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' T h i s  l e t t e r  descr ibes the work t h a t  has been done under 
Order No. DTNH22-87-P-02088, *S tudy ,o f  D i f fe rences  i n  Hybr id  
I 1 1  Dummy's Chest De f l ec t i ons  Due t o  Three- and Two-Point B e l t  
Loadinqs." Under t h i s  Order, UMTRI has adapted tho Hybr id I 1 1  
dummy's chest d e f l e c t i o n  c h a r a c t e r i s t i c s  t o  the  MVMA2D crash 
v i c t i m  s imu la t ion  program and performed par rmet r i c  s t ud ies  t o  
determine how chest d e f l e c t i o n  o f  two-point and three-point  
be l t - r es t r a i ned  dummies are  a f f ec ted  by b e l t  p roper t i es ,  seat  
cushion geometry and s t i f f n e s s ,  f l o o r  board and knee cushion 
locat ions .  

DATA RESOURCES -------------- 
Four i n fo rmat ion  sources ware used i n  developing t h e  data 

se ts  f o r  t h i s  study. The f i r s t  o f  there  was used t o  
ob ta i n  veh i c l e  i n t e r i o r  geometric data. The Volkswagen Rabbi t  
veh i c l e  i n t e r i o r , '  occupant posture, H-point locat ion ,  and 
two-point b e l t  geometry were obtained from prev ious  work 
conducted a t  UMTRI repor ted  i n  nOiomechanical f iccident 
I n v e s t i g a t i o n  Methodology." Th is  repor t ,  authored by D. H. 
Robbins, J. W. Melvin. D. Fa Huelke, and Ha W. Sherman, was 
the output  from a p r o j e c t  sponsored by  MVMA t h a t  was completed 
i n  1903. The vehic1.m data  were obtained from seat ing  package 
drawings supp l ied  by Volkowagen of  America. They were used 
i n  the  successfu l  recons t ruc t ion  of an o f f se t  head-on crash 
between a 1979 B lazer  and a 1980 VW Rabbit.  Both occupants 
o f  the  Rabbit  were wearing automatic shoulder b e l t s .  

The second data source was used t o  rep lace t he  human data 
used i n  the  acc ident  recons t ruc t ion  w i t h  Hybr id  I 1 1  parameters. 
The source f o r  t h e  Hybr id  I11 parameters i n  MVMA2D format was 
a data se t  prov ided by General Motors t o  NHTSA f o r  qeneral  use. 

The t h i r d  data source was used t o  rep lace the  veh i c l e  
dece le ra t ion  est imated f o r  the  crash recons t ruc t ion  mentioned 
above. The new b a r r i e r  crash pu lse  t h a t  was used was obtained 
a t  TRC. 

The fou r th ,  and f i n a l ,  data source prov ided upsraded 
advanced three-dimensional b e l t  geometry developed from 
concepts used i n  a recent  study conducted f o r  indust ry .  



METHOD FOR DETERMINING CHEST DEFORMATION ........................................ 
F igures  1 and 2 show the  geometry o f  the  model which i s  

used t o  es t imate  chest d e f l e c t i o n  from MVMAZD s imu la t i on  
output .  Two c o n f i g u r a t i o n s  o f  the  t o r s o  b e l t  c ross ing  t h e  
chest a re  shown i n  F i g u r e  1. The f i r s t  ( s o l i d  l i n e )  i s  the  
pa th  over the  chest f o r  t he  MVNA2D s imu la t ion .  Th is  r e f l e c t s  
the f a c t  t h a t  t he  b e l t  i s  a t tached t o  p o i n t s  on ' t h e  chest 
which cannot move w i t h  respect  t o  the  chest cen ter  o f  g r a v i t y .  
The second (do t ted  l i n e )  shows the  path the  b e l t  would take 
over the t o r s o  i f  chest d e f l e c t i o n  i s  al lowed. The displacement 
a t  t h e  top o f  t he  chest i s  shown t o  be d i f f e r e n t  from the  
displacement a t  the  bottom. I n  o rde r  f o r  dummy k inemat ics 
p r e d i c t e d  by the  MVMAZD model t o  match t e s t  data t h a t  inc ludes  
Hybr id  I 1 1  chest d e f ~ ~ m a t i o n ,  i t  i s  necessary t o  reduce b e l t  
s t i f f n e s s  f o r  t he  computer s i m u l a t i o n  t o  a l l o w  more b e l t  s t r e t c h  
f o r  the  same app l i ed  force.  

F igure  2 shows d e t a i l s  o f  b e l t  and chest deformat ion and 
the  e f f e c t  o f  app l i ed  f o r c e s  on both. The upper and lower 
b e l t s  as w e l l  a s  the chest a re  shown as f r e e  bodies. E longat ion 
o f  a l l  b e l t s  inc ludes  t h e  e f f e c t s  o f  the  app l i ed  fo rces  on the  
upper and lower sect ions.  An a d d i t i o n a l  e longat ion  i s  inc luded 
f o r  the  MVMA2D model s i m u l a t i o n  t o  take i n t o  account the  e f f e c t  
of  chest d e f l e c t i o n .  Th is  a d d i t i o n a l  e longat ion  e f f e c t  depends 
on bo th  b e l t  angle and the d e f l e c t i o n  a t  the  top and bottom a+ 
the chest.  The assumption has been made t h a t  the  d i f f e r e n c e  
i n  b e l t  angle i s  smal l  between the  MVMA2D and t e s t  cond i t ions .  
D i f f e r e n t  s t i f f n e s s e s  have been assigned t o  the top and bottom 
o f  the chest t o  t e s t  the  hypothes is  t h a t  Hybr id  111 dummy chest 
d e f l e c t i o n  may have more than one degree o f  freedom ( a t  a 
minimum, r o t a t i o n a l  as w e l l  as u n i a x i a l  mot ion) .  

The geometric model t h a t  has been presented can now be 
used t o  develop a method f o r  us ing  the unmodif ied MVWf42D model 
t o  p r e d i c t  d i f f e r e n t i a l  chest d e f l e c t i o n s .  The f i r s t  step i s  
t o  make a major assumption t h a t  both b e l t  and chest s t i++nesses  
can be modeled by l i n e a r  sp r ings  as i s  done i n  the  f o l l o w i n g  
s i m p l i s t i c  ana lys is .  The b e l t  f o r c e  components normal t o  the  
chest a re  r e l a t e d  t o  the displacements a t  i t s  top, bottom, 
and center  by the  equations, 
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where he is t he  o v e r a l l  chest  s t i f f n e s s .  I f  t he  compliances 
a t  the  top and bot tom o f  t h e  chest  a re  the  same, 

Note from F i g u r e  2 t h a t  t h e  MVMA2D b e l t  e l onga t i on  e f f e c t  due 
t o  chest  d e f l e c t i o n  can be expressed i n  terms o f  chest  
d e f l e c t i o n  as, 

The f o r c e - d e f l e c t i o n  equa t ions  can now be w r i t t e n .  

I n  terms o f  e i therq  b e l t  f o r ce ,  o r  d e f l e c t i o n  i n  t he  b e l t ,  
thev can be r e w r i t t e n  as. 

These s i m p l i s t i c  equa t ions  i l l u s t r a t e  t he  i n t e r a c t i n g  e f f e c t s  
o f  chest  s t i f f n e s s , .  b e l t  angle, and b e l t  p r o p e r t i e s  f o r  q i ven  
b e l t  fo rces.  ' I f  b e l t  ang le  i s  zero, then t h e  e n t i r e  b e l t  
f o r c e  i s  app l i ed  t o  ches t  deformat ion.  As t he  b e l t  ang le  
increases toward 90 degrees, t h e  e f f e c t  becomes less .  Di f ferq-  
ent  b e l t  angles a t  t h e  top and bot tom o f  t h e  ches t  can c l e a r l v  
have a majot- e f f e c t  on t he  loads  t h a t  a r e  a p p l i e d  t o  the  chest  
and the  ches t  d e f l e c t i o n s  which r e s u l t .  

Equat ions 2 p r o v i d e  t h e  i n f o r m a t i o n  needed t o  compute 
t h e  amount o f  s t r a i n  t h a t  must be added t o  the  HVMA2D b e l t  
l enq ths  f o r  i n c l u s i o n  o f  t h e  e f f e c t  o f  Hybrid I11  chest  
d e f l e c t i o n .  

FT = 



These equations define belt stiffness adjustments that include 
@+Sects of chcst deflection, belt anqle, and belt lensth. 
Belt anqle and length are known from the test setup geometry. 
The equations ar-e used to compute the eSfects o+ shared 
deflection between the belt and the chest for inclusion in 
the input data +or the MVMAZD model (Cards 710 and 711, fields 
8 and 9 to define the material names, and cards 704-709 to 
define material properties). 

Chest stiffness is based on post-test dummy calibration 
thorax impact data from the TRC Volkswagen Rabbit barrier 
impact mentioned earlier. Assuming a linear force-deflection 
curve, the chest stiffness is about 418 pounds/inch (5413.8 
newtons maximum resistive force and 6.39 centimeters maximum 
deflection from the test) until geometric restrictions to 
motion are generated. Because of the "clavicle", only a 
small amount of deflection at the top o+ the chest beyond 
about 2.2 inches can take place. At the bottom of the chest, 
bottoming out begins to occur at about 3.25 inches. Beyond 
the points at which bottoming out is assumed to occur, a 
stiffness value of 12750 paunds/inch is chosen on the basis 
of data obtained from industry sources. So, up to a point, 
the bottom of the chest is more compliant than the top. 

Equations 1 can be rewritten for use in estimating 
chest deflections from MVMAZD model output. 

Belt angle, belt farce,. and chest stiffness are all known. 
Maximum values of belt angles and forces are obtained from 
the MVMA2D output while dif#erent chest stifSnesses ape used 
for the top and bottom of the chest. A short proqram in 
BASIC was written to compute the deflections from the MVMA2D 
O L L ~ P U ~ .  

A final comment should b e  made about an assumption made 
in this analysis which is clearly illustrated in Figure 2. 
The computations are based on forces and deflections normal 
to the surface of the chest. The drawing cor*rectly shows a 
surface line of the chest which is not normal to either 
de+lection or Sorce. The results will be most accurate when 
the torso is essentially upr-iqht during the application of 
ct-ash loads. The predictions usinq this analvsis are intended 
to show performance tt-ends rather than quantitative results. 
To determine the accuracy of the prlocedurqe, v.alidation a g a i n s t  
experimental results will be required. 



MATRIX OF COMPUTER RUNS ....................... 
Parameter s tud ies  have been conducted t o  determine how 

chest d e f l e c t i o n  o f  two-point and three-point  b e l t - r e s t r a i n e d  
dummies are  a f f e c t e d  by b e l t  p roper t i es ,  seat cushion geometry 
and s t i f f n e s s ,  as w e l l  as f l o o r  board and knee b o l s t e r  
l oca t i ons .  The f o l l o w i n g  v a r i a t i o n s  t o  the base l i ne  
two-point and three-point  b e l t  data s e t s  have been made: 

- Knee b o l s t e r  moved 2 inches toward the  f r o n t  o f  
the veh ic le .  Knee b o l s t e r  moved 1.85 inches 
toward the  occupant t o  almost touch the knees. 

- Toeboard moved 4 inches towapd the  f r o n t  o f  the  
veh ic le .  

- Knee b o l s t e r  moved 2 inches toward the  f r o n t  o f  
the  v e h i c l e  and toeboard moved 4 inches towapd 
the f r o n t  of the veh ic le .  

- Upper to rso  b e l t  anchor moved 4 inches toward 
the  r e a r  o f  the vehic le .  

- Lower t o r s o  b e l t  anchor ( l a p  b e l t  i n  the case 
o f  the three-point  b e l t )  moved 4 inches toward 
the r e a r  o f  the  v e h i c l e  and moved 4 inches 
toward the  f r o n t  o f  the vehic le .  

- Both upper and lower* b e l t  anchors moved 4 inches 
toward the  r e a r  o f  the v e h i c l e  

- H e l t  s t i ' f f n e s s  reduced by a f a c t o r  o f  0 . 5  

- Seat cushion s t i f f n e s s  reduced by a f a c t o r  o f  0.5 

- Seat cushion f r i c t i o n  s e t  t o  1.0 

- B e l t  s lack  increased t o  3.5 inches 

The base l ine  data s e t s  a re  inc luded as Appendices A and b a t  
the end o f  t h i s  l e t t e r  repor t .  



SUMMARY OF RESULTS ------------------ 
Tables 1 through 4 a re  a summary o f  t he  r e s u l t s  obtained, 

$1-om the computer runs. A t o t a l  o f  44 computer runs were 
made. The e a r l i e s t  and most t ime consuminq were those 
conducted w h i l e  assernbl i n g  data f rom the va r ious  data resourcss 
discussed p rev ious l y .  A t o t a l  o f  26 computer runs are  included 
i n  the t a b l e s .  A codinq f o r  the va r ious  runs i s  g iven as 
fo l l ows :  

- 2 P t  Base. The base l i ne  run fop the  two-point 
pass ive b e l t  system. 

- Rols+2. The e n t i r e  b o l s t e r  s t r u c t u r e  i s  moved 
forward 2 inches. 

- Bols-1.85. The e n t i r e  b o l s t e r  s t r u c t u r e  i s  moved 
t o  n e a r l y  touch the occupant 's knees. 

- UT Anch-4. The anchor i n  the  v e h i c l e  f o r  the  
upper t o r s o  b e l t  i s  moved 4 i'nches t o  the rear. 

- LT Anch-4. For the two-point b e l t ,  the  anchor i n  
the  v e h i c l e  f o r  the lower s e c t i o n  of the  tot-so 
b e l t  i s  moved 4 inches t o  the  rea r .  For  the 
three-point  b e l t ,  the  anchor i n  the  v e h i c l e  +or- 
the s t a l k  i s  moved 4 inches t o  the  rea r .  

- LT Anch+4. Same as above except anchor i s  moved 
toward the  f r o n t  o f  the  veh ic le .  

- UThLT 4-4. Both b e l t  anchors a re  moved 4 inches 
toward the  r e a r  0 4  the veh ic le .  

- B e l t  Kw.5. The b e l t  s t i f S n e s s  curve i s  reduced 
by a f a c t o r  o f  0.5. 

- Slack=9.5. B e l t  s lack  i n  the var ious  seqments 
i s  increased from 1 inch  t o  3.5 inches. 

- Toebo (a) rd+4. The e n t i r e  toeboard stt-uc tctre i s  
moved 4 inches toward the  f r o n t  o f  the, veh ic le .  

- SC K w . 5 .  The seat cushion s t i f f n e s s  curve is 
reduced b y  a factor4 o f  ( : ) . 5 .  

- SC Ftq i c= l .  The seat cushion f r i c t i o n  coefficient 
i s  increased from 0.2 t o  I.(:). 

- Eol+2, TB+4. The bols ter -  and toeboat-d are moved 
toward the f r o n t  o f  the  v e h i c l e  b y  2 lnches and 
4 inches respec t i ve l v .  



Table 1. Summary of H ip  Motion, Femur Load, Chest 
Dece le ra t ion ,  and Chest D e f l e c t i o n  Output 
(Two-point belts). 

1 V a r i a t i o n  1 H ip  X 1 H i p  Z 1 Femur 1 Chest 1 Upper 1 Lower 1 
I 1 ( i n )  1 ( i n )  1 l oad  1 G ' s  1 chest  1 Chest 1 
I I I 
I I I ( 1 b )  1 1 d e f l .  1 defl. 1 
I 1 I I 1 ( i n )  1 ( i n )  1 

1-----------1-------1-------;-------1-------1-------;-------; 
1 UT&LT A-4 1 6.32 1 1.05 1 4068 1 5 5 . 6  1 2.52 1 3.35 1 
1-----------1-------;-------1-------;-------;-------1-------1 
1 B e l t  K w . 5  1 6.59 1 1.22 1 4179 1 50.0 1 2.44 1 5.30 1 



Table 2. Summarv of Hip Motion, Femur Load, Chest 
Deceleration, and Chest Deflection Output 
(Three-point Be1 ts) . 

1 Variation 1 Hip X I Hip Z 1 Femur 1 Chest 1 Upper 1 Lower 1 
I 
I 1 (in) 1 (in) 1 load 1 G's I chest 1 chest 1 
I I I 
I I ( lb), 1 1 def 1. I def 1.. 1 
I I I I I 
I I I 1 (in) I (in) I 

1 3 P t  Base 1 5 . 6 2  f 2.10 1 3119 1 47.6 I 2.39 1 2 .88  1 

1 Belt KS.5 1 6 . 0 6  1 1.78 1 3587 f 38.1 1 2.31 1 2.21 1 



Table 3. Summary o f  Belt  Output (Two-point b e l t s ) .  

:----------------------------------------------------------; 
1 Variation 1 Up B e l t  1 Up Belt  1 L o  Belt  1 L o  Belt  1 
I I 
I I L o a d  1 Angle I L o a d  1 Angle 
I 1 (pounds) I (degrees) 1 ( p o u n d s )  I (deqrees) 1 
I I 8 I I I 

;------------1----------;-----------1----------;-----------1 
I .  

1 2 P t  Base 1 2661 1 14.44 1 2022 1 51.71 I 

1 1 I 
- --- 

I - I 

1 B0ls+2 1 3079 1 14.03 t 2340 1 50.51 I 

;------------;----------I-----------;----------I-----------; 
I Bols-1.BS 1 2388 1 15.35 1 1815 1 53-13 I 1 

;------------1----------(-------------1----------1-----------; 

1 UT Anch-4 1 2520 1 12.18 1 1915 1 51.82 I 

;------------1----------;-----------;----------1-----------; 
I LT  Anch-4 1 2714 1 14.74 1 2062 1 44.90 I I 

;------------I----------' ,-----------I----------;-----------; 
I LT Anch+4 1 2946 1 13.99 1 1935 1 59.92 I 

;------------1----------;-----------I----------!-----------l 

1 UT&LT. A-4 1 2569 1 12.38 I 1952 1 44.95 8 

;------------;----------;-----------;----------;-----------; 
1 Belt K + . S  1 2059 1 13.42 1 1565 1 49.57 I 

)------------;----------;-----------;----------;-----------f 
I Slack~J.5 1 2372 1 12.78 1 1803 1 48.68 I I 

1------------;----------;-----------;----------;-----------; 

I Toeboard+4 1 2658 . 1 14.44 1 2020 1 51.75 I 

1------------1----------1-----------1----------1-----------1 
1 SC K*O. 5 1 2676 1 15.48 1 2094 1 50.24 1 I 

;____-_---__-1_---------;-II-I---I--~----------;-----------~ 

1 SC F=1.0 1 2716 1 13.95 1 2064 I 52.19 I I 

;------------;----------;-----------;--------.--;-----------; 

1 B01+2, TB+4 I 3073 1 14.00 1 2333 I 50.58 t 

;------------]----------I-----------;----------I-----------; 



Table  4 .  Summary o f  B e l t  O u t p u t  (Tht -ee -po in t  Belts). 

1______________-_------------------------------------------l 

I V a r i a t i o n  1 Up B e l t  I UP B e l t  I Lo B e l t  I Lo Belt 1 
1 I 
I 1 Load I A n g l e  1 Load I A n g l e  I 

I 
I 1 ( p o u n d s )  I ( d e q r e e s )  I ( p o u n d s )  1 (degrees)  I 

[----------I-----------;------------------; 1 ------------' 
I 1 I I I I 

I 3 P t  Base 1 1777 1 15.13 1 1351 1 61.79 I 

;------------;----------I-------------1----------;-----------1 

1 Elols+2  1 2192 1 14.93 1 1666 f 61.32 I 

;------------;----------;---------:---;----------;-----------; 
1 B e l t  K*0.5 1 1196 1 13.89 1 909 1 57.35 I 

;------------;----------;-----------;----------;-----------; 



OBSERVATIONS ------------ 
The f o l l o w i n g  s i x  ou tpu t  parameters were inc luded  i n  the  

r e s u l t s  g i ven  i n  Tables 1 - 4: 

- Hip mot ion - B e l t  loads - Chest d e f l e c t i o n  ( t o p  and bottom) 
- Knee loads  - B e l t  ang les - Chest G 's  

Observat ions o f ' t h e  e f f e c t s  o f  t he  v a r i o u s  parameter v a r i a t i o n s  
on these q u a n t i t i e s  f o l l o w .  

1. Hip motion. The X-motion o f  t he  h i p  i s  t he  sma l l es t  
when the  b o l s t e r  i s  p o s i t i o n e d  c l o s e s t  t o  t he  knees. L ikewise,  
i t  i s  t h e  1arqes.t when t h e  b o l s t e r  i s  l oca ted  f u r t h e s t  away. 
Conversely, t h e  2-motion i s  g r e a t e s t  when the  b o l s t e r  i s  
c l o s e s t ,  and a lso,  when t h e  seat  cushion i s  s o f t e s t .  The 
h i p  X-motion i s  g r e a t e r  f o r  two-point systems than i t  i s  f o r  
th ree-po in t  systems. The converse i s  t r u e  f o r  2-motion. 

' 2. B e l t  loads. Torso b e l t  loads a re  l a r g e s t  when t h e  
b o l s t e r  i s  p o s i t i o n e d  the  f u r t h e s t  from the  knees.   his i s  
due t o  t h e  f a c t  t h a t  t he  ches t  beg ins t o  absorb enersv be+ore 
the  knees. Torso b e l t  l oads  a r e  lower when the  b o l s t e r  i s  
c l o s e s t  and when b e l t  s l a c k  i s  g rea tes t .  The reason + o r  
improved performance w i t h  an inc rease  i n  b e l t  s l ack  i n  t h i s  
case i s  the  improved phasinq o f  loads a p p l i e d  t o  t h e  t o r s o  
and h i p .  The sma l l es t  loads  a r e  a p p l i e d  i n  t he  case o f  the  
sma l l es t  b e l t  s t i f f n e s s .  Loads i n  the  two-point  b e l t  systems 
a re  l a r q e r  than those i n  t he  th ree-po in t  b e l t  system. 

3. Chest d e f l e c t i o n s .  Chest d e f l e c t i o n s  a re  l a r g e r  for* 
t h e  two-point  b e l t  systems than they a r e  f o r  t h e  th ree-po in t  
b e l t  systems a t  bo th  t h e  top and the  bot tom o f  t he  chest .  
.Lower chest  d e f l e c t i o n  va lues  a r e  s i m i l a r  t o ,  o r  l a r g e r  than, 
upper chest  d e f l e c t i o n  va lues  f o r  th ree-po in t  b e l t  load ing.  
Th i s  depends on b o l s t e r  and lower b e l t  anchor l o c a t i o n s .  
Forward b e l t  anchor l o c a t i o n s  and b o l s t e r s  p o s i t i o n e d  c l o s e  
t o  t he  knees r e s u l t  i n  d e f l e c t i o n s  a t  t he  bot tom o f  t h e  chest  
which at*e s i m i l a r  i n  va lue  t o  those a t  t he  top o f  t he  chest .  
I n  a l l  cases w i t h  t he  two-point  b e l t  system, t he  d e f l e c t i o n  
a t  the  bot tom o f  the  chest  is s i g n i f i c a n t l y  l a r g e r  than t h a t  
a t  t h e  top.  Th is  e f f e c t  i s  accentuated by t he  b l o c k i n g  e f f e c t  
o i  the  c l a v i c l e  s t r ~ t c t u r e  i n  the  Hybr id  111 aga ins t  an 
i nc rease  o f  b e l t  ang le  as t he  dummy moves forward. 

4. \:::nee loads. Knee loads a re  s i g n i f i c a n t l y  lower- for- 
t he  tht-ee-point  b e l t  systems because the  b e l t s  absorb a 
s i g n i f  i c a n t  p o r t i o n  o+ t h e  crash l oad ing  on the  occupant. 



5 .  B e l t  angles. The s i g n i f i c a n t l y  l a r g e r  angle o f  the 
lower t o r s o  element i n  the  two-point b e l t  system r e s u l t s  i n  a 
l a r g e r  f o r c e  component narmal t o  the  sur face o f  the  chest 
than i s  the case w i t h  the three-point  b e l t  systems. 

6. Chest G-loading. Chest G's a r e  l a r g e r  f o r  two-point 
b e l t s .  Th is  r e f l e c t s  the l a r g e r  loads which a re  appl ied.  
The lowest loads are  f o r  the  case o f  b e l t s  w i t h  +educed 
s t i f f n e s s  p roper t i es .  The l a r g e s t  loads occur when there  is 
a t ime de lay  befope the  occupant i n t e r a c t s  w i t h  the  veh ic le .  
I n  these cases, the  b o l s t e r  is f u r t h e r  from the knees o r  
t he re  i s  s lack  i n  the b e l t  system. 



APPENDIX A ---------- 

TWO-POINT BELT SYSTEM 
BASELINE DATA SET 



DOTVY3 
1. 0 .  32.174 0 .  
3 .  0. 0 .  0 .  
FOOT FLOOR 
CHE ST STEERING W E E L  
CHEST SEATBACK 
MIO-IORSO STEERINQ M E E L  
H I P  CUSHION 
ULEQ CUSHION 
LARY STEERINQ UHEEL 
YIO-TORSO SEATBACK 
HE A 0  ROOF 
LARM I N S T .  PANEL 
HEAD STEERINQ W E E L  
ULEO BOLSTER 
S I S H I N  , BOLSTER 
S 2 S H I N  BOLSTER 
S 3 S H I N  BOLSTER 
HEAD 1NST.PANEL 
HEAD W I M S H I E L D  
0. 1. 1. 0. 
0 .  0. 0 .  0. 
I. 1. 0 .  0. 
0. 0. 0. 0. 
0. 0. 0 .  0. 

HYBRID 3 O U U V  
.477 11.573 5.108 3.722 
1.883 6.165 2 -55  1.306 
.0288 .OBI) .032(1 .me4  
.253 1.917 4 2  1.286 
44.236 123.861 0 .  .398 12 
44.136 123.861 0. .398 12 
884.72 0. 0 .  .6098 1 
802.4729-7.6207S.1943356.69981 
84.40663-4.80841.10522680. 
0. 28.915 0. 0. 
24.391710. .00645400. 
12.lB1430. .00645400. 
4566.32 0. 0. 37. 101 
684.95 0. 0. 8.0767 
4.061 13.271 0. . 1106 
4.061 17.617 0. . On3 1 
-15.1 -11.2 -14.2 -30. 
1.898 6.3 0. 
HEAD 
CHEST CHESTMAT 
SLOR 
MID-TORSO CHESTYAT 
H I P  
ULEG 
KNEE 
S l S H I N  
S 2 S H I N  
S 3 S H I N  
FOOT 
J A Y  
UARY 
ELBOW 





L l o t t n g  of DOTVW31 s t  1 7 : 3 8 : 4 1  on FEB 4 .  ( 9 8 8  for CCld-SWLN on U h  

STEERINO WHEEL 
FLOOR 
1NST.PANEL 
BOLSTER 
WlWOSHlELD 
CUSHION 
SEATBACK 
ROOF 
STEERINQ WHEEL 
MATFL 
MATDASH 
MATBOL 
MATYD 
MATCH 
MATSB 
MA TRF 
MATSTW 
MATFL 
MATOASH 
MATBOL 
MATYO 
MATCH 
MATSB 
MATRF 
MATSTY 
FLGR -1. 
FLGR -1. 
DASHGR -1. 
DASHGR -1. 
BOLGR -1. 
BOLGR -1. 
WDGR -1. 
W G R  -1. 
CHGR -1. 
CHGR -1. 
SBGR - 1 .  
SBQR - 1 .  
RFGR - 1 .  
RFGR -1. 
STWGR -1. 
STYGR -1. 
FLSTAT - 1 .  
DASHSTAT-1. 
BOLSTAT 0. 
BOLSTAT 6. 
WDSTAT -1. 
CH5TAT - 1 .  
SBSTAT -1. 
STYSTAT 0 .  
STYSTAT .I 
STWSTAT . 4 9  
STYSTAT .51 
STYSTAT . 7 5  
STYSTAT 1.6 
STYSTAT 2 . 4  
STYSTAT 3 . 9  
STYSTAT 8. 
STWSTAT 10. 

1. 1 .  
0. 
0. 
0. 
0. 
0 .  
0. 
0. 
0. 
2000 .  2 4 0 0 .  
2 0 0 0 .  0. 
2 0 0 0 .  0. 
2 0 0 0 .  0. 
2 0 0 0 .  0.. 
2 0 0 0 .  0. 
2 0 0 0 .  0. 
2 0 0 0 .  0. 
FLSTAT INERZ 
DASHSTATINERZ 
BOLSTAT INERZ 
YOSTAT INERZ 
CHSTAT INERZ 
SBSTAT INERZ 
RFSTAT INERZ 
STYSTAT INERZ 

8000. 
0. 
0. 
0 .  
0. 
0. 
0. 
0. 
FLGR 
DASHOR 
BOLQR 
W O R  
CHGR 
SBGR 
RFQR 
STWOR 



DOTVW31 a t  1 7 : 3 8 : 4 1  on FEB 4. 

RFSTAT 0. 0. 
RFSTAT 2 .  9000. 
RFSTAT 3 .  1 3 0 0 0 .  
INERZ - 1 .  0. 
FLOOR FLOOR 
TOEBOARD FLOOR 
BOLSTERD BOLSTER 
MIOOLEDH 1NST.PANEL 
UPPEROH INS1.PANEL 
WINOSHIELD W1N)SHIELD 
CUSHION CUIHIW 
SEATBACK SEATBACK 
ROOF ROOF 
STEERINO M E E L  STEERINO WHEEL 
FLOOR 1. 
TOEBOARO 1 .  
BOLSTER0 1. 
MIODLEDH 1. 
UPPERDH 1. 
W I M S H I E L D  1. 
CUSHION 1. 
SEATBACK 1. 
ROOF I. 
STEERINO m E E L  1. 
FLOOR - 1. -15. 
TOEBOARO -1. 2 0 . 7  
BOLSTER0 - 1 .  17.6 
M IDDLEOH - 1 .  18.7 
UPPERDM - 1. 21.1 
W I M S H I E L D  - 1. 31. 
CUSHION - 1 .  -8 .  
SEATBACK - 1 .  - 3 . 4  
ROOF - 1 .  16 .  
STEERING WHEEL -1. 0 . 7  
I. 1. 0. 
1. 2 .  . 7  
1. 3 .  . 2  0. 
I. 4. . 8 . 15 
1.  5 .  I. 
1. 6. I. 
CRASH 4 4 . 5  FT/SEC 
0. 4 4 . 6  0. 0. 
1 7 .  1 .  0. 
0. 0. 5. -1. 
3 0 .  - 2 3 .  35. -13. 
55. -30. 60. -10. 
90. - 1 2 .  SS. -3.  
200.  0. 
PASSIVE TORSO B E L T  
B E L T  0. 0. 
BELT 2 0 .  0. 
BLTGR - 1 .  .05 
BLTGR - 1 .  -95 
BLTST 0. 0. 
B L T S T  . 0 3 3  1000. 
BLTST . I 2 5  2 5 0 0 .  
BLTST . 3  7 4  16. 
B I N E R Z  -1. 0. 

1 9 8 8  for CC1d-SWLN on UM 

0. 1 0 0 0 .  2 0 0 0 .  0. 0. 
0. . B L T S l  B I N E R Z  BLTOR 





APPENDIX B ---------- 

THREE-POINT BELT SYSTEM 
BASELINE DATA SET 





of OOTVY4 st  2 2 : 1 2 ; l 2  on FEE 4. I 9 8 8  for  

LARM 
HAND EC3MAT 
HE A 0  . 2 7 6  
CHEST - 1 . 2 9 8  
SLDR - 5 . 1 8 7  
MID-TORSO - 2 . 0 4 7  
H I P  .a66 
ULEG - . 3 9 4  
KNEE 6.683 
S I S H I N  - 4  - 6 4 6  
S 2 S H I N  - . 2 8 7  
S 3 S H I N  3. S 7 5  
FOOT 6.111 
J A Y  3 . 9 3 7  
UARM - 1 .636 
ELBOW S . 0 3 8  
LARM - . 0 7 8 7  
HAND 6.338 
CHESTMAT . 1 @ 6 9  
CHESTMAT 3 3 . 7  
CHESTQR 0.  0. 
CHESTGR .3B4 . 2  
CHESTGR .a66 . 2 7 5  
CHESTQR I . 5 7 6  . 2 7 5  
CHESTGR 2 . 7 6 6  . 3 5 7  
CHESTGR 0 .  1. 
CHESTGR . 3 9 4  . 4 8  
CHESTGR .a66 .356 
CHESTGR 1 . 6 7 5  .a51 
CHESTGR 2 . 7 5 6  
CHESTST 0 .  0. 
CHESTST . 3 9 4  1191. 
CHESTS1 .a66 1965. 
CHESTST 1 . 6 7 6  2 7 3 9 .  
CHESTST 3 . 7 6 6  5 9 4 7 .  
EC3MAT 0. 
EC3MAT 3 . 3 7  
EC3GR -1. .00 
EC3GR -1. .a1 
EC3STAT 0. -05 
EC3STAT 1 . 5  530. 
EC3STAT 3. 1 3 5 9 .  
EC3STAT 3.6 18 12. 
EC3STAT 1 2 .  2 2 4 7 2 .  
1 -1. 0. 
6 8 5 .  0. 0. 

H Y B R I D  3 W Y U V .  
7 4 . 8  1 0 1 . 2  $ 1 5 . 4  
-6. 1 5  0. - 1 2 .  I S  
0. 0. 0. 
VEHICLE INTERIOR 
FLOOR MATFL 
INST.PANEL MATOASH 
BOLSTER MATBOL 
WINDSHIELD MATVD 
CUSHION MATCH 
SEATBACK MATSB 
ROOF MATRF 



of DOTVY4 a t  2 2 : 1 2 : 1 2  on F E B  4 .  1968 tor 

STEERINO W E E L  MATSTY 0. 
FLOOR 2 .  4 .  1. 
1NST.PANEL 2. 2. I. 
BOLSTER 1. 2 .  1. 
W I M S H I E L D  1. I. I .  
CUSHION I. 3. 1. 
SEATBACK I. 2 .  1 - 
ROOF I. 2 .  1 .  
STEERINO M E E L  1. S. I. 
MATFL 0. 0. 0. 
MAIDASH 0. 0. 0. 
MATBOL 0. 0. 0 -  
MATWU 0. 0. 0. 
MATCH 0. 0. 0. 
MATSB 0. 0. 0. 
MATRF 0. 0. 0. 
MATSTY 0. 0. 0. 
Y I T F L  1. 0. 0. 
MATDASH 2 .  0. 0. 
MATBOL 2 .  0. 0. 
MATYD 2 .  0. 0. 
MATCH 2 .  0. 0. 
MATSB 2 .  0. 0. 
MATRF 2. 0. 0. 
MATSTY 2 .  0. 0. 
FLGR -I. . 2  

. FLGR -i. . 2  
DASHGR -I. . 8 
DASHGR -1. .00 
BOLGR -1. .I 
BOLGR -1. . 08 
WOGR -1. .95 
UDGR -1. .O 1 
CHGR -I. . 1 
CHGR -1. . 85 
SBGR -I. .1 
SBGR -1. . 85 
RFGR -1. .5 
RFGR -1. . 5 
STYGR -1. .05 
STWGR - 1. -05 
FLSTAT - 1 .  8 0 0 .  
DASHSTAT-1. 4 4 1 . 2 4  - 1 0 9 . 6 4  S . 3 8 1 3  
BOLSTAT 0. 0. 
BOLSTAT 6. 5 4 0 0 .  
YDSTAT -I. 2 0 0 0 .  
CHSTAT -1. 1 2  3 7 . 6  -74 .4E 
SBSTAT - 1 .  14 .  -0. 14 .  
STYSTAT 0. 0. 
STYSTAT " 1  1 5 6 2 .  
STYSTAT .4B 1 8 7 5 .  
STYSTAT . 5 1  2 5 0 0 .  
STYSTAT .75 1 8 7 5 .  
STYSTAT 1 . 5  1 5 6 2 .  
STYSTAT 2 . 4  1 0 0 0 .  
STYSTAT 3 . 9  7 5 0 .  
STYSTAT 8. 7 5 0 .  
S T Y S I A I  10 .  1 0 0 0 0 .  

I. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
2 0 0 0 .  2 4 0 0 .  
2 0 0 0 .  0. 
2 0 0 0 .  0. 
2 0 0 0 .  0. 
2 0 0 0 .  0. 
2 0 0 0 .  0. 
2 0 0 0 .  0. 
2 0 0 0 .  0. 
FLSTAT l N E R Z  
DASHSTATINERZ 
BOLSTAT l N E R Z  
NDSTAT INERZ 
CHSTAT INERZ 
SBSTAT l N E R Z  
RFSTAT INERZ 
STYSTAT I N E R Z  

0000. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
FLGR 
DASHDR 
BOLOR 
UDOR 
CHOR 
SBQR 
RFQR 
STYGR 





z g 
C C C C *  
ddd-40 
W W W W C .  
m m m m * .  'an 


