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EXECUTIVE SUMMARY 

Two areas of c u r r e n t  i n t e r e s t  and a c t i v i t y  i n  au tomot i ve  s a f e t y  a r e  t h e  

p r o t e c t i o n  o f  occupants i n  s i d e  impacts and t h e  p r o t e c t i o n  o f  p e d e s t r i a n s .  

D u r i n g  t h e  p a s t  t e n  y e a r s  a  v a r i e t y  o f  p r o j e c t s  have been conducted t o  s t u d y  

t h e  i n t e r a c t i o n  o f  p e d e s t r i a n s  w i  t h  m o t o r  v e h i c l  es . Somewhat more r e c e n t l y  

t h e  emphasis has been on s t u d y i n g  t h e  i n t e r a c t i o n  o f  a  v e h i c l e  occupant  w i t h  

s i d e  door  s t r u c t u r e s .  Exper imen ta l  s t u d i e s  have u t i l  i z e d  b o t h  dummy and 

cadaver t e s t  s u b j e c t s  and a  v a r i e t y  o f  v e h i c l e  types,  b o t h  exper imen ta l  and 

p r o d u c t i o n .  A n a l y t i c a l  s t u d i e s  have been conducted u s i n g  b o t h  two- and 

three- !d imens iona l  c r a s h  s imul  a t i  on model s. 

An FY 80 p r o j e c t  a t  HSRI suppor ted  by MVMA had t h e  o b j e c t i v e  o f  r e v i e w -  

i n g  p a s t  s i m u l a t i o n  e f f o r t s  on these  two t o p i c s  and d e v e l o p i n g  p r a c t i c a l  

b a s e l i n e  d a t a  s e t s  f o r  use w i t h  th ree -d imens iona l  c r a s h  s i m u l a t i o n  so f tware .  

T h i s  r e p o r t  d e t a i l s  t h e  e x t e n s i o n  o f  these th ree -d imens iona l  da ta  s e t s  t o  

two dirnens i ons .  The r e s u l  t i n g  base1 i n e  two-d imens iona l  d a t a  s e t s  have been 

develolped f o r  use w i t h  t h e  e x i s t i n g  Vers ion  4 o f  t h e  MVMA two-d imens iona l  

dynamic o c c u p a n t / p e d e s t r i a n  s i m u l a t i o n  (DOPS). 

The d a t a  s e t s  have been d e s c r i b e d  i n  t h e  language o f  a n t i c i p a t e d  auto-  

m o t i v e  use rs .  The procedures  and assumptions used i n  d e v e l o p i n g  t h e  da ta  

have a l s o  been exp la ined .  Sample o u t p u t s  and g r a p h i c a l  r e s u l t s  f rom compu- 

t e r  e x e r c j s e s  u s i n g  t h e  d a t a  s e t s  a r e  i n c l u d e d .  I t  was found t h a t  t h e  two- 

d imens iona l  approach y i e l d s  k i n e m a t i c  r e s u l t s  wh ich  a r e  q u i t e  s i m i l a r  t o  

those o b t a i n e d  u s i n g  a  th ree -d imens icna l  s i m u l a t i o n .  In o r d e r  t o  make t h e  

p r e d i c t i o n s  more r e a l  i s t i c  than those o b t a i n e d  d u r i n g  t h e  th ree -d imens iona l  

mode l i ng  p r o j e c t ,  f r i c t i o n  between t h e  p e d e s t r i a n  and t h e  v e h i c l e  as w e l l  as 

energy  a b s o r p t i o n  by  t h e  v a r i o u s  c o n t a c t  pane ls  were added. The improvements 

were d ramat i c .  

There a r e  two v e r s i o n s  o f  t h e  MVMA two-dimensional  dynamic occupan t /pe -  

d e s t r i a n  s i m u l a t i o n  (DOPS) which a r e  i n  use a t  p r e s e n t  - Vers ion  3 and Ver- 

s i o n  4. Ve rs ion  3 i s  most  commonly used i n  t h e  au tomob i le  i n d u s t r y  w h i l e  

Vers ion  4 i s  most  common o u t s i d e .  The d a t a  s e t s  used i n  t h i s  p r o j e c t  shou ld  

be a p p l i c a b l e  t o  b o t h  v e r s i o n s  a l t h o u g h  i t  i s  a n t i c i p a t e d  t h a t  some s t o r a g e  

problems c o u l d  a r i s e  i n  t h e  p e d e s t r i a n  s i m u l a t i o n  u s i n g  Vers ion  3 due t o  t h e  

l a r g e  number o f  p o t e n t i a l  c o n t a c t s .  
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1.0 INTRODUCTION 

The o b j e c t i v e  o f  t h i s  p r o j e c t  has been t o  mod i f y  base l i ne  data se ts  

developed f o r  use w i t h  t he  Cal span three-dimensional  c rash  v i c t i m  s imula-  

t i o n  (HSRI Version, 1981) t o  a  form compat ib le  w i t h  Vers ion 4 o f  t h e  MVMA 

two-dimensional dynamic occupant /pedest r ian s i m u l a t i o n  ( 1 ) .  Th is  p r o j e c t  

i s  a  c o n t i n u a t i o n  o f  P r o j e c t  1150 from F i sca l  Year 1980 ( 2 ) .  

Th i s  r e p o r t  descr ibes t he  base l i ne  v e h i c l e  geometry i n  Pa r t  2.  The 

occupant and pedes t r i an  a long w i t h  t h e i r  con tac t  i n t e r a c t i o n s  w i t h  the  

v e h i c l e  a r e  descr ibed i n  Par ts  3 and 4. The base l i ne  data se ts  and a  

sampling o f  t he  r e s u l t i n g  computer program ou tpu t  a re  g iven  i n  Pa r t  5 .  



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, i t  

was necessary t o  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, a t  least  three points were 

measured with respect t o  a common inert ia l  coordinate system t o  define 

the following surfaces approximately as planes : 

- bumper 
- gr i l l e  

- hood 

- windshield 

- roof 

For the vehicle inter ior  the following surfaces were anticipated to be 

involved during la teral  or 300" oblique impact: 

- seat cushion 

- seat back 

- front door s i l l  region (foot/lower leg 

- door panel lower reqion (hip and upper 
- door panel upper region (head contact) 
- window panel (head contact) 
- door header (head contact) 
- floor (foot  contact) 

- B-pillar (head contact) 

contact) 

leg contact) 

Other data were obtained which would make i t  possible t o  expand the 
simulation t o  cases of frontal impact. 

2 . 1 .  B A S E L I N E  INTERIOR FOR SIDE IMPACT 

Fiaure 1 i l l u s t r a t e s  the individual and average base1 ine   an el 
locations which form the basis for construction of a side impact data se t .  
These data are used in constructing the actual data sets  described in 
Part 5 of th i s  report. 





2 . 2 .  BASELINE EXTERIOR FOR PEDESTRIAN IMPACT 

Figure 2 i l l u s t r a t e s  the individual and average base1 ine panel lo-  
cations which form the basis for  a vehicle exter ior  intended for  use i n  

simulation of a pedestrian accident event, The baseline location has 
been used i n  constructing the actual data s e t  described in Part 5 of th i s  
repor t .  One surface which i s  not shown i s  the in terface  between the 
g r i l l e  and hood. There was no c lear  def in i t ion for such a surface based 
on simple vehicle exter ior  measurements. Selection of a surface to re- 
present t h i s  region was made t o  describe the intersection between the 
g r i l l e  and the hood - a region which i s  estimated t o  have force-deforma- 
tion properties d i f fe ren t  from those used to  model the hood or  g r i l l e  
regions. 





3.0 THE OCCUPANT A N D  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 1 i t t l  e information was pub1 icly available a t  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 u p  t o  th i s  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 i n  selecting the occupant. The f i r s t  step was 
t o  project the original three-dimensional geometry t o  two dimensions. 
The second was t o  adjust the data t o  re f lec t  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 i l l u s t r a t e s  the two-dimen- 
sional projection as i t  was used for the MVMA 2-D simulations. I t  should 
be noted that  occupant o u t 1  ines, as defined by contact e l l ipses ,  are very 
similar i n  Figures 4 and 5.  The primary differences are  the lack of a 
r ight  arm and the lumping together of the ' left  and right leg masses. 

The numerical values for quantities such as segment mass, moment of 
iner t ia ,  position in space, e l l ipse  axes, link angles, and joint proper- 
t i e s  are  included in Part 5 which contains the complete l i s t ing  of the 
o u t p u t  of the input data s e t .  The mass of the upper arm was added t o  the 
torso while the mass and iner t ia l  properties of the upper and lower legs 
were combined. The new Part 572 data suppl ied with Cal span CVS Version 
20 were used as a basis. 

3 . 2  PEDESTRIAN FOR IMPACT SIMULATION 

The original three-dimensi onal pedestrian data se t  represented a 
person walking perpendicular t o  the path of the vehicle. Figure 6 shows 
the l e f t  side of the pedestrian with the l e f t  front of the vehicle be- 
h ind  h i m .  In Figure 7 the view i s  that of the back of the pedestrian 
w i t h  a front-to-rear section of the vehicle projected through the y- 



coordinate of the lower torso center of gravity. This section i s  on the 
l e f t ,  or dr iver 's  side of the vehicle. This view was used as the basis 
for p~rojecting the three-dimensional geometry t o  two dimensions as i s  

shown i n  Figure 8 .  The outlines of the pedestrian, as defined by the con- 
tact  e l l ipses ,  are similar i n  Figures 7 and 8.  The differences are o n  

the l e f t  side of  the body in the arm and leg. The l e f t  arm i s  deleted 
a n d  the mass lumped w i t h  the torso. 

I t  was necessary t o  simplify the linkage for the two-dimensional 
case. To simulate the presence of two legs, a feature believed t o  be 
important because of the large mass and iner t ia l  properties of these 
segments as well as the fac t  that the in i t i a l  energy transfer t o  the 
linkage i s  through the legs, two joints ( 4  and 5 as shown in Figure 8 )  

were superimposed a t  the h i p  pivot point. This mechanism allowed the 
mass of the l e f t  leg t o  be represented by M4 while the right upper leg 
i s  represented by M5 and the right lower leg by M6.  Contact between the 
l e f t  a n d  r ight legs or between any of these segments and the vehicle i s  
through the contact surfaces which are not affected ( i n  iner t ia l  space) 
by this  rearrangement of the linkage. The l e f t  and right legs pivot 
independently a t  the "hip ," 

The numerical values for quantities such as segment mass, moment o f  

iner t ia ,  position in space, e l l ipse axes, 1 ink angles, and joint proper- 
t i e s  are included in Part 5 which contains the complete l i s t ing  of the 
o u t p ~ ~ t  o f  the input data se t .  The pelvic mass i s  ordinarily associated 
with the 1 ink between joints 4 and 5 ,  As this  1 ink i s  now being used t o  

simulate the leg leg (M4), the pelvic mass i s  moved t o  the link between 
joints 3 and 4 and lumped with the abdominal mass. The locations for 
centers of gravity, the mass values, and the moments of  inertia are  a l l  
derived from the new Part 572 data. 

In the original three-dimensional simulation, a1 1 joints were free 
of constraints. I t  i s  believed that  th i s  i s  due t o  the fact  that a pur- 
pose o f  simulation was t o  model the kinematics o f  a cadaver w i t h  no muscle 
tensiton t o  keep the body erect.  The correct values for joint flexual pro- 
perties were included t o  simulate Part 572 .  
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A feature of the three-dimensional simulation was a special joint 

t o  model breaking of the lower leg. Because of 1 imitations in the number 

of available masses for the MVMA 2-D model, breaking of the knee was sub- 

s t i tu ted .  This was handled by locking the joint using the Conlomb f r i c -  

tion joint resistance option. The f r ic t ion  value was se t  a t  a n  estimated 

la teral  knee joint fracture 1 eve1 . 



4.0 CONTACT INTERACTIONS WITH THE VEHICLE 

A v a r i e t y  o f  con tac t s  a r e  a l lowed f o r  bo th  t he  occupant w i t h  t he  

vehi lc le i n t e r i o r  and t h e  pedes t r i an  w i t h  t h e  v e h i c l e  e x t e r i o r .  Occu- 

pant  o r  pedes t r i an  e l l i p s e s  may c o n t a c t  e i t h e r  f l a t  panels a t tached  t o  

the v e h i c l e  o r  o t h e r  o f  t h e  e l l i p s e s  on t h e  sub jec t .  Table 1  shows t h e  

p o t e n t i a l  con tac t s  which a r e  a l lowed f o r  t he  s i d e  impact occupant w h i l e  

Tab1 e  2 r e f e r s  t o  t h e  pedes t r i an .  

The f o r c e - d e f l  e c t i o n  c h a r a c t e r i s t i c  curves govern ing i n t e r a c t i o n s  

between t h e  occupant o r  pedes t r i an  and t he  v e h i c l e  have been de r i ved  

from a  v a r i e t y  o f  sources. Some a r e  based on i d e a l i z e d  v e h i c l e  compo- 

nen t  t e s t s .  Others a r e  hypo the t i ca l  es t imates chosen t o  f i l l  vo ids  i n  

our lcompi la t ion o f  pub1 ished,  r e a l  i s t i c  v e h i c l e  d e s c r i p t i v e  data.  A1 1  

a r e  in tended  t o  be t r e a t e d  as base l i ne  data which should be rep laced  

when measured da ta  a r e  a v a i l a b l e  f o r  use i n  ac tua l  eng ineer ing  s tud ies .  

4.1 VEHICLE INTERIOR FORCE - DEFORMATION CHARACTERISTICS - 
Five d i f f e r e n t  f o r ce -de f l  e c t i o n  c h a r a c t e r i s  t i c  curves a r e  used t o  

defi lne t h e  p r o p e r t i e s  o f  t he  c o n t a c t  sur faces used t o  d e f i n e  t he  v e h i c l e  

i n t e r i o r  f o r  s i d e  impact .  F i gu re  9 i l l u s t r a t e s  t he  cu rve  f o r  a  s t r u c -  

t u r e  e n t i t l e d ,  "panel ." Tabular  implementat ion o f  these data d e f i n e  t he  

defo~rmat ion o f  t h e  header, f r o n t  door s i l l ,  and h i p  panel r eg ion .  The 

door panel shoulder  r e g i o n  c o n t a c t  su r f ace  i s  modeled as a  f i f t h  o rde r  

polyinomial f i t  t o  t h e  t a b l e .  The symbol " x "  on F igu re  9 shows t he  

closeness o f  f i t  o f  t h i s  po lynomia l .  The polynomial  form i s  used f o r  

t h i s  c o n t a c t  su r f ace  t o  a1 low mutual de fo rmat ion  o f  t he  v e h i c l e  and occu 

pan t  tho rax .  These da ta  a r e  de r i ved  from dynamic de fo rmat ion  t e s t s  o f  

door i n t e r i o r s  and rep resen t  a  somewhat s t i f f e r  s t r u c t u r e  than t h a t  used 

i n  r e c e n t  s i d e  impact s imu la t i ons  by Padgaonkar and Prasad ( 3 ) .  Because 

o f  a  l a c k  o f  exper imenta l  i n f o r m a t i o n  on the  header and f r o n t  door s i l l ,  

t he  da ta  shown i n  F i gu re  9 have a l s o  been se lec ted  as hypo the t i ca l  e s t i -  

mates f o r  these sur faces .  

F i gu re  1 0  shows t he  r e p r e s e n t a t i v e  f o r c e - d e f l e c t i o n  curve f o r  s i d e  

window tempered g lass  which has been se lec ted  f o r  i n c l u s i o n  i n  t he  data.  



TABLE 1 . OCCUPANT/VEHICLE INTERIOR CONTACTS 

E l l i p s e  Name 

Head 

Head 

Head 

Upper Torso 

Lower Torso 

Lower Torso 

R i g h t  Upper Leg 

R i g h t  Foot 

L e f t  Upper Leg 

L e f t  Upper Leg 

L e f t  Lower Leg 

L e f t  Foot 

L e f t  Foot 

L e f t  Upper Arm 

L e f t  Upper A r m  

L e f t  Lower A r m  

Contact  Panel o r  E l l i p s e  Name 

W i ndow 

Header 

B - P i l l a r  

Door 

Seat Cushion 

Hip Panel 

Seat Cushion 

F loor  

Seat Cushion 

H ip  Panel 

Door S i  11 

F l  aor  

Door S i l l  

B-Pi 11 ar 

Door 

Door 



T A B L E  2 .  PEDESTRIAN/VEH ICLE EXTERIOR CONTACT 

El 1 i pse Name Contact Panel or  El 1 ipse Name 

Head 
Head 
Head 
Head 
Upper Torso 
Upper Torso 
Upper Torso 
Upper Torso 
Lower Torso 
Lower Torso 
Lower Torso 
Lower Torso 
Right Upper Leg 
Right Upper Leg 
Right Upper Leg 
Right Upper Leg 
Right Knee 
Right Shin 
Right Foot 
Right Foot 
Left Upper Leg 
Left Upper Leg 
Left Upper Leg 
Left Lower Leg 
Left Foot  
Left Foot 
Left Foot 
Right Upper Arm 
Right Upper Arm 
Right Lower Arm 
Right Lower Arm 
Right Lower Arm 

Windshield 
Hood 
Car Front (Gri l le  Top)  
Roo f 
Roof 
Windshield 
Hood 
Car Front (Gri l le  Top)  
Windshield 
Hood 
Car Front (Gril l  e T o p )  
Grll* (Gri l le)  
Hood 
Grll* (Gril l  e )  
Car Front (Gri l le  Top) 
Left Upper Leg 
Bumper 
B u m  per 
Ground 
Grll* (Gri l le)  
Hood 
Grll* (Gri l le)  
Car Front (Gri l le  Top) 
Bumper 
Ground 
B u m  per 
Grll* (Gr i l le )  
Hood 
Windshield 
Hood 
Grll* (Gri l le)  
Car Front (Gri l le  Top)  

*Note: The term "Grll" i s  the name used in the data se t  for the word 
"Gri l le" .  
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This i s  a n  idealization of d a t a  presented a t  the 11 t h  S t a p p  Car Crash 

Conference by Siemonsen and Bruckner ( 4 ) .  I t  should be noted t h a t  tem- 

pered glass holds substantial force for a larger deformation than an-  
nealed or laminated glass due t o  i t s  larger bending s t i f fness .  I t  i s  

presumed t h a t  the glass panel breaks upon reaching a deflection of 0.5 

inch and  behaves elast ical ly  until t h a t  deformation i s  reached. 

The f loor ,  seat back, seat cushion, and B-pillar are modeled as 

linear polynomials in force and deformation. The following coefficients 

were supplied with the original frontal impact d a t a  s e t  by Calspan Cor- 

poration while the B-pillar coefficient i s  a hypothetical estimate: 

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

2 .  Floor - 860 Ib/in.  

3. B-pillar - 4000 Ib/ in .  

4.1 . I  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 t o  the vehicle. To represent th is  physi- 

cal ly  observed phenomena and t o  provide a real i s t i c ,  b u t  hypothetical, 

example for the baseline exercise, the hip panel and  door are seen t o  be- 

gin intrusion a t  5 ms and  continue moving inward until 30 ms when they 

stop with respect t o  the remainder of the vehicle. Total intrusion i s  

5 inches. The software i s  capable of l inear motion, as i s  the case used 

in this  example, and  also of panel rotation. 

4 . 2  VEHICLE EXTERIOR FORCE-DEFORMATION CHARACTERISTICS 

Three different force-defl ection loading characteristic curves are 

used t o  define the properties of the seven contact surfaces which define 

the vehicle exterior and  ground for pedestrian impact. A11 these curves 

are 1 inear polynomials in deformation. The roof, windshield, hood, 

g r i l l e  ( G R L L ) ,  and bumper have a coefficient of 1000 I b/in. The ground 

coefficient i s  470 lb/in.  The g r i l l e  t o p  (car f ront)  surface was t o  be 

twice the average of the hood and g r i l l e ,  which i s  2000 1 b/in. The body 

ell ipses are  a11 assumed t o  be r igid.  
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Al though t he  f o r c e - d e f l e c t i o n  l oad ing  curves used w i t h  t h e  MVMA 

2-D model a r e  t h e  same ones used i n  t h e  three-d imensional  s imu la t ions ,  

t h e  un load ing  curves a r e  n o t .  Pedes t r ian  k inemat ics  observed i n  the  

three-d imensional  s imu la t i ons  and i n  t he  i n i t i a l  two-dimensional simu- 

l a t i o n s  resembled those o f  a  rubber  b a l l  bouncing o f f  t h e  hood o f  t h e  

v e h i c l e .  These un load ing  curves demonstrated pure e l a s t i c  behav io r .  

To compensate f o r  t h i s  problem t h e  i n p u t  data f o r  un load ing  d e f i n e  an 

energy abso rp t i on  o f  99%. Th i s  had a  marked e f f e c t  on e l i m i n a t i n g  t he  

marked v e r t i c a l  mot ion  o f  t h e  pedes t r ian .  

Even w i t h  t h e  changes j u s t  mentioned t h e  r e s u l t s  w i t h  t he  MVMA 

2-D model s t i l l  were n o t  good. The pedes t r i an  was n o t  conforming t o  

the  v e h i c l e ,  bu t  r a t h e r ,  was s l i d i n g  o f f .  Contact  f r i c t i o n  was added 

f o r  a l l  i n t e r a c t i o n s  o f  t h e  pedes t r i an  w i t h  t h e  v e h i c l e .  Th i s  change 

served t o  s imu la te  t he  pedes t r i an  i n  a  manner s i m i l a r  t o  t h a t  observed 

i n  h i g h  speed movies o f  exper imenta l  impacts .  I t  should be noted t h a t  

con tac t  w i t h  t he  ground was a l r eady  modeled by a  f r i c t i o n  c o e f f i c i e n t  

o f  1 .0  i n  bo th  t h e  MVMA 2-D and t h r e e  dimensional  s imu la t i ons .  

These da ta  a r e  incomplete  and rep resen t  o n l y  hypo the t i ca l  e s t i -  

mates f o r  t h e  p r o p e r t i e s  o f  a  v e h i c l e  e x t e r i o r .  I t  i s  recommended t h a t  

t he  fo rce -de fo rmat ion  and f r i c t i o n  data con ta ined  i n  t h i s  base l i ne  be 

regarded as p r e l i m i n a r y  and t h a t  f u r t h e r  work should be done t o  improve 

t h e i r  qua1 i t y .  



5.0 THE COMPUTER EXERCISES 

The purpose o f  t h i s  p a r t  o f  t h e  r e p o r t  i s  t o  p resen t  t h e  numerical  

d e t a i l s  o f  t h e  two base l i ne  da ta  se ts  and g i v e  summary d e t a i l s  o f  t h e  

r e s u l t i n g  computer exerc ises .  For a  complete copy o f  t h e  s i m u l a t i o n  

o u t p u t  i t  i s  necessary t o  exe rc i se  t h e  da ta  s e t  o r  o b t a i n  a  copy o f  t h e  

tape c o n t a i n i n g  t h e  exe rc i se  from MVMA o r  HSRI. 

5.1 VEHICLE DECELERATIONS AND MOTIONS - 
The dynamics o f  t h e  s i d e  impact  s i m u l a t i o n  a r e  i n i t i a t e d  by f o r c i n g  

an a c c e l e r a t i o n  o f  t he  occupant compartment. Th is  causes t h e  v e h i c l e  

(and i t s  c o n t a c t  su r f aces )  t o  begin  t o  move w i t h  r espec t  t o  i n e r t i a l  co- 

o rd i na tes .  Superimposed upon t h i s  movement i s  t h e  p resc r i bed  i n t r u s i o n  

o f  t h e  s i d e  door h i p  c o n t a c t  panel w i t h  r espec t  t o  t h e  v e h i c l e  coo rd i na te  

systlem. The occupant, i n i t i a l l y  a t  r e s t  w i t h  r espec t  t o  bo th  i n e r t i a l  

and v e h i c l e  coo rd i na te  systems, i s  c a r r i e d  a long  by t h e  v e h i c l e  mot ions 

through impacts w i t h  t h e  v e h i c l e  i n t e r i o r  c o n t a c t  sur faces.  The l a t e r a l  

a c c e l e r a t i o n  p r o f i l e  a p p l i e d  t o  t he  v e h i c l e  i s  shown g r a p h i c a l l y  i n  F igure  

12. 

The pedes t r i an  impact i s  i n i t i a t e d  by p r e s c r i b i n g  mot ions f o r  t h e  

v e h i c l e  which i s  g i ven  an i n i t i a l  v e l o c i t y  o f  10 mph and ma in ta ins  t h i s  

non-stop v e l o c i t y  throughout  t h e  s imu la t i on .  The c o n t a c t  su r faces  o f  t he  

v e h i c l e  a r e  r i g i d l y  a t tached  t o  t h e  moving v e h i c l e  coo rd i na te  system. The 

occupant i s  mot ion less  i n  i n e r t i a l  space a t  t h e  beginn ing o f  t h e  s imula- 

t i o n  and begins dynamic excurs ions when impacted by t h e  bumper. The con- 

t a c t  su r f ace  rep resen t j ng  t he  ground does n o t  move. 





5.2 S I D E  IMPACT INPUT  DATA - 
This part of the report contains the numerical detai ls  of the base- 

l ine MVMA 2-D side impact data se t .  Table 3 contains the o u t p u t  of the 

input data set  a f te r  the input f i l e  has been processed by the I N  section 
of the program. Not a l l  pages are included. Those which are contain 
detai ls  of the 1 inkage, joints ,  masses, iner t ia l  properties, contact 
el1 ipses, and program controls. Table 4 i s  a copy of the base1 ine data 
f i l e  which was constructed for the exercise. 





J I I N  16, 1991 10:22:09 S I D E  JUPACT 8 1  -- 12 DEGREES VER. 4 PAGE 2-00 
3 ~ - 2 n :  LEFT A ~ H - ~ n n  L T N K S I R I G I I T  % R ~ - I , I I ~ I P F D  W ~ T I I  TORSO/HIGIIT A N D  LEPT I . E G S - L U ~ P E ~  TOGETHER OCCIJPANT I S  STROCK FROU L E F T  S I D E  

TNTEGRATION CONTROLS 

MAXTnTIPl S T E P  T O  SEARCll FOR BALAYCE IN SllARED DEFLECTLON u . Z O @ ( I H )  

~ I N I N I I N  S T F P  TO SEAnCl l  FOR BALANCE I N  SII1RF.D n E F L R C T I O N  0.020000 ( I N )  

MAXIPIOM FORTE FOR R T G I n - R T G I n  CONTACT 600.00 (LR)  

LINEAR F L h S T T C  C O E P P I C I C N T  POP RTGTD-RIGTD CONTACT 500.00 ( L B / I N )  

n ~ x ~ n n n  N U U A F R  O F  ITEBITIONS TO  FIN^ FORCE B A L A N C E  30 

FRACTION O F  CrlRREAT RAHP LENGTH FOR VELOCITY CHANGE I N  BOWING CONTACT L I N E S  0.050 

N U R B E R  O F  I N T F G R A T I O N  STEPS F O R  I r r x r n o n  R n a p  LENGTH FOR VELOCLTI C R A N G E  I N  ROVING COUTICT LINES 

U r N I n I I q  R A T I O  D P  SHORTER TO LONGER SEMI-nA.JOR A X I S  FOR E L L I P S E  TO BE TREATED I S  C I R C L E  1.000 

PRILCTIOPIAI. P O S I T I O N  O F  C I R C L E  CENTER ALONG SEnT-NA.lOR A X I S  
RPI.ATIVl? T O  POC;ITIOY POR C I R C L E - E L C I P ' i P .  TANGENCY AT END O F  A X I S  1.000 

TTUE TO SET 1)ERIII; SWITCHES ( U s E C )  

DEWnG SWITCH S E T T I N G  I N  ARXAnECIIll lL PORNAT 

nEROGGI NG CONTROLS 

T I ~ W  TO SET D E R ~ I G  SWITCHBS ( n s e c )  0.0 0.0 

DERIIG SYTTCll S E T T I N G  T N  HRXllDPCTUAI. FORUAT 00000000 00000000 

DRBWG CONTROLS I R E  TO OPERATE FOR ALL TNTEGRATION EVAL'1ATIONS AT EACH T I M E  

TABLE 3 ,  Outp~!t o f  Raseline I n p u t  na ta  S e t -  S i d e  Impact [?age 2 nf 8). 



J n N  16, 19R1 10:22:09 S I D E  ENPACT #l -- 12 DE(:REES VER. U PAGE 3-00 
3 D - 2 0 :  T.PFT APN-Ji l t3 I . I N K S / R I G H T  ARN-1.IIMPRr) WITl l  T O R S O / R I G I I T  AND LXFT LEGS-LUHPED TOGETHER OCCUPANT I S  STRUCK PROM L E F T  S I D E  

nnnx S E G ~ E N T  L R N C T H S  
HFAn LFIGTII= 
UPPER TORSO LENGTH= 
R I D D L E  TORSO I ENGTH= 
LOWFP T O R S O  LPNGTH= 
HIP-KNEE I ENGTH= 
WPPER TOPSO-SHOIlLllRR= 
5IIOIII.DPR-FLBOW CFNGTII= 
X R E S T  P O I N T  O F  SMOlflLDER= 
Z R f S T  P O I N T  O F  SHOUI.nRR= 

END O f  L I N K  T O  (ITNTER-OF-NASS LENGTHS 
Hl?An/NECK .lOXHT-HEAD C n  LENGTll= 
NFCK-CHEST C N  LENGTl lS=  
I I P P E R  T O R S O  .lOINT-FYTDDLR T O R S O  CN LENGTH= 
LOWER TORTO . In In t  L o u e R  TORSO c n  L E N G T I I =  
H I P - O P P E R  LEG CN LENG+ll= 
KNEE-LOVER LEG CN LI!NGTII= 
SHOULnRR-UPPER ARN C H  LENGTH= 
ELROW-LOWER ARN CN LENGTH= 

HEAD 
U P P E R  T O P S O  
HIDDLE TORSO 
LOWRP TORSO 
UPPER L 5 G  
LOWPR LEG 
I I P P R R  ARn 
I.nPi?R ARM 
WFC K 

HFAn-NErK PORWARD 
NFCK-IIPPRR TORSO FDRWAPD 
U P P P D  S P I N E  
LOWFA S P T N E  
H I P  
KNFF 
nPPEF! ARN-UPPFR TORSO 
EI.ROY 
Hl?&D-NECK REAR 
NBI'K-TrPFRR TOPSO RFAR 
FIFCK (*TTFWSIl3bF)  **  
SllOIlJ.DR!l (EXTRNSTDLE)  **  
NWCK ( C O n P R R I ; S I O l . F J  ** 

HONENTS O F  I N E R T I A  
(ABOUT C I )  

( L B S  Sl?C**2 I N )  
0,2970 
2.1700 
0.3100 
1.7800 
0.7700 
1 .no00 
0.1370 
0.2700 
0.0 

I . INRAR ANG'ILAR 
D C F L F C T I O N  CORP. 

(TN-i .RS/DEG) 
3 1.20000 
3 1.20000 
SO. 00D00 
50.00000 
16,00000 
0. n 
0.0 
0.0 

3 1.20000 
3 1.70000 

?C.  1.00000 
1000.0'3000 
75 I .  tJ0000 

I A S S  OF BODT S E G H E A T S  
HEAD HASS= 
C H E S T  NASS= 
H I D D L E  T O R S O  H A S S =  
LOWER T O E S O  HASSP 
U P P E R  L E G  (BOTH L E G S ) =  
LOVER LEG (BOTH L E G S ) =  
UPPER s R a  (BOTH A R N S ) =  
tourre n u n  (corn n u n s ) =  
HEAD-NECK I A S S =  
U P P E R  TORSO-NECK H I S S =  

"NaTURAL" L I N K  ANGLBS 
[FOR Z E R O  TORQIIE) 

(DEG) 
0.0 
0.0 
0.0 
0.0 

-180.00 
9RO.00 

0.0 
0.0 

I N I T I A L  BODY L I N K  LNGLRS 
( R F L A T I V E  T O  V E A I C L E )  

(DEG) 
90.00 
90- 00 
90.00 
90.00 
90.00 

-90.00 
-90.00 
-90.00 

90.00 

OCCIJPANT J O I N T  YARANETRRS 

D ~ l A n B A T I C  ANGllLAR 
n B F C E C T I O N  COEP. 
(TN-LBS/DEG**2)  

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
n. o 
0.0 
0.0 
0.0 
0.0 
0.0 

I N I T L A I ,  ANGULAR V E L O C I T I E S  
( R E L I T I V E  T O  V E H I C L E )  

(DEG/SEC)  
0.0 
0.0 
0.0 
0n0 
0.0 
0.0 
0.0 
0.0 
0.0 

C f l B I C  ANGWLLR 
n E P L E C T I O N  COEP.  
( I N - t R S / D E G * * 3 )  , 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 -0  
0.0 
0- @ 
0.0 

757.00000 
ROO. 00000 
757.00000 

\ 

CONSERVED-ABSORBED 
ENERGY R A T E 0  

**  I l N f T S  FOR ml lR  NECK ( F X T F H S T R I . E ) ,  (COIIPRESSTI( I .R)  A Y I )  SIIOIII.DFR ( R X T P N S J n 1 . F )  PARAMETERS h R E  G I V E N  I N  T l l F  ROY BRLOY 
( I .n /TN)  ( L D / I N * * 2 )  ( L E / I N * * 3 )  

TABLE 3 .  Output  of  B a s e l i n e  I n p u t  Data S e t .  S i d e  Impact  (Page  3 of 8 ) .  
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.IVN 16, 1 9 R 1  1q:22:09 S I n E  I R P A C T  11 -- 1 2  DEGREES WEB. 'I PAGE 5-00 
31)-2n: LEFT A R R - A R ~  LI N K S / H I G I I T  A R R - L I I ~ P E ~  Y ITH TORSO/RIBHT A N D  [.EFT L E G S - L ~ R P E D  TOGETHER OCCBPhNT IS STRUCK PROM LEFT SIDE 

I N l T I A G  CONDITTONS FOR IIPPER TORSO hND NECK 

T N T T I n l .  (X,Z)  COORnINATP O F  CRNTERLINE P O I N T  Nl1N.l RELATIVE TO VEHICLE O R I G I R  I N  ( I N )  ( 0.0 , -29.00) 

TNITTAl .  (T.7) VFLOCLTY O F  CENTRRLINE P O I N T  NIIn. 1 RRCATIVR T O  VEHICLE O R I G I N  I R  (FT/SRC)  0 .0  0.0 1 

I N I T I A L  NECK I.ENBTH 4. R 9  ( I N )  

INTTIII I .  RATF O F  EXTENSION O F  NECK 0.0 ( I N / S E C )  

I N I T I A L  SlIOflLPYR LOCATION AND VELOCITY B R G n T I V E  T O  UPPER TORSO ATTACHNEBT 

I N I T I A L  (X,Z)  COORDTNATES O F  SHOULDRR J O I N T  RELATIVE T O  UPPER TORSO ATTACHRERT P O I N T  111 ( I N )  ( 0 .0  . 0.0 ) 

INTTTAL ( X . 2 )  VEI.OCTTY I N  TIPPER TORSO S I S T E H  I N  ( I N / S E C )  ( 0 .0  0 . 0  } 

OCCVPANT ACCELERORETER AND BELT ATTACHNEUT PABARETERS 

n I 7 T L N c E  ALONG HEAD-NECK CYNTERLINR TO HEAD ACCELEAOIIETER 3 . 1 9 ( 1 N )  

DTSTANfE ALONG WPPPR TORSO CRNTERGTNE TO CHEST ACCELERORETER 2. l 3 ( 1 U )  

VEllIC1.E I N I T I A L  C O N D I T I O N S  AND ACCELERONETER LOCATION 

( X , X )  COORDINATES O F  VRII1CI.R O R I G I N  I N  ( I N )  ( 0.0 , 0.0 ) 

I N I T I A L  (X.7.) VEllTCLE VELOCITY I N  ( F T / S E C )  ( 0.0 , 0.0 ) 

I N T T I A I .  VRIIICLE P I T C t i  ANCLP: 0.0 [DEG) 

J N I T T A I .  VEIIICLF: P I T C I f  ANGIILRR V@l.OCITY 0.0 (DEG/SEC) 

(X,!Z) C O 0 n l ) l N A T E S  O F  VERTCl F ACCI!l.FRORf?TRR I N  [ I N )  ( 0.0 . 0 

R A S S  O F  V F H I C L B  0.0 ( L R S  SRC**Z/IN)  

TABLE 3 .  Output o f  Basel ine  Input  Data S e t .  Side Impact (Page 5 o f  8). 
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J V N  16, 1981 1 0 : 2 2 : 0 9  S I D E  I f l P A C T  ?1 -- 1 2  DEGREES VEB. 4 PAGE 10-00 
3 0 - 2 n :  I.FFT RRH-ARR LINKS/RIGIIT ARn-LIJRPED WITH TORSO/RICRT AND L E F T  LEGS-LUMPED TOGETHER OCCUPANT I S  STROCK PROm L E F T  S I D E  

E L L I P S E S  ATTACllAD TO THr? IlPPER LEG 

NAPlE OF EI.1.IPSP I S  L L P T  VlPPER LSG E L L I P S E  I S  ASSUSED R I G I D  F R I C I I O I  C L A S S  I S  1 

X-COORDINATE O F  E L L I P S E  CENTER I N  BODY SEGMENT COORDINATES= 0 , 7 8 2  ( I N )  
2-COORDINATE O F  E L L I P S E  CRNTER TN BODY SEGRENT COORnTNATES= -4 ,  U 5 0  [ I N )  

SERI-AXIS LENGTH ALONG I-COORDINATE= 3 . 7 2 9  (11) 
S E n 1 -  A X I S  LENGTH ALONG 2-COORDINATE= 3 , 7 4 0  ( I N )  

RFGIONS WHICH ARE ALLOWKD TO CONTACT TRE E Z L I P S E  L E F T  VPPER LEG 

S E A T  C n s H r o N  

H I P  PllNEL 

NAVE O F  RLI . IPSE I S  RTGIIT IIPPER LEG E L L I P S E  I S  ASSURED R I G I D  F R I C T I O N  C L R S S  I S  1 

X-COOSnINllTF O F  PLLTPSE CENTER I N  BO9Y SGGnENT COORDINATES= 0 . 7 0 2 ( I N )  
2-COORDINATE O F  ELI . IP?E CTNTER I N  ROD1 SECBENT r O O R D I N A T R S =  4 , U 5 0 ( 1 N )  

S E B I - A X I S  LFNGTA ALOIG I -COORDINRTE= 3 , 7 2 V ( I l )  
S E B I - A X I S  LENGTH ALONG 2-COOROf NATB= 3 . 7 4 0 ( 1 1 )  

SEAT C1ISRCON 

E L L I P S E S  &TTACIlEO TO THE LOUPlR LEG 

NllnR OF  E L L I P S E  I S  L E F T  LOWER LEG E L L I P S E  I S  ASSURED R I G I D  P B I C T I O N  C L A S S  IS  1 

X-COORDINATE O F  E L L I P S E  CENTER I N  BODY SEGnENT COORDINATES= - 0 , 3 6 U  ( I N )  
2-COORDINATE OP E L L I P S E  CEIITFG I N  BOOT SEGMENT COOI?DXNATES= 4 . 4 5 0  ( I N )  

S E f l I - A X I S  LENGTR ALONG X-COORDINATE= 7 - 3 3 8 [ I l )  
S E ~ I - I X I S  LRNGTH &LONG Z-COORDINATE= 2 . 2 3 0  (IN) 

R E G I O N S  WIIICB ARR ALLOYED TO CONTACT THE E L L I P S E  L E F T  LOWER LEG 

DOOR S I L L  

NAHE O F  E L T . I P S E  I S  L P F T  FOOT E L L I P S E  I S  ASSlInRD R I G I D  P R I C T I O U  CLASS IS 1 

X-COORnINATE O r  P1.LIPSE CENTER I N  BOD1 SRGRRNT COORDItIATES= 5 . 3 2 2 ( I N )  
2-COORDINATE O F  FI .LIPSE CFNTEEi I N  HODT !i!?GB?NT (.OORDTNATES= U.U50[1N)  

s E n I - k x I s  LENGTH ALONG I-COORDIIATE= 3 , 9 9 9 ( 1 ~ )  
S E R I - A X I S  LENGTM ALONG 2-COORDINATE= 1.800 ( I N )  

REGIONS WHICH ARE ALLOWED TO CONTACT Tf lF  EI.I .TPSE L E F T  FOOT 

n n n p  s r1.1. 

NA*E O F  E L L I P S E  I S  RTGIIT "OOT EL1.TPSE I S  ASSTINED R I G I D  F R I C T I O N  C L l S S  I S  1 

X-TOORnTNATF O F  FLLIPSF: r F l I T A P  I N  BOD1 S F G I E N T  C(IORT)INIITES= 5 ,  3 2 2 ( I N )  
7,-('nORDTNATA OP F l  L I P S E  r F N T E R  TN RnDV SE?flANT COORDTNATPS= -U.  '450 [ I N )  

S E n I -  A X I S  LENGTH ALONG X-COORDINATE= 3 . 9 9 9  (TN) 
S R f l I - A X I S  I.ENGTH ALONG 2-COORDINATE= 1,800 ( f  N) 

TABLE 3 .  Output o f  Basel ine  Input  Data S e t .  S ide Impact  (page 7 o f  8).  





S I D E  IWPACT 1 1  -- 12 0EGRCES 
3n-2e: LFFT ~ ~ f l - 4 ~  
n r I N K  S ~ R T G I I T  A R  n- I. 
UnPFB UJTH T O P S O / P I  
GHT AND LEFT LEGS-I. 
t l n P P n  TOGPTIIPR 
OCCUPANT I S  STRIICK 
F R n n  LFWT S I D E  
1. 1. 32. 174 0. 0. 100. 1. 
0. 0. 0. 0 ,  0. 0. 10. . ? - 0 2  600. 500. 30. - 0 5  10. 
il EAD WINDOW 
I1 FA0 HFADFI 
HEAD D - P I 1  LAR 
UPPFR T O Q S ~  POOR 
1.OWt'U TORSO S F A T  CIlSlIION 
L O W E R  TORSO I I IP  P A ~ J ~ L  
RIGHT IIPPEP LEG S R n T  C I I S I I I O I  
RIGIIT FOOT FLOOR 
L E F T  rlPPRR LFG SEAT Cf lSf l ION 
L P F T  IlPPRR I.FG l l I P  PLNRI. 
L E F T  LOWER LEI; nOOR STLI.  
L F P T  -OOT FLOOR 
L E F T  FOOT ~ O O R  51~1. 
CPFT UPPED ARM 0 - P I I L A R  
L E F T  IIPPER ARIl DOOR 
LEFT L O W E R  I R n  ~ O O R  
0. 0. 0. 0. 0 .  0. 1. 
0. 0. 0. 0. 0. 0. 1. 
1. 1. 0. 0. 0. 0. 0. 
1. 1. 0.  0. 0. 1. 1. 
0. 0. 1. 0. 0. 0. 0. 
HELO 1. 1. 
I1 ?Ar) 0. 0. 4.4897 3.1 
TIPPER TORSO TIIORIX PIITERTAL 2.  1. 
UPPFR TORSO 0. 0. 4.83205 6.78 
CENTFP TOPCO 3. d. 
CENTER TORYO -1.9567 0. 6.8761R 6.35 
LOWER TORSO 4. 1. 
LOWER TORSO 0. 0. 7.4339 6 - 9 4  
L E F T  ~ P P ~ R  LEG 5. 1. 
L P F T  IIPPFR L"6 - 7 8 1 8 3 6  -4.45 3.72R75 3.74 
L E F T  LOWER 1.F.G 6 .  1. 
L u F T  LOHER LTG - .36406 4 - 4 5  7.33770 2.23 
L E F T  FOOT 6. 1. 
1.9PT FOOT 5 .  3220R 4.45 3.09875 1.R 
RIGIIT IiPPER 1.EG 5. 1. 
RIGl lT IlPPEn LEG .7f l1436 4.45 3.72875 3.74 
RIGIIT FOOT 6. 1. 
RTGHT FOOT q - 3 2 2 0 n  -4.45 3.99A75 1.9 
l.?FT 1lPPFR & R E  7 .  1. 
L F f T  IlrBPEP LPN b. 0. 6.88 1.60 
L E F T  LOWER LRn 9. 1. 
LCFT I O W ~ R  r ~ n  O. U .  . ~ 1 7 5 2 3  1 - 1 1  
RTGIIT COWER LEG 6. 1. 
RIGIIT IOHEP LEG -. 36405 - f l . 4 5  1.33770 2.23 
(1 . 8.90733 U. 69511  4..04Q74 9 - 7 9  10.7 
7.27789 2.15193 ?. 249 74 2,44537 2.1982 h . ( l 5 l U 5  5.25 
- 0 2 5  - 0 9 5  - 0 3 1  - 0 9 8  - 0 9 0  - 0 5 0  - 0 1 2  
- 2 9 7  2.17 a 31 1 - 7 8  - 7 7  1 . 0  . 137 

1 0 0  
200  
3 0 0  
400 
5 0 0  
6 0 0  
7 0 0  
BOO 
1 0 1  
1 0 2  
1 0 3  
1 0 6  
1 0 6  
1 0 6  
1 0 6  
1 0 6  
1 0 6  
1 0 6  
1 0 6  
1 0 6  
1 0 6  
1 0 6  
1 0 6  
1 0 6  
1 0 6  
1 0 6  
1 0 6  
1 0 7  
1 0 8  
1 0 9  
1 1 0  
11 1 
2 1 9  
220 
219  
220  
2 1 9  
220  
219  
2 2 0  
219 
2 2 0  
2 1 9  
2 20  
2 1 9  
2 2 0  
2 1 9  
2 2 0  
2 1 9  
2 2 0  
2 1 9  
2 20  
2 1 9  
220 
2 1 9  
a 20  

1.56504 -7.6 20 1 
- 5 7 3 9 9 6  - 7 6  20  2 
. a12  - 0 0 4 7  2 0  3 
- 2 7  204  

TABLE 4.  L i s t i n g  o f  B a s e l i n e  S i d e  I m p a c t  I n p u t  Data  F i l e .  (Page 1 o f  3 ) .  





120 DOOR S I L L  L I N S  POOA S I L L  
1 2 1  R-PILLAR L J N E  D-PILLAR 
1 2 2  R I P  PANEL l.IWE H I P  PANEL 
1 2 3  W I N D O W  LINE H I  NnOW 
1 2 4  n O O R L I N E  DOOR 
1 2 5  PLOORLINR FLOOR 
1 2 6  SEAT C ' ISHION 1.N. S E A T  C i l S l l I O H  
127  HEADERLINE 1. 
1 2 8  DOOR Z I L L  L I N E  1. 
129  8 - P T L I  AP CIWE 1. 
1 3 0  R I P  Pl\hlEI. 1.TNE 4. 
1 3 1  PINnOW I I N R  1. 
1 3 2  n q o R L I  N E 4 . 
133  P L O O R L I  WE 1. 
134  SEAT COSHTON LN, 1. 
135  HEADERLINL -1. -10.5 
1 3 6  DOOR ST1.1, LTNR -1. - 1 5 - 5  
1 3 7  8-PTLI.AR FTUF: -1. -15.5 
138  H I P  PANEL L I N E  0. - 12 .5  
1 3 9  H I D  PANEL L I N E  5. -12.5 
140  H I P  PANPL L I R E  39-  -7.5 
1 4 1  H I P  PANEI. ~ . T N F  ion. -7.5 
1 4 2  WINDOW L I N E  - 3. -20. 
1 4 3  D O O R L I W P  0. - 1 5 - 5  
1 4 4  DOORP.INP 5. -15.5 
1 4 5  DOOHLINE 30. -10.5 
196 DOORLI WE IOU. -10.5 
1 '4 7 PLOOBLINE - 1. -22. 
1 4Q SEAT CUSHION L4.-1. -22. 
1 4 9  1. 1. 0. 
150  0. 0. 0. 0. 
15 1 (1. 1. 1. 
152 0. 0. 5. 0.5 
1 5 3  2. 0. 1. 
1 5 4  0. 0. 200. 0. 
155  2. 0. 
1 5 6  0. 0 .  znn. o. 

1000  
1001  - 1 
1002 1. 0. -40. 40. 
1003 21. 0. n. 1. 
1004 

F n n  OF P T L E  

TABLE 4 .  L i s t i n g  o f  B a s e l i n e  S ide  Impact  I n p u t  Data F i l e .  (page 3 o f  3 ) .  



5.3 PEDESTRIAN IMPACT INPUT DATA 

This par t  of the report  contains the numerical d e t a i l s  of the base- 
l i n e  MVMA 2-D pedestrian impact data s e t .  Tab1 e  5 contains the output 

of the input data s e t  a f t e r  the input f i l e  has been processed by the IN 

section of the program. Not a11 pages a r e  included. Those which a r e  
conta~in de t a i l s  of the 1  inkage, jo in t s ,  masses, i ne r t i a l  propert ies,  
conta,ct el 1 ipses ,  and program controls .  Table 6 i s  a  copy of the base- 
l i n e  data f i l e  which was constructed fo r  the exercise.  



J U N  16. 1991 10: 25: 11 PEDESTRTAN 11 -- 15 DEGREES OER. U PAGE 1-00 
3D-2D:RT IIRrl-ARM I T t J K S / L T  ARll-LIIXPSD U.T0RSO/RT 1.RG-l.YG L I N K S I L T  LEG-LOWYR T O R S O  L I N K / T O R S O - U P  AND 1 ( I D  T O R S O  L I N K S  I N P A C T  t R 0 n  RT 

S I  fi1II.ATTON CONTROL D A T l  

NO RES'PRATNT R E L T S  P R F S R N T  

F T X R O  R1lNC.E-KIITTA I R T E G R k T I O N  nCTl lOD I S  rlSl?D 

A C C R L F R I T I O N  OUP TO G R A V I T Y  3 2 . 1 7 4 0  ( P T / S F C * * 2 )  

R I  NT flUM A C C C L E R A T I O I  FiAGNITVDB 0.0 ( I N / S E C * * 2 )  OR (RAD/SEC**2) 

R F G I N N I N G  T I M E  0.0 (NSEC)  

F I N A L  T I M E  ~ O O O . O O O O O  ( n s e c )  

NrlMERTCAL I N T E G R A T I O N  S T E P  S I Z E  5 .OOOOO ( ~ S E C )  

ORTPUT P R I N T  I NCREnFHT 5 .  00000 ( n s l ? ~ )  

OUTPIJT  P L n T  T NCRERENT 5180. 00000 ( U S E C )  I F  ZERO, NO P L O T  R E C O R D I N G  

ENGI . ISI I  f I N J T S  ARE I l S R n  

S T E F R T Y G  COLURN I N T F R A C T I O N  I S  NOT n E S I R l ? D  

AIRRAG I N T E R A C T I O N  I S  NOT D E S I R E D  

F I . I . IPSF-~CLIPSE C O N T ~ C T S  S P R C I F I Y D  ON 106 cmns A R E  ALI .OWRD 

ELLTI?Sl?-RI?(;I(lN CONTACTS S P E C I F I E D  ON 106 CARDS ARE BLLOWED 

ELI. I P S F I - R L L I P S F :  CONTACT9 CAN OCCIlR 

I.RN(;Tlf O F  SChl.TNG RAMP T O  I N S I I R E  C O N T I N I I I T T  I N  COYTACT F R I C T I O N  

PPLU'I ' IVE F!aRflR T O L E F k N C E  FOR S I N l ; ~ l l . A R I T Y  I N  n k ' r R 1 X  I N V F R S I O N  S T E P  

C P I l  TIPIP 1 . l n I T  FOR F X ? ~ I l T I O N  2 ( n I N )  

TABLE 5 .  O u t p u t  of Base1 i n e  I n p u t  D a t a  S e t .  P e d e s t r i a n  I m p a c t  



JIJN 16, 19R1 10:29:11 PEOESTRIAN I1 -- 15 DLGRRLS VRR. 11 PAGE 2-00 
30-2n:RT ARR-ARR C I N K S / L T  &AM-I.IIMPED Y.?ORSO/RT LPG-1.EG I . INKS/LT LEG-l.OWRR TORSO LINK/TORSO-UP AND R I D  TORSO L I N K S  I R P L C T  FROR RT 

INTEGRATION CONTROLS 

* l % I W l l n  S T P P  TO SFAlll'if FOR BALANCE I N  S f l A P S n  I l X F L F C T l O b  0. 200 ( I N ,  

~ I N I ~ I I ~  STPP TO S F A R C H  FO!I R A I . A Y ( - E  T N  S I I A R F D  CEFLRCTION 0.020000(1N) 

MAXIMllY FORCF FOR R L C I D - R I G I D  C O N T l C T  600.00 (LB)  

I.LMEAP E 1 . l S T I T  C O P P P I C I F A T  FOB R T G I D - R I G 1 0  CONTACT 500.00 (LD/IN)  

n n x ~ n n m  N ~ I ~ B F R  OF T T E R A T I ~ N S  TO F I N D  FORCE RAI.ANCI: 30 

FRACTION O F  CURRENT HARP LFNGTH FOR VRLOCITT CHANGP I N  MOVING COATACT L I N E S  0.050 

NUMBER O F  I N T E O R A T I C l  S T E P S  FOR nAKIMllM RLMF LENGTH FOR VELOCITY C U A l G E  I N  ROVING CONTACT L I M B S  

n I N I n r l n  R A T I O  OP SHORTER T O  I.ONC.FR SEMI-RA.lOR A X I S  FOR E L L I P S E  TO BE TREATED L S  C I R C L E  

F R A C T I O N ~ L  POSITION np crnctr  C E N T R R  ALONG S E R I - N A . J ~ R  A X I S  
RELATIVE T O  P n S I T I O N  FOR CIRC1.E-PLLTPS E TANGENCY AT ENI) O F  A X I S  1,000 

T J W F  r n  -;FT r rewlr :  SYJTTIIFS ( n s r x )  

DEBIIG SWTTCH S E T T I N G  I N  HEKADPCIRIII. POCMAT 

REBIIGGING CONTROLS 

TIME TO SET DEDllG S R I T C H E S  ( R S P C )  0.0 0.0 

OERIIG SWTTCH S E T T I N G  1 N  HEXARPCIMAI. VORllAT 00000000 00000000 

RFRIIC CONTROLS ARF TO OPERATP: FOR ALL 1N'"EGRlTION FVALIJATIONS AT RICH T I M E  

TABLE 5 .  Output of Base1 i n e  Input  Data S e t .  Pedestr ian Impact (Page 2 o f  9 ) .  



0 0 0  
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0 0 0  
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m I . , * . r ~ . , - r ,  
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J r I N  16 ,  1 9 9 1  10:24:11  P E f l E S T R I A N  I 1  -- 1 5  D E G R E E S  VER, 9 PAGE 5-00 
3n-2D:RT ARn-ARM L l N K S / L T  A l l n - L l l n P E O  P . T O n S O l R T  l.E(;-LEG L I N K S / L T  LFG-I.OWER T O R S O  I.INK/TORSO-UP AND 3 I n  T O R S O  L I N K S  I M P A C T  PROU R T  

I N I T I A L  C O N O I T I O N S  FCR n P P P R  T O R S O  AND NECK 

I N I T T A I .  ( Y , Z )  COClRnlNATE O F  C E N T E R L T N E  P O I N T  NUn.1 RELIITIVT! T O  VEl4ICI.E O R I G I N  I N  ( I N )  

I N I T I A L  (X.2)  VI?l .OCITV O F  C E N T E R L I N E  P O I N T  NllM. 1 REI .ATJVE T O  Vell1CI.E O R I G I N  TI ( F T / S E C )  

I N I T T A L  NECK LPNCTH 1 8 .  f33 ( I N )  

T N I T T A L  R 4 T E  O P  E X T F N S I O N  O F  NECK 0.0 ( X N / S E C )  

I N T T I A L  SFlOlll.DER I.OCAT1ON AND V F L O C I T Y  R E L A T I V E  T O  U P P E R  T O R S O  ATTACHnENT 

I N I T I h K .  (W.2) COORDIWATRS O F  SHOIlLnER J O I N T  R E L A T I V E  T O  O P P P R  T O R S O  ATTACHMENT P O I N T  I l l  ( I l l )  ( 0.0 , 0 . 0  ) 

I N I T T A I .  ( K . 7 . )  VRl .OrITY I N  UPPER T O R S O  SYSTSM I N  ( I N / S B C )  ( 0.0 , 0.0 ) 

OCCIIPANT ACCFLFROMETSR ANO BRLT ATTACHMENT PARAMETERS 

n I S T A N C F  L I O N G  H E 4 D - N E C K  C E N r R R L T N E  TO HFAO ACCRLERORETER 3.19 ( I N )  

OISTANCI?  4LONG U P P E R  TORSO C E N T R R L I N E  T O  C l l E S T  ACCSI.EROI(ETER 2.13 (IN) 

VRHIII1.E T N I T I  AG C O N D I T I O N S  AND ACCELl?RO?lRTI!R LOCATION 

' ( X , % )  C O O R D I N A T E S  O F  V E H I C L E  ORXGIA I N  ( I N )  ( 0.0 , 0.0 ) 

T N I T l  hT. ( Y  -7 . )  VFI1ITCI.B VZLOC J T V  I N  ( F T I S E C )  ( -14.67,  0 .0  ) 

T N I T I A L  V E ~ I T C L P :  P T T C H  A N G L E  0 .0  (nac) 

I N I T I A L  VEllIC1.E P I T C l l  ANGlfI.AR VEI.OC1TV 

(x .z )  < - O O R Q T N A T F S  n v  v e l l T c I . 3  I I C - ~ : E I . E P O ~ R T E R  I N  ( I N )  

MASS OF V E H I C L E  0 .0  (T.fl!i S E C * * Z / I N )  

TABLE 5. Output of Base1 i n e  Inpu t  Data S e t .  P e d e s t r i a n  Impact (Page 5 o f  9 ) .  



10 
K 

0 r 
W 
.i 

& 
w 0 
w l n  

E 
0 
C 

ln ln 
u r  C 
L L  'a 
4 -  5 
I I  0 

M U  F 
E E 
w h l  K 

B l n w  01 
a 

K D 
0 u g 
C C 

u P 
E M 

W  L 
L D w 
D 1  i - 4 i - P 
Y v. 

01 Z r r *  
M U  C 

? E ? " F  
P Y go 2 
01 = : d d  E 2 U I  c 

u 
C 2 II I, 
e u m v r  C 
4 u w  b 

C F 
ln c a  c 
bl Z Z  15 
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5 . 4  REPRESENTATIVE SIDE IMPACT OUTPUT - 
Figures 13 t h r o u g h  15 a r e  a graphical presentation of some of the 

impor9tant kinematic and dynamic variabl es produced by the computer exer- 
c i s e  using the baseline s ide  impact data.  Figure 13 shows a sequence of 
three contacts  as the occupant in te rac t s  w i t h  the s ide  s t ruc tu res .  I t  

should be noted t ha t  s ign i f i can t  forces a r e  bu i l t  u p  in the lower torso 
( h i p )  region by 30 ms. This point would have occurred much l a t e r  with- 

out the intrusion of the door and h i p  panels. The upper torso forces 
reach t he i r  maximum a t  about 60 ms which r e f l e c t s  the f a c t  t ha t  the door 
panel i s  outboard i n  the vehicle from the h i p  panel. The l e f t  arm ( s i -  
mulating Part 572 ra ther  than dummies w i t h  col laps ible  shoulder s t ruc-  
tu res )  contacts the door a t  a much e a r l i e r  period i n  time. The head 
ro ta tes  toward the window and h i t s  s ide  s t ructures  very hard by 7 5  ins 

a f t e r  which rebound begins. 
Figure 14 shows a t r ace  of the motions of several body segments 

during the simulation. Lower torso l i nea r  motion to  the s ide  i s  r e la -  
t ive ly  small due to  the ear ly  in teract ion of the h i p  w i t h  the intruding 

h i p  panel . However, t h i s  does n o t  prevent ro ta t ion of the 1 ower 1 egs 
towarad the forward portion of the door s t ructures  which a r e  not pro- 
grammed for  in t rus ion.  The head pitches t o  the s ide  b u t  i n te rac t s  only 
w i t h  the s ide  header and B-pi l lar .  I n  cases where B-pillar in teract ion 
i s  not expected, t h i s  contact should be suppressed fo r  MVMA 2-D simula- 
tions as the B-pillar l i n e  will always be inboard from the window l i n e  
thus preventing i n i t i a l  window contact .  Also, the f a c t  t ha t  lower torso 
s ide  motion i s  1 imited due to the intrusion prohi b i t s  the head from 
movirlg too f a r  t o  the s ide .  Figure 15 i s  an assembly of Calcomp plots  
produced by the movie generation pos t-processor routines graphical l y  
documenting the kinematics jus t  discussed. 

Table 7 i s  a summary of a l l  occupant/vehicle contact in teract ions .  
The time, def lec t ion,  and force a r e  given for  i n i t i a t i on  of contact ,  
peak force ,  and the f ina l  time of a contact event. In one case i t  i s  
seen t ha t  the peak force occurs a t  the end of the simulation. For a 
fur ther  study of the output ,  including any cases of mu1 t i p 1  e peaks, i t  

i s  necessary to review the complete simulation o u t p u t .  
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F i g .  15 .  Side Impact Occupant K inemat ics .  ( 1  o f  2 ;  0 ,  20,  30 ms) 
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Fig, ,  1 5 .  S i d e  Impact Occupant Kinematics. ( 2  of  2 ;  50, 75 ,  1 0 0 m s )  
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5 .5  REPRESENTATIVE PEDESTRIAN IMPACT OUTPUT - 
Figure 16 includes a se r ies  of frames showing pedestrian kinematics 

a t  various time points during the exercise. The i n i t i a l  bumper contact 

w i t h  the r i gh t  knee segment s t a r t s  a t  35 ms, peaks a t  45 ms, and i s  over 

by 100 ms. The g r i l l e ,  g r i l l e  top, and hood also contact the pedestrian 
lower torso and r igh t  lower arm ear ly  i n  the simulation. The r igh t  u p -  

per leg also i s  observed t o  contact the l e f t  lower leg .  

The next sequence of major contacts i s  observed t o  take place as 

the upper torso rota tes  over onto the hood. Both segments of the r igh t  

arm, the upper torso ,  and the head a r e  ac t ive  in t h i s  stage of the im- 

pact. Following t h i s  the pedestrian i s  pitched upward and in f ront  of 

the moving vehicle.  

By 81 5 ms the f inal  s tage of the impact event i s  begun as the f e e t  

h i t  the ground and the body begins to collapse.  Contacts w i t h  the moving 

vehicle a re  again sensed near the end of the simulation. A three dimen- 

sional simulation would be required t o  sense whether the pedestrian rolled 

off  to the s ide  of the vehicle or  ends up  in a position where the vehicle 

can pass over him. 

Table 8 i s  a summary of a l l  pedestrian/vehicle exter ior  contacts .  

As in Table 7, the time, def lec t ion,  and  force a r e  given for  i n i t i a t i on  
of contact,  peak force and the f inal  time of each contact event. 

Figures 17 through 19 give the resul tant  accelerat ions predicted in 

the upper torso ,  head, and h i p  segment while Figures 20 through 23 report 
the time history of four important contact in teract ions .  The hip accele- 

rat ion and resul t ing contact force between the lower torso and the g r i l l e  

appear t o  provide the major i n i t i a l  force in control1 ing overall body 

kinematics. The upper torso and head accelerat ions peak a t  a l a t e r  time. 

The beading force transmitter  in t h i s  second interaction i s  the r igh t  u p -  

per arm which interacted with the hood. 

I t  was necessary to "soften" the f l ex ib le  shoulder el ernent i n  order 
to obtain a successful exercise. A to ta l  of 5 inches of shoulder j o i n t  

motion i n  the in fe r io r  direction was predicted as the subject rotated 

onto the hood (See Figure 16 a t  160 ms . )  



I t  should be noted t ha t  the force-deflect ion curves used t o  govern 
the in teract ions  between the vehicle and pedestrian a r e  hypothetical.  
In order t o  improve the qua1 i t a t i ve  agreement between the simulation and 
observed movies of experimental pedestrian impacts, both energy a bsorp- 
t ion and f r i c t i o n  were included w i t h  dramatic e f f e c t .  Before inclusion 

of these f ac to r s ,  the r e su l t s  very nearly matched the predictions ob- 
tained i n  the  e a r l i e r  project  using the HSRI version of the CAL3D model. 



F i g .  15.  P e d e s t r i a n  K inemat ics .  (1  o f  3; 0, 40, 80 m s )  
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Fig. 1 6 .  Pedestrian Kinemat i cs .  ( 2  o f  3; 120, 160, 200 ms)  
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F i g .  1 6 .  Pedestrian Kinematics. ( 3  of  3; 280, 520, 920 ms) 
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