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The objective of t h i s  study has been to provide practical  baseline 

data s e t s  to  describe a vehicle occupant in s ide  impacts and t o  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 w i t h  s ide door s t ructures .  

Experimental s tudies have u t i l i zed  both dummy and cadaver t e s t  subjects 

and a variety of vehicle types b o t h  experimental and production. Analytical 

s tudies have been conducted using both two- and three-dimensional dynamic 

occupant/pedestrian model s . 
A current project a t  HSRI, sponsored by NHTSA, includes addition of 

mutual deformation and other features to the Calspan Three Dimensional 

CVS model. The baseline data se t s  were prepared t o  work with t h i s  new 

software and t o  represent advanced prclduction vehicle design geometry. 

This report describes the base1 ine vehicle geometry in Part 2 .  The 

occupant and pedestrian along with t h e i r  contact interactions with the 

vehicle are described in Parts 3 and 4,. The baseline data se t s  and a 

sampling of the result ing computer program output are given in Part 5 .  

A summary of information about the HSFlI version of the Calspan CVS 

program i s  given in Part 6.  



2.0 THE VEHICLES 

I n  o r d e r  t o  d e f i n e  t h e  geometry o f  v e h i c l e  components w i t h  wh ich  

an occupant  m i g h t  p o s s i b l y  i n t e r a c t  d u r i n g  a  s i d e  impact  e v e n t  o r  t h e  

f r o n t  e x t e r i o r  components o f  a  v e h i c l e  i n  t h e  case o f  a  p e d e s t r i a n ,  i t  

was necessary  t o  o b t a i n  measurements f rom e x i s t i n g  v e h i c l e s .  Three 

v e h i c l e s  were s e l e c t e d  wh ich  a r e  r e p r e s e n t a t i v e  o f  t h e  most  modern 

domest ic  sma l l  c a r  p r o d u c t i o n .  

For t h e  f r o n t  e x t e r i o r  o f  each v e h i c l e ,  a t  l e a s t  t h r e e  p o i n t s  were 

measured w i t h  r e s p e c t  t o  a  common i n e r t i a l  c o o r d i n a t e  system t o  d e f i n e  

t h e  f o l l o w i n g  s u r f a c e s  a p p r o x i m a t e l y  as p lanes : 

- bumper 

- g r i l l e  

- hood 

- w i n d s h i e l d  

- r o o f  

For t h e  v e h i c l e  i n t e r i o r  t h e  f o l l o w i n g  s u r f a c e s  were a n t i c i p a t e d  t o  be 

i n v o l v e d  d u r i n g  l a t e r a l  o r  300' o b l i q u e  impac t :  

- s e a t  cush ion  

- s e a t  back 

- f r o n t  door  . s i l l  r e g i o n  ( f o o t / l o w e r  l e g  c o n t a c t )  

- door  pane l  l o w e r  r e q i o n  ( h i p  and upper l e g  c o n t a c t )  

- door  pane l  upper  r e g i o n  (head c o n t a c t )  

- window pane l  (head c o n t a c t )  

- door  header (head c o n t a c t )  

- f l o o r  ( f o o t  c o n t a c t )  

- B-p i  l l a r  (head c o n t a c t )  

Other  d a t a  were o b t a i n e d  which  wou ld  make i t  p o s s i b l e  t o  expand t h e  

s i m u l a t i o n  t o  cases o f  f r o n t a l  impac t .  

2.1. BASELINE INTERIOR FORSIDE IMPACT 

F igu res  1  and 2 i l l u s t r a t e  t h e  i n d i v i d u a l  and average b a s e l i n e  panel  

l o c a t i o n s  which fo rm t h e  b a s i s  f o r  c o n s t r u c t i o n  o f  a  s i d e  impact  da ta  s e t .  

These data  a r e  used i n  c o n s t r u c t i n g  t h e  a c t u a l  d a t a  s e t s  d e s c r i b e d  i n  

P a r t  5 o f  t h i s  r e p o r t .  







2 . 2 .  BASELINE EXTERIOR FOR PEDESTRIAN IMPACT 

F i g u r e s  3 and 4 i l l u s t r a t e  t h e  i n d i v i d u a l  and average b a s e l i n e  

panel  l o c a t i o n s  wh ich  form t h e  b a s i s  l'or a  v e h i c l e  e x t e r i o r  i n t e n d e d  

f o r  use i n  s i m u l a t i o n  o f  a  p e d e s t r i a n  a c c i d e n t  even t .  The b a s e l i n e  

l o c a t i o n  has been used i n  c o n s t r u c t i n g  t h e  a c t u a l  d a t a  s e t  d e s c r i b e d  

i n  P a r t  5 o f  t h i s  r e p o r t .  One s u r f a c e  wh ich  i s  n o t  shown i s  t h e  i n t e r -  

f ace  between t h e  g r i l l e  and hood. There was no c l e a r  d e f i n i t i o n  f o r  

such a  s u r f a c e  based on simp1 e  veh i c le !  e x t e r i o r  measurements. S e l e c t i o n  

o f  a  s u r f a c e  t o  r e p r e s e n t  t h i s  r e g i o n  was made t o  d e s c r i b e  t h e  s t i f f  

i n t e r s e c t i o n  between t h e  g r i l l e  and tkle hood. 







3.0 THE OCCUPANT A N D  PEDESTRIAN MODELS 

A survey was conducted t o  iden t i fy  sources fo r  the  most complete a n d  

recent  data s e t s  describing an occupant in a s ide  impact simulation and 

a pedestr ian.  Surprisingly 1 i  t t l  e information i s  pub1 i c l y  avai lable  

beyond the  or ig inal  work done a t  Calspan ( 1 ) .  

With respect  t o  the seated occupant, the  primary data source was 

the  sample data s e t  provided with Calspan CVS Software, Version 18-A. 

This d a t a  s e t  was used t o  ve r i fy  model function in  f ron t  impact before 

being modified s l i g h t l y  fo r  the  s ide  impact case.  The data o n  Part 

572 developed fo r  MVMA 2-D occupant modeling by Hubbard and McLeod ( 2 )  

offered some promise b u t  was r e s t r i c t e d  t o  two dimensions. Three-dimen- 

sional da ta ,  being developed a t  Calspan under an  NHTSA con t rac t ,  i s  n o t  

y e t  avai lable .  

For the  pedestrian a Calspan data s e t  modified by Karnes ( 3 )  was 

used as a s t a r t i n g  point .  These data were o r i g i n a l l y  developed a t  

General Motors and included a few changes from the  standard seated 

occupant described in the  preceding paragraph. Other than placing the 

subjec t  in  a standing pos i t ion ,  hands were present and jo in t  propert ies  

were changed. The repor ts  from a major experimental and analyt ica l  

study of pedestrian dynamics sponsored by NHTSA a t  Wayne S t a t e  Univer- 

s i t y  were not y e t  ava i l ab le .  

3.1 OCCUPANT FOR SIDE IMPACT SIMULATION 

The occupant selected fo r  the  s ide  impact simulation was e s s e n t i a l l y  

the same as t h a t  supplied with the  sample data s e t  included with Calspan 

CVS, Version 18-A. To posi t ion the  occupant in the  basel ine sea t  re-  

quired some minor ver t ica l  and horizontal adjustments in order to  assure 

equilibrium. Figure 5 shows a s ide  view of the  occupant while Figure 6 

shows a rear  view. The numerical values fo r  quan t i t i e s  such as segment 

mass, moments of i n e r t i a ,  posi t ion in space, e l l ipso id  axes, l ink  angles,  

and j o i n t  propert ies  a r e  included in Part  5 which contains the  complete 

l i s t i n g  of the output of the  input data s e t .  

3 . 2  PEDESTRIAN FOR IMPACT SIMULATION 

The two pedestrian data s e t s  which were developed on t h i s  project  

were derived largely  from the data s e t  reported by Karnes ( 3 )  of 







Boeing Computer S e r v i c e s .  I t  d e s c r i b e s  t h e  p e d e s t r i a n  as a  m o d i f i e d  

S i e r r a  292-1050-2004 as has been used i n  t h e  s i d e  impact  case d iscussed 

i n  S e c t i o n  3.1. The o n l y  d i f f e r e n c e  i s  t h e  a d d i t i o n  o f  hands t o  t h e  

l i n k a g e .  The masses and moments o f  i n e r t i a  a r e  i d e n t i c a l ,  as a r e  t h e  

j o i n t  l o c a t i o n s ,  except  f o r  t h e  h i p s  a r ~ d  shou lde rs  wh ich  a r e  s l i g h t l y  

d i f f e r e n t .  The body e l l i p s o i d  semi-ma.jor a x i s  l e n g t h s  a r e  s i m i l a r  

b u t  n o t  i d e n t i c a l  . The j o i n t s  a r e  f r e e  o f  c o n s t r a i n t s .  I t  i s  be1 i e v e d  

t h a t  t h i s  i s  due t o  t h e  f a c t  t h a t  a  purpose o f  t h e  s i m u l a t i o n  was t o  

model t h e  k inemat i cs  o f  a  cadaver w i t h  no musc le  t e n s i o n  t o  keep t h e  

body e r e c t .  

The ma jo r  a d d i t i o n  t o  t h e  da ta  s e t  was t h e  p r o v i s i o n  f o r  f r a c t u r -  

i n g  o f  t h e  l o w e r  l e g  and t h e  knee.  T h i s  was accompl ished i n  two d i f f e r -  

e n t  ways, b o t h  o f  which i n c l u d e d  an e x t r a  j o i n t  w i t h i n  t h e  s h i n  ( l o w e r  

l e g )  mass. 

The f i r s t  case a l l o w e d  a  f r a c t u r e  t o  occu r  o n l y  i n  t h e  s h i n .  I n  

o r d e r  t o  do t h i s  t h e  r i g h t  l o w e r  l e g  has been p a r t i t i o n e d  i n t o  two seg- 

ments by t h e  a d d i t i o n  o f  a  new b a l l  j o i n t  l o c a t e d  3.5 i nches  below t h e  

knee j o i n t .  T h i s  b a l l  j o i n t  was i n i t i a l l y  l o c k e d  w i t h  t h e  c a p a b i l i t y  

o f  b r e a k i n g  f r e e  under a  t o r q u e  o f  505.5 ft I b. T h i s  i s  based r o u g h l y  

on t h e  work o f  Viano ( 4 )  and Kramer ( 5 )  who r e p o r t  femur and knee f r a c -  

t u r e  l o a d s  o f  4300 and 6000 N. I f  t h i s  l o a d  i s  a p p l i e d  a t  t h e  c e n t e r  

o f  a  s i m p l y  suppor ted  beam w i t h  a  l e n g t h  o f  18 i nches ,  a  t o r q u e  o f  505.5 

f t  I b  i s  developed.  T h i s  i s  used as a  rough app rox ima t ion  o f  l ower  l e g  

b reak ing  1  oad . 
The masses and moments o f  i n e r t i a  o f  t h e  l o w e r  l e g  were then  a p p o r t i o n -  

ed t o  t h e  new upper and l o w e r  s h i n  segments. A few m ino r  m o d i f i c a t i o n s  

were made t o  some o f  t h e  body e l  l i p s o i d  a x i s  l e n g t h s  t o  e l i m i n a t e  unwant- 

ed i n t e r f e r e n c e s  between body segment e l  1  i pso ids  . 
The i n i t i a l  s t a n d i n g  p o s t u r e  o f  t h e  p e d e s t r i a n  r e p r e s e n t s  a  person 

w a l k i n g  p e r p e n d i c u l a r  t o  t h e  p a t h  o f  t h e  v e h i c l e  w i t h  131.7 pounds o f  

body w e i g h t  suppor ted  by t h e  r i g h t  foot; and 37.8 by t h e  l e f t .  F i g u r e  

7 shows t h e  l e f t  s i d e  o f  t h e  p e d e s t r i a n  w i t h  t h e  l e f t  f r o n t  o f  t h e  ve- 

h i c l e  beh ind  him. I n  F i g u r e  8 t h e  v iew  i s  t h a t  o f  t h e  back o f  t h e  

p e d e s t r i a n  w i t h  a  f r o n t - t o - r e a r  s e c t i o n  o f  t h e  v e h i c l e  p r o j e c t e d  th rough  







t h e  y - c o o r d i n a t e  o f  t h e  lower  t o r s o  c e n t e r  o f  g r a v i t y .  T h i s  s e c t i o n  i s  

on t h e  l e f t ,  o r  d r i v e r ' s ,  s i d e  o f  t h e  v e h i c l e .  

The second case a1 lows t h e  f r a c t u r e  i n  t h e  s h i n  and a l s o  a  f r a c t u r e  

a t  t h e  knee j o i n t .  T h i s  a d d i t i o n a l  f e a t u r e  i s  accompl ished by use o f  

t h e  E u l e r  j o i n , (  o p t i o n  ( f o r  wh ich c o r r e c t e d  code had been s u p p l i e d  by 

Calspan as a  p o r t i o n  o f  CVS Vers ion  1 9 ) .  Regular  b a l l  and socke t  j o i n t s  

have to rques  computed on t h e  b a s i s  o f  two ang les  - f l e x u r e  and t o r s i o n .  

The h inge  j o i n t  uses o n l y  f l e x u r e .  F i g u r e  9 shows i n i t i a l  p o s i t i o n  o f  

t h e  p e d e s t r i a n  knee j o i n t .  T h i s  E u l e r  j o i n t  has i t s  to rques  computed 

on t h e  b a s i s  o f  t h r e e  ang les  - precess ion,  n u t a t i o n ,  and s p i n .  Precess ion 

occurs  about  t h e  Z-ax is  a t  t h e  j o i n t  o f  t h e  f i r s t  segment. I n  t h i s  da ta  

s e t  i t  i s  Zu a t t a c h e d  t o  t h e  upper l e g  s i d e  o f  t h e  j o i n t .  S p i n  occurs  

about  t h e  Z-ax is  a t  t h e  j o i n t  o f  t h e  second segment which i n  t h i s  case 

i s  Ze a t t a c h e d  t o  t h e  upper s h i n  s i d e  o f  t h e  j o i n t .  N u t a t i o n  occurs  

about  an a x i s  p e r p e n d i c u l a r  t o  these two j o i n t  Z-axes. For t h e  case o f  t h e  

knee j o i n t  shown i n  F i g u r e  9, n u t a t i o n  corresponds t o  f l e x u r e  and t h e r e  

i s  no l o c k i n g  o f  t h i s  degree o f  freedom. Precess ion and s p i n ,  however, 

a r e  " u n n a t u r a l "  mot ions a t  t h i s  j o i n t .  There fo re ,  t h e y  a r e  i n i t i a l l y  

l o c k e d  w i t h  a  breakaway t o r q u e  o f  505.5 ft. 1  b. T h i s  v a l u e  c o u l d  be 

improved w i t h  d a t a  on l a t e r a l  f r a c t u r e s  o r  d i s l o c a t i o n s  a t  t h e  knee. 

A  s t u d y  shou ld  be conducted t o  compare r e s u l t s ,  c o s t  o f  o p e r a t i o n ,  and 

ease o f  da ta  p r e p a r a t i o n  f o r  t h e  severa l  model ing o p t i o n s  f o r  l o c k i n g  

" j o i n t s "  and model i ng f r a c t u r e .  

As i n  t h e  case o f  t h e  s i d e  impact  s i m u l a t i o n ,  t h e  numer ica l  v a l u e  

f o r  q u a n t i t i e s  such as segment mass, moments o f  i n e r t i a ,  p o s i t i o n  i n  

space, e l  1  i p s o i d  axes, 1  i n k  angl  es, and j o i n t  p r o p e r t i e s  a r e  i n c l u d e d  

i n  P a r t  5 wh ich c o n t a i n s  t h e  comple te  l i s t i n g  o f  t h e  o u t p u t  o f  t h e  i n p u t  

data  s e t .  



(Note: here a l l  Y-axes a re  
para17 el and into the paper) 

/ ,, Knee Joint  

a = Flexure Angle 2 

Torsion angle i s  
Yu and Ye axes; 

between resul tant  
i t  i s  i r re levant  

F i g .  9 Schematic o f  Euler Knee Joint  



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  both t he  occupant w i t h  t he  

v e h i c l e  i n t e r i o r  and t he  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 .  Occupant 

o r  pedes t r i an  e l l i p s o i d 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 o i d 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 ts  which a r e  a l lowed f o r  t h e  s i d e  impact occupant w h i l e  

Table  2 r e f e r s  t o  t h e  pedes t r ian .  

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 h e  v e h i c l e  have been d e r i v e d  

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  h y p o t h e t i c a l  es t imates chosen t o  f i l l  vo ids  i n  

ou r  comp i l a t i on  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 base1 i n e  data which should  be rep laced  

when measured data a re  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 - DEFORMTI ON CHARACTERISTICS 

F ive  d i f f e r e n t  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 a re  used t o  

d e f i n e  the p r o p e r t i e s  o f  t h e  c o n t a c t  su r 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 igure  10 i l l u s t r a t e s  t h e  cu rve  fo 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 h e  

de fo rmat ion  o f  t h e  header, f r o n t  door s i l l ,  h i p  panel r eg ion ,  and B- 

p i l l a r .  The door panel shoulder  r e g i o n  c o n t a c t  su r face  i s  modeled as a  

f i f t h  o r d e r  po lynomia l  f i t  t o  t h e  t a b l e .  The symbol "xu on F igure  10 

shows t h e  closeness o f  fit o f  t h i s  po lynomia l .  The polynomial  form i s  

used f o r  t h i s  con tac t  surface t o  a l l o w  mutual  deformat ion o f  t he  v e h i c l e  

and occupant tho rax .  These data a r e  de r i ved  from dynamic deformat 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 ecen t  s i d e  impact s imu la t i ons  by Padgaonkar and Prasad ( 6 ) .  

Because o f  a  l a c k  o f  exper imenta l  i n f o rma t i on  on t h e  header, f r o n t  door 

s i l l ,  and B - p i l l a r ,  t h e  da ta  shown i n  F igure  10 have a l s o  been se lec ted  

as h y p o t h e t i c a l  es t imates  f o r  these sur faces.  

F igure  11 shows the  r e p r e s e n t a t i  ve fo rce -de f l  e c t i o n  curve f o r  s i de  

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 

Ellipsoid Name Contact Panel on Ellipsoid Name 

Lower torso 

Lower torso 

Lower torso 

Lower torso 

Center torso 

Upper torso 

Upper torso 

Head 

Head 

Head 

Right upper 1 eg 

R i g h t  upper leg 

Right lower leg 

Right foot 

Right foot 

Left upper 1 eg 

Left upper 1 eg 

Left lower leg 

Left foot 

Left foot 

Left upper arm 

Seat back 

Seat cushion 

Flip panel 

Right lower arm 

S'eat back 

S'eat back 

Cloor 

Header 

W i ndow 

B-pi 11 a r  

Seat Cushion 

Left upper 1 eg 

Left 1 ower 1 eg 

Floor 

Left foot 

Seat cushion 

Hip panel 

Door s i l l  

Floor 

Door s i l l  

B-pi 1 1  a r  



TABLE 2 .  PEDESTRIANIVEHICLE EXTERIOR CONTACTS 

El 1 i p s o i d  Name Contact  Panel on E l  1 i p s o i d  Name 

Lower t o r s o  Winds h i  e l  d 

Lower t o r s o  Hood 

Lower t o r s o  G r i l l e  TOD 

Upper t o r s o  Roof 

Upper t o r s o  Windshie ld  

Upper t o r s o  Hood 

Head Roof 

Head Windshie ld  

Head Hood 

R igh t  upper 1 eg Hood 

R i g h t  upper 1 eg G r i l l e  

R igh t  upper l e g  G r i l l e  Top 

R igh t  upper l e g  L e f t  upper l e g  

R igh t  c a l f  Bumper 

R igh t  s h i n  Bumper 

R igh t  f o o t  Ground 

L e f t  upper 1 eg Hood 

L e f t  upper 1 eg G r i l l e  

L e f t  upper 1 eg G r i l l e  Top 

L e f t  1 ower 1 eg Bumper 

L e f t  f o o t  Ground 

R igh t  upper arm Hood 

R igh t  lower  arm Hood 

L e f t  upper arm Hood 

L e f t  lower  arm Hood 
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This i s  an idealizat ion of data presented a t  the 11 t h  Stapp Car Crash 

Conference by Siemonsen and Bruckner ( 7 ) .  I t  should be noted that 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 f ne s s .  I t  i s  

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

inch and behaves e l a s t i c a l l y  until  t h a t  deformation i s  reached. 

The f loor ,  sea t  back, and seat  cushion are  modeled as l inear  poly- 

nomial s in force and deformation. The fol l  owing coefficients  were sup- 

plied w i t h  the original frontal impact data s e t  by Calspan Corporation: 

1 .  Seat back and sea t  cushion - 40 Ib/in.  

2 .  Floor - 860 lb / in .  

4.1.1 Intrusion of Vehicle Components durinq 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 t o  the vehicle. To represent th i s  physically 

observed phenomena and t o  provide a r e a l i s t i c ,  b u t  hypothetical, example 

for the baseline exercise, the arm r e s t  and door are seen t o  begin in t ru-  

sion a t  5 ms and continue moving inward unti l  30 ms when they stop with 

respect to the remainder of the vehicle. Total intrusion i s  5 inches. 

The software i s  capable of l inear  rnot,ion, as i s  the case used in th i s  

example, and also of panel ro ta t ion.  

4.2 VEHICLE EXTERIOR FORCE-DE FORMATION CHARACTERISTICS 

Three d i f fe ren t  force-deflection character is t ic  curves are used t o  

define the properties of the seven coritact surfaces which define the 

vehicle exter ior  and ground for  pedestrian impact. All these curves are  

1 inear polynomials i n  deformation. The roof, windshield, hood, g r i l l e ,  
and bumper have a coefficient  o f  1000 l b l i n .  The ground coefficient  i s  
470 lb / in .  The g r i l l e  t o p  surface was to  be twice the average of the 

hood and g r i l l e ,  which i s  2000 lb / in .  The body e l l ipsoids  are a l l  as- 





sumed to  be r ig id .  Any contact w i t h  the  ground will  a l so  develop a tan- 

gential force to  simulate s l id ing  f r i c t i o n ,  the coeff ic ient  for  which i s  

1 .0 .  

These data a r e  incomplete and represent only hypothetical estimates 
for  the propert ies  of a vehicle ex te r io r .  The data included in the  

Boeing Computer Services report  by Karnes ( 3 )  a re  somewhat more complete 

b u t  t h e i r  sources a re  unknown. Par t icular  problems e x i s t  with specifying 
both the  s t i f f n e s s  and the energy abslorbed in the various surfaces.  Data 
from the Wayne S ta te  University project  mentioned e a r l i e r  a re  not ava i l -  
able and the "Pedestrian Model Parametric Study" reports  by Twigg and 
Tocher (8)  contain values which may be unreasonably s o f t  for  current and ad- 

vanced generation vehicles.  I t  i s  recommended tha t  the force-deformation 
data contained in t h i s  baseline be regarded as preliminary and tha t  fur- 
ther  work should be done t o  improve tlqeir 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 r e s e n t  t h e  numer i ca l  

d e t a i l s  o f  t h e  two b a s e l i n e  data  s e t s  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 e x e r c i s e s .  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  e x e r c i s e  t h e  data  s e t  o r  o b t a i n  a  copy o f  t h e  

t a p e  c o n t a i n i n g  t h e  e x e r c i s e  f rom 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  b y  f o r c i n g  

an a c c e l e r a t i o n  o f  t h e  occupant  compartment. T h i s  causes t h e  v e h i c l e  

(and i t s  c o n t a c t  s u r f a c e s )  t o  b e g i n  t o  move w i t h  r e s p e c t  t o  i n e r t i a l  coor -  

d i n a t e s .  Superimposed upon t h i s  movement i s  t h e  p r e s c r i b e d  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 e s p e c t  t o  t h e  v e h i c l e  c o o r d i n a t e  

system. The occupant,  i n i t i a l l y  a t  r e s t  w i t h  r e s p e c t  t o  b o t h  i n e r t i a l  

and v e h i c l e  c o o r d i n a t e  systems, i s  c a r r i e d  a l o n g  b y  t h e  v e h i c l e  mo t ions  

t h r o u g h  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  su r 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 h e  v e h i c l e  i s  shown g r a p h i c a l l y  i n  

F i g u r e  1 3. 

The p e d e s t r i a n  impact  i s  i n i t i a t e d  b y  p r e s c r i b i n g  mo t ions  f o r  t h e  

v e h i c l e  c o n t a c t  s u r f a c e s  wh ich  a r e  g i v e n  an i n i t i a l  v e l o c i t y  o f  10 mph and 

m a i n t a i n  t h i s  non-s top v e l o c i t y  t h r o u g h o u t  t h e  s i m u l a t i o n .  The " v e h i c l e  

c o o r d i n a t e  system" remains m o t i o n l e s s  and c o i n c i d e n t  w i t h  t h e  i n e r t i a l  

c o o r d i n a t e  system th roughou t  t h e  s i m u l a t i o n .  I n  o t h e r  words, s i m u l a t i o n  

o f  v e h i c l e  mo t ions  i s  accompl ished by  moving t h e  v e h i c l e  c o n t a c t  s u r -  

faces as a u n i t  w i t h  r e s p e c t  t o  t h e  m o t i o n l e s s  " v e h i c l e  c o o r d i n a t e  system." 

I t  shou ld  be n o t e d  t h a t  no m o t i o n  was p r e s c r i b e d  f o r  t h e  c o n t a c t  s u r f a c e  

r e p r e s e n t i n g  t h e  ground. The reason f o r  t h i s  unconven t iona l  approach t o  

v e h i c l e  m o t i o n  was t o  assu re  t h a t  t h e  program o u t p u t  o f  p e d e s t r i a n  mo t ions  

would be r e l a t i v e  t o  i n e r t i a l  r a t h e r  t h a n  v e h i c l e  c o o r d i n a t e s ,  an o p t i o n  

wh ich  was n o t  a v a i l a b l e  w i t h  t h e  Calspan CVS a t  t h e  t i m e  work s t a r t e d  on 

t h e  base1 i n e  s i m u l a t i o n s .  





5 . 2  SIDE IMPACT INPUT DATA 

T h i s  p a r t  o f  t h e  r e p o r t  c o n t a i n s  t h e  numer ica l  d e t a i l s  o f  t h e  

b a s e l i n e  s i d e  impact  d a t a  s e t .  Tab le  4 c o n t a i n s  t h e  computer-generated 

o u t p u t  o f  t h e  i n p u t  data  s e t .  Tab le  3 i s  a  summary o f  t h e  c o n t e n t s  

o f  t h i s  t a b l e  t o  enab le  t h e  reader  t o  q u i c k l y  f i n d  data  q u a n t i t i e s  

o f  i n t e r e s t .  Tab le  5 i s  a  copy o f  t h e  b a s e l i n e  data  f i l e  wh ich  was 

c o n s t r u c t e d  f o r  t h e  e x e r c i s e .  



TABLE 3. CONTENTS OF OUTPUT OF INPUT TABLE (SIDE IMPACT) 

3 1 B.4,B.5 1 J o i n t  t o r q u e  c h a r a c t e r i s t i c s .  

I n p u t  Q u a n t i t i e s  

Contirol  s  

Page i n  T a b l e  4 

1  

B.2,B.3 

Segment i n t e g r a t i o n  convergence t e s t  
i n p u t .  

V e h i c l e  1  i n e a r  t i m e  h i s t o r i e s .  

Data Card I . D .  

A  

Occupant mass and i n e r t i a l  p r o p e r t i e s .  

J o i n t  d e f i n i t i o n s  . 

6  I C I V e h i c l e  a n g u l a r  t i m e  h i s t o r i e s .  

L o c a t i o n  o f  c o n t a c t  p l a n e s .  

E l  1 i p s o i d  semiaxes and o r i  e n t a t i o n  

8 I D.7 I Symmetry i n p u t  

8 1 D.9 .A I M a t e r i a l  normal f o r c e  s p e c i f i c a t i o n s .  
E.5.A-E.5.C. 

11 I F . l  I A l l owed  c o n t a c t s  

B i v a r i a t e  p o l y n o m i a l  s p e c i f i c a t i o n s  
f o r  f o r c e  g e n e r a t i o n  

E .5 .D-E .5  .F,E.6 B i v a r i a t e  t a b l e  s p e c i f i c a t i o n s  f o r  
f o r c e  g e n e r a t i o n  

G . l  , G . 2 ,  G.3 I n i t i a l  P o s i t i o n s  







E d 2 2  
> c  ~ ~ $ o y ~ o ~ G G ~ c ~ O  . . . . .  in c - u  

0 Z + - &  C 3 0 0 O C O G 0 1 C O C ~ ;  
0: - i n w  
Q L L 1 3  
U Y U 

C w i n  
i n -  - C 
d 
W 
C 

- . - . * 4 - - X ' 3  
' U L  





F d  ii 
chi 0 
Z I  c 

C 

r5 
C, 
r5 
c'. 



> 
Z 
C 
? - 
r 

c c c p r  c c c c ~ ~ c c p o ~ ~ c p c ~  b . . . . . . . . . . . . .  . . x 7 
3 S O C ; S C C t c C  t C = c C C C t 2 t  

D 
P 
C 
r 
r 
r, - ,. 
B 
7 

C ~ C C C C C ~  C C C ~ C C C C C C C C ~  - . . . . . . . . . . . . . . . . . . . . .  < t  
C t C C C C C C  C C C C C C C ~ C C C C C  L 

L' 



C 
I n .  
w 0 

0 
m .  U O C C  

m . . . ,  
u C  N O C C C  

C C O C  
m . . . ,  
w e 0 0 0  

3 3 - C m - " C 
0 

0 
C C C 0 

c c a z  2 0 C C  
3 3 '! t 0 C C C ,  

c O c - ? C  
m c C C 0 m 0 3 0 0  0 cn m ln 

O O C C  
*.i. m .  rn e m * m u r m l n m  

> 0 > %I 
m a  n . . . .  

> 0 > N 
* . i o . . .  

rl 1u rl rl 
r N >. ln 

N - F m L - = C  
.I rl l @  

> N N i - h  

I  I I 4 - 1  I 
I l l 1  I I 

9 0 
'2 

C) 
3 

0 2 7 3 3 ? ? U ' "  

I1 J I1 0 II I1 m I1 C3 44'35 
11 o 11 ~ 3 3 ~  11 ? c n =  

rn M .  

3 *.?*.- 
d I i I .u = I LLI 4 - i d 4 d u I I I I I  UJ 1 1 1 1  

d i 

3 3 3 c 

-? .7 A 3 
i . . . .  

* S i n 3 3  
+ d - d r r (  

I I I I  





o o q c  
d d o d  

- a m -  
* -  - -  
. I * .  

c l a c  









- - 
0 
o - 4 N m  . - * a  m  m @ m  Inpa ? ? q ? ? ? ?  
N ~ 0 ~ 0 0 0 ~ 0 0 ~ U ~ N ~ ~ ~ ~ O N O N ~ L n O N ~ ~ O  

c 0 9 N N d m d m * * * r * * * . r o * e * o t o * * e * e * * b e  * m m m m n  4 
o e s o *  e m ~ e n ~ - u - ~ o ~ o m o m o c n + ~ - ~ ~ m ~ ~ - ~ ~ n ~ a ~ a ~ ~  O N  m 
o - u r n o o m - d n d * d ~ d -  * e v + e  * o *  

e e- ON-00-OOOOQO 
I I I I I 1  I I 1 - 1  @ * * * p , ,  

3 Y  :d : I 
. . a , * * * *  a * . *  * a *  0 0 0 0 0 0 0 0 0 0 0  * O O O $ ,  

3 5 4 3 ~ . 3 3 0 ¶ 4 3 3 5 ¶ 3 3 3  -. o ? .? . 9  .? .? , 3  * ? .  , . . ,? a ? . .  .7?Rm02a 
cL 

O * o o o o o o o o o a  O ~ O  - O ~ O Q O - O ~ O U O ~ O * C J ~ - ~  
0 3 9 (0 9 rh o ~h g ~n a * - - d  

C 
I * I I I I I 1 1 m  * 5 0 0 4 ?  z In- 0 * u *  . * 

u G *  N n o ~ o o o - o  o o n 0  o o m 0  o o o ~ r n n m a  

C 
0 4' * . . . . . . . . . . . . . . . . . . . . . . . . . . . .  J * - m ~ m m ~ ~ a e ~ ~ ~ o - o ~ o - ~ o o ~ ~ ~ ~ ~ o o ~ - ~ o ~ ~ ~ ~ ~ o ~  u a ?  Z m u - n * - o * * o * e a m a m r  1 

a 4 C  0 d m ~ 0 m c  U O - J O ~ N ~ N  
I 

0 a 0 * . . a * * * * * * * * . * * *  e e e @ In In r * 0 l ~ O ~ O O o O ~ o O o O O o O ~ ~ ~ ~ ~ ? ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  - O O ' W  
? 8 E  N O N O N O - O N O g 0 m 0 N 0 9 0 ~ 0 ~ O i n O - o M O O O O o " I O ~  

Y  I I I I  I I . * * a  I 

0 0 0  m L n Y \ n & n o f -  
I * O  4  Kf In m N N Q I n " l  
V) d o  . . m m ? .? . ?  * ? ? ?  .? , 4 7 9  .? * ? ? ?  , 3 3 2  . ?  
.u - LI In e h  a++ Q ~ I n U n O 3 O O O O O O U o O O O O ~ O O O O O ~ O O O ~ O O 3  
Z 4 - ~ N N U I A N * - N * ~ Q ~ ~ ~ ~  I I - 0 In I n h m m O N k * O b . t o d N - N  

0 d * , . a * * . * * . * * *  3 ? 9 3 ? 9 9  S f d ~ o ~ a s ~ o o o o o o o ~ o o a e o o ~ - ~  o 0 - 3  Q o r n o  a.0 .------- 
In 0 * * . * . . * . . * * .  I . * . * . . . * * . * . * * .  
4 ~ ~ ~ ~ ~ ~ o ~ Y ~ ? o ~ ~ N ~ o ~ J o ~ ~ ~ O O ~ O ~  

-0 
O 3  - 3 0  

I l l  I I 

I 
" 9 3 3 4 9 9  mv+ o r a e m r - @ m r - a , s m * ~  nr N N o -r N 3 LI N N -r u * 

- 0  * a  1 n e n 9 - 0 ~ ~ 0 ~ n r m 9 m a 1  I I I 
0 * O ) @ ~ O ~ + I A N ~ L ~ N N  N O  ' I I m r n m m m * d  

0 a 5  o - * N N - N M ~ - - O - Q $ ~ *  N N N N N I ~ ~  
o w 3 ~ u ~ m a ~ n a c t n ~ c m ~ m ~ ~  N m  u - a c 4 cn 2 m N m  u ~ e ~ e  * -  

m o v + ~ m O ~ * ~ o u - o - - - ~  4 rl v + .  . * 0  .- 
* 0 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?  0 0 0 0 0 9 N  

m 0 9 9 9 9 3 - 5  
(C d -  ~ m * r n ~ - a c m ~ a m ~ a w ~ ~  o z r o x ~n c 2 > L x * N 
C 
s * 3 i d  -4 4 4 4 4  - : s z :  
4 5 -  * c C  > 4 & > d & > d > d  y 4 = 5 4 V) W V) u 6 * * * 3 5 0  ?; 4 U ~ Z x ~ u d d d u 4 i  s 4 ? a . . d CZ a O O c -  * I 
m  N N d N  



m o m  m m m  

4 d d - 4 d d 4 - 4 - M d - d  0 
q q o o o q q o o q q o o o o  

. . a  Q .  a * . .  
3 1 9 9 1 9 3 5 - a 3 9  1 3 1 3  L 

O...*....a b . . . . . . . . . .  h .r 
~ ~ ~ ~ o o ~ o o o d o o o o o ~ o o o o o  F 

- lddrld-+d4d-rld. . l -r  0 
o o q o o o q q o o o q q o o  al 

0 .  @ . Q  . . V) 
a * .  

000000000000000 5 
0 0 





7 7 -- [ G l i -  . -..dcR - - 
8 8 0 RIG111 F O O l  
9 9 0 L E F T  U P P t R  L E G  

1 0  1 0  0 L E F T  LUWER L E G  
11 1 1  0 L E F T  F O O l  
1 2  1 2  O R I G H T  UPPER ARM 
1 3  1 3  O R I G H T  LOWER ARM 
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TABLE 5 .  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 4 o f  6 )  
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5.3 PEDESTRIAN IMPACT INPUT DATA 

T h i s  p a r t  o f  t h e  r e p o r t  c o n t a i n s  t h e  numer i ca l  d e t a i l s  o f  t h e  

b a s e l i n e  p e d e s t r i a n  impact  d a t a  s e t .  Tab le  7 c o n t a i n s  t h e  computer- 

genera ted o u t p u t  o f  t h e  i n p u t  da ta  s e t .  T a b l e  6 i s  a  summary o f  t h e  

c o n t e n t s  o f  t h i s  t a b l e .  Tab le  8 i s  a  copy o f  t h e  base l  i n e  data  f i l e  

which was c o n s t r u c t e d  f o r  t h i s  e x e r c i s e .  

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

Segment i n t e g r a t i o n  convergence t e s t  
i n p u t .  

V e h i c l e  1  i n e a r  and a n g u l a r  t i m e  h i s t o r i e s .  

L o c a t i o n  o f  c o n t a c t  p lanes . 
E l 1  i p s o i d  semiaxes and o r i e n t a t i o n  

Symmetry i n p u t  

M a t e r i a l  normal f o r c e  s p e c i f i c a t i o n s .  

I D.9.B 1 M a t e r i a l  t a n g e n t i a l  f o r c e  s p e c i f i c a t i o n s .  

I n p u t  Q u a n t i t i e s  

C o n t r o l  s  

Occupant mass and i n e r t i a l  p r o p e r t i e s .  

J o i n t  d e f i n i t i o n s .  

J o i n t  t o r q u e  c h a r a c t e r i s t i c s .  

Page i n  T a b l e  7 
1  

2  

3  

Data Card I . D .  

A  

B.2,B.3 

B.4,B.5 

1 F . l  I A l l owed  c o n t a c t s  

I E.5.A-E.5. t 
I 

/ G.lYG.2,G.3 / I n i t i a l  p o s i t i o n s  

B i v a r i a t e  po l ynomia l  s p e c i f i c a t i o n s  f o r  
f o r c e  g e n e r a t i o n  

The Tab les  6-8 have d e s c r i b e d  t h e  p e d e s t r i a n  da ta  s e t  f o r  t h e  case o f  

a  s imp le  h i n g e  knee. Scze m o d i f i c a t i o n s  were necessary  t o  s i m u l a t e  t h e  

h i n g e  knee w i t h  t h e  c a p a b i l i t y  o f  breakage u s i n g  t h e  E u l e r  j o i n t  o p t i o n  

as was d i scussed  i n  P a r t  3.2. Changes were necessary  t o  t h e  B.3, B.4,  and 

B.5 ca rds .  T a b l e  9 c o n t a i n s  t h e  new o r  changed l i n e s  (marked w i t h  an 

a s t e r i s k )  i n  t h e  da ta  l i s t i n g  sur rounded by unchanged l i n e s  f o r  comparison 

w i t h  Tab le  8. 







U 
4 -v- C C O C O O O C C C C O C O C C F  
a 7 - m  * ~ ~ . ~ ~ o l e ~ ~ . o e l  5 C ~ ~ Q C ~ O C ~ O O C ~ C O O O  - + = -  
U o u -  

e  + = 
r i m -  
1 ' 

k =, 

be' 
c u  * 
f Y E  
C U 





c: 
c = ' 1 3  C C  

u C c  r ,  
L L A -  0 3  - C 
u C 
C1 





O C d C  
I . , .  

c c o e  

'I- 

F 

al 
v, 
6 
m 







2 
C ~ * ~ P C ' o C O ~ U m Q O t - W O C  C O C O C 3 0 0 0 C 0 0 ? t 3 C g 5  C 
~ ~ e ~ c a ~ C m ~ ~ c ~ - ~ f - ~ m m ~  0 0 0 3 0 3 0 ~ 0 0 C 0 0 0 0 C - ~  LL 
Q ~ ~ ~ ~ L ~ S O O ~ N J ~ U N W ~ C ~  ~ O ~ O O c O ~ O O o C O O ~ ~ ~ t  
% c 9 e n - ~ ~ m ~ 0 n ~ ~ ? C u r n ~ -  O O C 0 3 6 0 3 0 0 3 3 2 3 ~  I- 
h ~ F ' T * m d 3 & d U ~ L ~ ~ J ~ * Q  1 ~ o ~ d O ~ C ~ C 1 C 3 c O ~ ~ ~ ~  U 

'I- 

F 

aJ 
v, 
5 
m 



- U . l I A G d Q G P  LT 
L ~ O E S ~ ~ ~ ~ ~ ~ C ~ C ~ C N ~ ~ C Q C P I ' ~ ~ ~ C C N ~  

- O N  ' U d  d ~ @ * I O ~ * * I ~ ~ * ~ . * , P I . I ~ I ~ , * ~ ~ ~  
p $ C Z U b m * D m J  * h ' C i O ' " = * < > ' - O - O  t O 4 3 c C h c r O f i ~ 1 q S l r L ~  

- u ~ c o ~ - o - - ~ n ~ ~ ~ ~ ~ ~ - ~  I  1 9 1 1 I I I < I C I V  
+ - ~ ~ N - 3 0 0 ' 0 3 0 0 0 C 0 0  

* *  O * O * . D t . *  
I I 

0 
4 3 + 3 3 3 3 3 ; 9 2 7 , 3 , 3 3 ,  , , '3 '3 3 3 '> 1) 3 

I *  * I t . .  0 0 . .  * * , 0 1 . - ,  . . I . .  . 
~ O C O C ~ 3 0 0 0 0 C O O O C O O O c O ~ C 3 ~ n o C  

9 P 9 - .* 

L - IL 0 3 'Ye3 0 .: * 3 m -  - 3 0 "  m 
3 - - 3 .*Oh 3.9 * . ?  0 . .  * . *  * * 0  I . ? .  * * ;  .: *:f? .:?: 

3 C = 3 3 0 3 3 Y 0 3 c 3 0 C ¶ Y C 0 2 C O 2 ~ C 3 ~ 3  - l = = h h C z : $ d 7 h * P ? 3  9 1 
2 ' h I m 3 ? J h C - J ? L  e 3 d N d Y d d  > a  5 . l l , . l l . * . . . . . o * . o  - * - C N 3 0 3 = 0 3 ~ C 5 ~ C ? 3 0 3 C 3 L ~ 3 ~ 3 7 : > O O  C C S  3 3 C  C 3 = 9  = C C  

i 0 -  - * * 8 O ~ B * + * * ~ e * * * * e * e ~ # ~ t ~ * s e +  
d ~ - 9 5 C 0 ? 0 ~ ~ O C 9 3 2 3 5 5 ~ ¶ 3 3 0 ~ 3 d 3  

3 X '3 C 
P 9 Z  

I  I I 

e?. S L T C L T ~ ~ P ~ ~ S Y E Y ~ I Y  Y N  ru 2 d .rl hf 0 3 Y h 4 

P U L ~ S ~ C ~ ~ ? N O N + ~ ~ O ~ O C O  1 1 I 1 - 7 9  ' 8  b c e + c - b 3 . * ~ h ~ ~ r u ~ b & h m a  
I I  I I I I  - - ~3 3 - P ~ r u d h - C - - d b d ~ h S c - -  - - -  .L h . + & ~ 3 g ~ ? m ~ ~ t n D + " ~ ~ ~ t n ~ ? d  N *. q 4 5 b = d 5 d e I 

3 2  rn Z ? & e 3 + 4 * s d z . * - a - o - = = o  -. 4 d - -  0 0  o C C ~ C 0 3 C q O C C c C C O C C  
i = 3  . I ,  , 1 1 1  . * * . . * . e ,  

ru i Y  
: b- 

E - ~ e F w - c - - P e Q E U O Y A * J = L  2 Z r 3 g 7 b4 C 3 > I X * 
d 

aJ 
s 
'I- 



= C ) 3  
I . .  



* * * . * , * , . . .  
' 3 C C t C O C C C "  

ill LL iF , I k- , .- 
.N I .  . d .  , L ' r .  
0 1 O C O  ! =.a. 1 I 

= O S S C C c - - - C C C q \ C i  . . * . . . C ? Y * C C P  L ? @ '  
a ; c c < c ,  . . a  I . . , , . .  

m c ~ . - e ~ n ~ ~ ~ h ~ ~ ~  



* * , 1 1 * ,  

C = 3 c o e e  
C  & 

, I .  
. , . * ' I ,  C C C  
e c o o o c n ' l  

3 
u-t 0 
f g * r , . . C  0 
* = S D C 3 0  4 , I .  

0 0 0  
0 

B t * . * * .  

C C 0 0 " C C  

0  . 
3 

I , - . I . ,  . t *  

C O C 9 C 3 ?  c 9 3  
C 

: : tz<-b  
. 1 1 1 ~ 1 .  

rn C L ' S ~ " W C  . .c 
e u d o c  

g C d . - ' J N h  
t . . . . * . O C d C  

- 1 4 - 4 - 4  

5% * ~ ~ ~ 3 + ; ~ ? o ~ t ~ ;  
- - d h - - d  

r r ~ r  o - h a  
- 2 2 z z s z  - I 1 1  - - E Z C Z Z ~ ~ _ O  , * 

4 - 1 0  - E Z : E , ,  5 " c - 3 2 3 3 = 1 3 z  Z - :L u 
- - - - - - a  - 5 c  
==L,e C Z C  0 

2 O r ? - -  - - _ -  - = =: - 1 - 1 0  
3 3 c 3 = 0 =  a$J :  c ' c c ~ ~ ~ ~ O ~ ~ N ~ C ~ - Y ~ ~ ~ C ~ C - ~ - L P - ~ . L ~ ~ ~ ~ - - ~ - C - ~ -  

M 0 - C  - - 
w 1 ~ ~ 3 - m  c s 3 * 0 I 
- I - - - - -  - N 

0 - ~ h  -. r d r d ~ ~ r m - u m r m a g c g ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ - - \ h * C ~ -  
rYY.-L'-.\cbC U - r r - N N N F m a  d d d - - - d 1 - 4 -  
- - - . - - - -  





'I- 

t' 
V) 

a- 



Q I *  3 
09 r 

3 3 4-4 
C . .  

m o o  
rV . * 0300 

* a * *  
d * a 0 3  O O Q O  

D O 9  l 
0001 

4 



5 . 4  REPRESENTATIVE SIDE IMPACT OUTPUT 

Figures 14 and 15 are a graphical presentation of some of the 
important kinematic variables produced by the computer exercise using 
the base1 ine side impact data. Figure 14 shows the major contact w i t h  

the side structures a t  approximately 70 ms. By this  time the space between 
the occupant and the side structures are used u p .  An additional major 
contact i s  noted a t  approximately 30 ms for the lower torso. This i s  

caused by the intrusion of the lower door contact panel into the occu- 
pant compartment. This intrusion uses u p  the "slack" between the 
occupant and the side structures a t  an ear l ie r  point in time indicating 
the sensi t ivi ty  of phasing of occupant contact with side structures t o  

intrusion. 

Figure 1 5  shows a trace of the motions of several body segments 
during the simulation. Lower torso excursion i s  relatively small due 
t o  the early interaction with side structures. The head pitches t o  the 
side b u t  interacts only w i t h  the side header and B-pillar in this  simu- 
lation. The fact that lower torso motion i s  limited prohibits the head 
from moving too far  t o  the side. 

Table 1 0  i s  a summary of a l l  occupant/vehicle contact interactions. 
The time, deflection, and force are given for ini t ia t ion of contact, peak 
force, and the final time of a contact event. In some cases i t  i s  seen 
that the peak force occurs a t  the end of the simulation. For a further 
study of the output, including cases of multiple peaks such as occurs 
for the lower torso, i t  i s  necessary t o  review the complete simulation 
o u t p u t .  



Time (MS) 

F i g .  14  Body Segment Accelerat ions.  Side Impact 







5.5 REPRESENTATIVE PEDESTRIAN IMPACT OUTPUT 

F igu re  16 i nc l udes  a  s e r i e s  o f  frames showing pedes t r i an  k inemat ics  

a t  va r ious  t ime  p o i n t s  d u r i n g  t h e  exerc ise .  The i n i t i a l  bumper con tac t  

w i t h  t h e  lower  r i g h t  l e g  segments s t a r t s  a t  20 m i l l i s e c o n d s  and i s  over  

by  30 m i l l i s e c o n d s .  The g r i l l e ,  g r i l l e  t o p  and hood c o n t a c t  w i t h  t he  

r i g h t  upper l e g  and lower  t o r s o  s t a r t s  a t  55  m i l l i s e c o n d s  and i s  over  by 

70 m i l  1  iseconds. The pedes t r i an  remai ns e s s e n t i a l l y  u p r i g h t  throughout  

t he  t ime  o f  i n i t i a l  c o n t a c t  invo lvement  w i t h  t h e  v e h i c l e  and f o r  a  l o n g  

t ime t h e r e a f t e r .  

Table 11 i s  a  summary o f  a l l  pedes t r i an / veh i c l e  e x t e r i o r  con tac ts .  

As i n  Table 10, t h e  t ime,  d e f l e c t i o n  and f o r c e  a r e  g iven f o r  i n i t i a t i o n  

o f  con tac t ,  peak f o r c e  and t h e  f i n a l  t ime  o f  each con tac t  event .  Peak 

loads  on the  lower  l e g  a r e  somewhat i n  excess o f  human t o l e rance  values 

f o r  l e g  f r a c t u r e .  I t  i s  n o t  known how t h e  va lues compare w i t h  fo rces  

necessary t o  f r a c t u r e  t h e  l e g  o f  a  P a r t  572. 

F igures 17-22 a r e  p l o t s  o f  t h e  G- leve ls  p r e d i c t e d  i n  severa l  o f  t he  

body segments. Genera l l y  t h e  phasi  ng o f  peak acce le ra t i ons  progresses 

from t h e  i n i t i a l  l e g  con tac t s  up through t he  head. 

I t  shou ld  be no ted  t h a t  t h e  t o r s o  segments, t h e  head, and t he  neck 

opera te  as a  s i n g l e  mass u n i t .  The j o i n t s  connect ing these masses were 

1  ocked w i t h  no un l  oc k i  nrj to rque  p r o v i  ded. Th i s  c o n t r i b u t e s  t o  t h e  con- 

t i n u i n g  u p r i g h t  p o s i t i o n  o f  t he  t o r s o  d u r i n g  much o f  t h e  run.  The add i -  

t i o n  o f  r e a l i s t i c  f l e x i b i l i t y  t o  t he  sp ine  would decrease t h i s  e f f e c t .  

I t  shou ld  a l s o  be no ted  t h a t  t h e  f o r c e - d e f l e c t i o n  curves used t o  

govern t h e  i n t e r a c t i o n s  between t h e  v e h i c l e  and pedes t r i an  a r e  hypothe- 

t i c a l  and do n o t  account f o r  abso rp t i on  o f  energy. Th is  tends t o  i n -  

crease t h e  energy i n p u t  t o  t h e  lower  e x t r e m i t i e s  beyond what would nor -  

m a l l y  be expected i n  a  more r e a l i s t i c  s imu la t i on .  

I n  concl  usion, t h e  data s e t  f o r  s i m u l a t i o n  o f  a  pedes t r i an  i n t e r -  

a c t i n g  w i t h  t h e  f r o n t  o f  a  v e h i c l e  i s  complete and f u n c t i o n a l .  The l oca -  

t i o n  and shape o f  v e h i c l e  sur faces represen ts  p robab ly  t h e  n o s t  advanced 

i n f o r m a t i o n  a v a i l a b l e .  L i kew ise ,  p o s i t i o n  i s  based on human wa lk ing  pos- 

t u r e  and a  t y p i c a l  impact s i t e  bo th  f rom t h e  v i ewpo in t  o f  t he  v e h i c l e  



and the  p e d e s t r i a n .  The l e g  f r a c t u r e  model i s  t o t a l l y  new. The two 

shortcomings i n  t h e  data  s e t  r e l a t e  t o  v e h i c l e  de fo rma t ion  p r o p e r t i e s  

and s p e c i f i c a t i o n  o f  j o i n t  p r o p e r t i e s  i n  t h e  p e d e s t r i a n .  W i t h i n  t h e  

da ta  framework a l r e a d y  e s t a b l i s h e d  i t  shou ld  n o t  be d i f f i c u l t  t o  improve 

these  q u a n t i t i e s  when a p p l i c a t i o n  t o  r e a l  v e h i c l e  problems i s  r e q u i r e d .  



F i g .  1 6 .  Pedestrian Kinematics. ( 1  o f  3; 0, 2 q ,  40 ms) 

7 0 



F i g .  1 G .  Pedestrian K i n e m a t i c s .  ( 2  o f  3; 60, 30, 100 m s )  

7 1 



F i g .  16 .  Pedestrian K i n e m a t i c s .  ( 2  o f  3; 200, 500, 1000 m s )  

7 2 
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6.0 THE HSRI VERSION OF THE CALSPAN CVS 

The HSRI version of the Calspan CVS has been and i s  being developed 
under nHTLl! Contract No. DOT-HS-7-01659, "Occupant Side Impact Simu- 

la t ions  Using CVS Program." The two sections of Part 6 describe the 

changes which have been made and the s ta tus  of the code. 

6.1 MO DI FI CATIONS TO OR1 GINAL CALSPAN CVS PROGRAM 

Several major and minor changes have been made to  the original 

Calspan CVS program, Version 18-A, w i t h  some corrections being added 
from l a t e r  Calspan issues.  The most important changes have t o  do w i t h  

the addition of mutual force-deformation properties fo r  two contacting 

elements ( e l l  ipsoid/panel or  el 1 ipsoid/el l  ipsoid) and dynamic force- 
deflection re la t ions .  The concept of mutual deformation of contacting 

elements i s  drawn from e a r l i e r  two- and three-dimensional modeling e f fo r t s  

a t  HSRI such as the MVMA 2-D model. 

Figure 2 3  i l l u s t r a t e s  the means which has been coded for handling 

mu1 t i p l e  dynamic force-deflection curves in the new CVS. I t  i s  f i r s t  

presumed tha t  the ra te  of force application and deformation d u r i n g  a 

djnamic event ( o r  computer simulation) i s  unknown ahead of time. In order 

to cope with th i s  problem, i t  i s  necessary t o  have a description of 

material response under a range of dynamic loading conditions included as 

data with t h e o ~ e r a t i n g  program. A ser ies  of curves for  d i f fe ren t  speci- 

men loading and unloading ra tes  may be available from an experimental 

program. Bivariate loading and unloading tables  are  the mechanism used 

to accomplish t h i s .  For the case of loading (t6) a se r ies  of curves are  

i n p u t  a t  various loading ra tes .  A s imi lar  ser ies  i s  shown for material 
unloading ( - 6 ) .  The software interpolates through t h i s  load-unload space 

t o  se lec t  that  force-deformation curve which actual ly  occurs based on 

the space of known material response data. Crosses on the curves hint  
a t  our recommendat ion fo r  manual intervention o r  simp1 i f icat ion of 

experimental curves. The software has been tested and i s  functioning 
properly for  t r i a l  cases. I t  remains to validate i t  with real experimental 
data . 
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Input data from s t ruc tu ra l  material t e s t s .  

Figure 2 3 .  



Force discontinuit ies a t  the edge of contact surfaces received 
considerable a t tent ion in order t o  include features of the MVMA 2-D 

software such as a t rans i t ion zone as an e l l ipso id  s l ides  off  the edge 

and a penetration l imi t  t o  avoid large forces when an e l l ipso id  s t a r t s  

o u t  behind a contact surface. Figure 2 4  i l l u s t r a t e s  the means by which 

corner intersections of surfaces are  handled i n  the new simulation. In 

the Calspan CVS a l l  contact surfaces were independent of one another. 
As a resu l t  i t  was very easy for an e l l  ipsoid to go "behind" a surface. 
This i s  par t icular ly  true for  the case of pedestrian impact. Bri t ish 

Leyland modified the CVS t o  avoid th i s  problem and generated forces as 

shown in the upper of the two sketches. The MVMA 2-D model had a further 

capabil i ty of adjusting the force direction for a corner impact. Aspects 

of the Bri t i sh  Leyland and HSRI concepts were combined for a new 3-D 
corner simulation for  use w i t h  the HSRI version of the CVS. 

Several additional changes should also be mentioned. As has been 
described e a r l i e r  i n  t h i s  report ,  moving contact surfaces w i t h  respect 

to a vehicle ( o r  i n e r t i a l )  coordinate system have been added t o  f a c i l i -  

t a t e  the study o f  intrusion.  Code corrections have been made to the 
e l l ipso id  versus e l l ipsoid  contact int12raction so that  one may n o t  

"pass through" the other. To f a c i l i t a t e  studies of s ide ,  oblique, and 
general six-dimens ional deceleration events the software was modified 

t o  ease the burden of the user in se t t ing  u p  vehicle geometry i n  

strange coordinate systems. Final ly more output categories were provided 
for useful physical quanti t ies and for kinematics in ine r t i a l  coordinates. 

Table 1 2  br ief ly  summarizes the quantity of code which i s  new t o  
the HSRI version of the Cal span CVS. There are  24 new routines. Most 
of these deal w i t h  the contact between surfaces and e l l ipso ids ,  the 

generation of mutual deformation of surfaces,  and the incl usion of 
dynamic deflection ra te  terms. Major changes re fe r  to changes of approxi- 
mately two-thirds of the code while minor changes involve one-third. "No" 
changes indicates that  the only changes were i n  dimension s ize  and array 

names. I t  i s  estimated that  approximately one th i rd  of the code i s  new. 
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TABLE 12. CVS CODE CHANGES 

- N e w r o u t i n e s  - 24 

- Ma jo r  changes - 6 

- Some changes - 10 

- " N o n c h a n g e s  - 72 

6.2 STATUS OF SOFTWARE 

The so f tware  which has been used i n  t h i s  p r o j e c t  i s  f u n c t i o n a l  and 

appears t o  o p e r a t e  c o r r e c t l y  on t h e  base1 i n e  data  s e t s .  Formal documen- 

t a t i o n  o f  t h e  a l g o r i t h m s  w i l l  be i n i t i a t e d  i n  e a r l y  1981. Only  a  sumnary 

i n p u t  d e s c r i p t i o n  f o r  t h e  v a r i o u s  data  cards has been d e l i v e r e d  t o  t h e  

sponsor.  The o r i g i n a l  c o n t r a c t  on which t h i s  s o f t w a r e  was developed was 

scheduled f o r  comple t ion,  i n c l u d i n g  development o f  documentat ion and de- 

1  i v e r y  o f  tapes,  a t  t h e  end o f  1979. That  schedule  was i n  e f f e c t  as we 

i n i t i a t e d  t h i s  MVMA p r o j e c t .  However, t h e  sponsor reques ted  m o d i f i c a t i o n s  

o f  HSRI work e f f o r t s  i n  o r d e r  t o  c o n c e n t r a t e  on development o f  a  s i d e  im- 

p a c t  dummy tho rax .  T h i s  has de layed  comp le t ion  o f  t h e  documentat ion t o  

t h e  c u r r e n t  e s t i m a t e  o f  mid-1981. 
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