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SECTION 1 I 

The o b j e c t i v e  of  improved  occupant  protection is t o   s a v e  
l i v e s  and mi t iga t e   i n ju r i e s   i n   au tomobi l e   acc iden t s .   Ru les  
mandating  such  inprovement  must  be  written so as t o  mini- 
m i z e  t h e i r   d e l e t e r i o u s   s i d e   e f f e c t s   ( s u c h  as automobile 
p r i ce   i nc reases ,   pub l i c   i nconven ience ,   i ndus t ry   d i s rup t ion ,  
etc.) . Such cons ide ra t ions  were t h e   f o c u s   o f   t h e   e f f o r t  
r e p o r t e d   i n  Volume I of t h i s   r e p o r t .  By themselves,   thev 
would tend   to   encourage   the   s lowes t   poss ib le   implementa t ion  
of any  rule  changes  and  corresponding  changes  in  automotive 
des ign .   The re fo re ,   due   cons ide ra t ion   mus t   a l so   be   g iven   t o  
t h e   o t h e r   s i d e   o f   t h e   c o i n  -- t h e   b e n e f i t s   t h a t   r u l e   c h a n g e s  
produce i n  terms o f   l i ves   s aved   and   i n ju r i e s   mi t iga t ed .  
These   benef i t s  are t h e   s u b j e c t   o f  Volume 11. 

The ve ry   b r i e f  time period  of  this  study  precluded  making 
s igni f icant   advances   in   the   methodology for  bene f i t   c a l cu -  
l a t ion .   Consequen t ly ,   t h i s  work i s  based  largely  on  pre-  
v i o u s   e f f o r t s  by Minicars  and i t s  subcont rac tor   Kine t ic  
Research t o  c a l c u l a t e   b e n e f i t s .  1-6 However, t h i s   s t u d y  had 
s e v e r a l  new f e a t u r e s  -- most notably  the  s imultaneous tine- 
phasing  of a va r i e ty   o f  res t ra in t  systems  having  different  
performance  and  usage  character is t ics ,   throughout  a range  
of v e h i c l e  classes and   s ea t ing   pos i t i ons .  The "bookkeeping" 
i n  t h i s   s t u d y  was, as a resul t ,   of   unprecedented  complexi ty .  

This  i s  n o t   t o   s a y   t h a t   t h i s   s t u d y  is  t h e   d e f i n i t i v e   a n d  
l a s t  word on   t he   sub jec t .  We do f e e l   t h a t   t h e  methodology 
is  q u i t e  complete  and is t h e   b e s t   a v a i l a b l e   a t   t h e   p r e s e n t  
t i m e .  However, t h e r e   a r e   s e r i o u s   s h o r t c o m i n g s   i n  some of 
the  data   that   have  been  used.  The b i a ses   o f   t he   Yu l t i -  
D i sc ip l ina ry   Acc iden t   Inves t iga t ion  (MDAI) f i l e  are well- 
known, and  while   the  best   avai lable   adjustments   have  been 
a p p l i e d   t o  it, t h e   a d r j u s t e d   f i l e  i s  n o t  as s a t i s f a c t o r y  a 
da t a   base  as  w i l l  be   ava i lab le   wi th   the   comple t ion   of   the  
National  Accident  Severity  Study.  Another  serious  problem 
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exs i t s  wi th   t he  lack of  biomechanical  information -- d a t a  
t h a t   p e r m i t  dummy injury  measures  (as o b t a i n e d   i n  tests wi th  
dummy o r  i n  computer  simulations) t o  be r e l a t e d   t o  human 
i n j u r y   s e v e r i t y   r e s u l t i n g   f r o m   a c t u a l   c o l l i s i o n s .  Mini- 
cars and i t s  subcontractor  Kinetic  Research  have  constructed 
re la t ionships   be tween dummy injury  measures  and human i n j u r y  
sever i ty ,   based   on   ava i lab le   l abora tor   and   acc ident   da ta ,  
b u t   t h e   r e s u l t s  are ha rd ly   de f in i t i ve . '  [They  do no t  con- 
s i d e r ,  for  example ,   t he   . e f f ec t s   o f ' c r a sh  vict in  age.] 

One  may say ,   t hen , .   t ha t   t he  results of t h i s   s t u d y  have some 
u s e   i n  comparing the   e f f ec t s   o f   one   r e s t r a in t   sys t em  imp le -  
mentat ion scheme t o   a n o t h e r .  However, w e  would  he  lucky, 
i n d e e d ,   i f   t h e   a b s o l u t e  numbers  of i n j u r i e s  and f a t a l i t i e s  
were w i t h i n  20 t o  30  percent  of  what  would  be  seen i n   t h e  
real  world. The data   s imply w i l l  no t   permi t  a more a c c u r a t e  
eva lua t ion .   Wi th   t ime ,   t he   da t a   s i t ua t ion  will improve, 
b u t   u n t i l   s u c h  t i m e  it is  still incumbent  on p o l i c ~ a k e r s   t o  
u s e   t h e   b e s t   a v a i l a b l e   d a t a   w i t h   t h e   b e s t   a v a i l a b l e  metho- 
dology to  a r r i v e   a t   t h e  most r a t i o n a l   d e c i s i o n s   p o s s i b l e ,  
r ecogn iz ing   t he   e r ro r   bands   t ha t   ex i s t .  I t  i s  a l s o  neces- 
s a r y  t o  improve the   da ta   whenever   poss ib le ,   and   to   use   the  
improved   da ta   to   cont inuous ly   update   the   t rade-of f   s tud ies  
t h a t  affect  rulemaking  decis ions.  

1.1 TRAFFIC ENVIRONMENT PROJECTIONS 

Traff ic  envi ronment   p ro jec t ions   used   in   th i s   s tudy  were 
provided by the   Nat iona l  Highway T r a f f i c   S a f e t y  Adminis- 
t r a t ion ,   based   on  i t s  s t u d y   o f   t h e   f e a s i b i l i t y  of f u e l  
economy s tandards ,8  o r  were de r ived   a s   necessa ry   f rom 
References 2 and 3 and o the r   sou rces .  Between 1977 
and 1 9 9 0 ,  t o t a l   a u t o   s a l e s  r ise by 27 p e r c e n t  (a compounded 
ra te  of 1 .86   percent   per   year ) .  The number of au tcs   on  
the   road  rises by 22.8 percent ,   and   the   exposure   o f   these  
v e h i c l e s  t o  acc iden t s  rises 23.5  percent.   Market  shares 
of s a l e s  show a s l i g h t   s h i f t  toward small cars (minis ,  
subcompacts,  and compacts) and away from l a r g e   c a r s  
( in t e rmed ia t e  and f u l l - s i z e  cars):  t h e   s m a l l / l a r g e  sales 
mix changes from .497/.503 i n  1977  t o  .514/.486 i n  1990.  
However, the   weights  of v e h i c l e s  i n  a l l  classes show a 
remarkable   dec l ine  by 1990 ,  due   p r imar i ly  to f u e l  economy 
Pres su res .  The pe rcen t   changes   i n   veh ic l e   we igh t s  and 
acc ident   exposures ,  by v e h i c l e  class, are shown i n  Table 1-1. 



TABLE 1-1 

RELATIVE CHANGES BETWEEIJ 1 9 7 7  AND 1 9 9 0  BY CAR CLASS 
(PERCENT) 

Auto 
Class 

Minicar 

Subcom. 

Compact 

Interm. 

F u l l  

Weight  of 
Vehicles   Sold 
i n  One Model 
Year' 

- 3 . 3 0  

- 1 7 . 4 0  

-17.38 

-22 .27  

-14 .09  

F o r   f u l l - s i z e  cars, t h e  
i s  less than  the  change 

Exposure- 
Weighted Mean Accident 
Weight for  Exposure 
Car Population Rate 

- 4.67 +350.00 

- 6.56 + 24.36 

- 9.90 - 10.50 

-17 .44  + 24.60  

-16.60 - 48.41 

change in   we igh t  of v e h i c l e s   s o l d  
i n  exposure-weighted mean weight 

because  of   the  introduct ion  of   downsized GX models i n  1977.  

1 .2  BENEFIT  PROJECTIONS 

B e n e f i t s  are def ined as  the   r educ t ions  of i n j u r i e s  and f a t a l -  
i t ies t h a t  would occur  as t h e   r e s u l t   o f   i n c o r p o r a t i n g  a se t  
o f   s a fe ty   sys t ems   i n  a s p e c i f i e d  manner,  compared t o  a base- 
l i n e  of i n j u r i e s  and f a t a l i t i e s   t h a t  would  occur i f  no a c t i o n  
were taken. A s  d e s c r i b e d   i n  Volume I ,  t h e   i n c o r p o r a t i o n  of 
r e s t r a i n t  systems  would  occur  as a r e s u l t  of a formulat ion 
of FMVSS 208 t h a t  would  cause  manufacturers t o  e q u i p   t h e i r  
cars i n  accordance   wi th   the i r   capabi l i t i es   and   ph i losophies .  
Each a l t e r n a t e   f o r m u l a t i o n  of FJlVSS 205, or a l t e rna te   s cen -  
a r i o ,  would l ead  t o  a unique  implementation scherne t o  be  
adopted by t he   va r ious   manufac tu re r s   i n   t he   va r ious  car 
classes. The b a s e l i n e   f o r   b e n e f i t   c a l c u l a t i o n s  was an  
implementation  scheme i n  which t h e   c u r r e n t   t h r e e - p o i n t  
harnesses  were r e t a i n e d  i n  a l l  v e h i c l e  classes i n d e f i n i t e l y .  
C lea r ly . ,   t he   base l ine  does - not  correspond t o  c u r r e n t  
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i n j u r i e s  and f a t a l i t i e s ,   b e c a u s e  these w i l l  c o n t i n u e   t o  
changp as a func t ion  of t o t a l  sales, marke t   shares ,   vehic le  
weights,   and  vehicle  usage. 

For the  purpose  of  benefit  CalCUlatiOnS,  implementation 
scheme no. 1 4  was compared t o   t h e   b a s e l i n e .  Scheme no. 1 4  
i s  t h e   l i k e l y   i n d u s t r y   r e s p o n s e  t o  a h y p o t h e t i c a l   r u l e  f o r m -  
u l a t e d  as follows: 

a. p a s s i v e   d r i v e r   r e s t r a i n t s   i n s t a l l e d   i n   a l l   f u l l -  
s i z e  cars i n  1981; 

b. p a s s i v e   f u l l - f r o n t   ( d r i v e r  and  passenger)  protec- 
t i o n   i n  a l l  m i n i s   i n  1.981; 

c. P a s s i v e   d r i v e r   r e s t r a i n t s   i n  a l l  cars i n  1982; 

d. Pass ive   fu l l - f ront   (dr iver   and   passenger )   p ro tec-  
t i o n   i n  a l l  cars i n  1983. 

A second set o f   b e n e f i t   c a l c u l a t i o n s  was based on  imple- 
mentat ion scheme  no. 1 4 A ,  which i n   t h e   e a r l y   y e a r s  is s i m -  
j l a r  t o  scheme no. 1 4 ,  but  which involves   no t i fy inq   indus-  
t r y  well i n  advance of a n   i n t e n t i o n  t o  upgrade t h e  p a s s i v e  
r e s t r a i n t   r e q u i r e m e n t   t o   h i g h e r  levels of performance. It 
has  the  advantage of i n c r e a s i n g   r e s t r a i n t   s y s t e m   b e n e f i t s  
w i t h o u t   f u r t h e r   a g g r a v a t i n g   i n d u s t r y ' s  lead time problems. 
Driver and Passenger res t ra int  implementation  schedules,  by 
manufacturer  and  vehicle class between 1977 and 1 9 9 0 ,  are 
shown in   Tables  1-2 and  1-3 f o r  schemes 1 4  and 1 4 A ,  r e spec t -  
ive l y  . 

, .  . 

F i n a l l y ,  a t h i r d  set of b e n e f i t   ; c a l c u l a t i o n s  was based  on 
implementation  scheme no. 0 ,  i n  which a l l  of t h e   v a r i o u s  
P a s s i v e   r e s t r a i n t   t y p e s   u s e d  i n  scheme no. 1 4  are r ep laced  
by  Type (1) -- t h e  1 9 7 2  GI4 ACRS o r   equ iva len t .   Th i s  was 
done t o  f a c i l i t a t e   b e n e f i t   c o m p a r i s o n s   w i t h   v a r i o u s  esti- 
mates t h a t  have  been made. 

The r e s u l t s  of t h e s e   c a l c u l a t i o n s  are shown i n   F i g u r e s  1-1 
through  1-3,   in   which  the  reduct ions  of  f a t a l i t i e s ,  s e v e r e  
i n j u r i e s ,  and moderate i n j u r i e s  are shown a s  a func t ion  of 
time, f o r  schemes 0, 1 4 ,  and 1 4 A .  The shaded  and  cross- 
h a t c h e d   b a n d s   r e p r e s e n t   u n c e r t a i n t i e s   i n   r e l a t i n g  dummy 
injury  measures  t o  human i n j u r y   s e v e r i t y .  [The uncer ta in-  
t ies  are due t o  d i f f e r e n c e s   i n   t o r s o   l o a d   d i s t r i b u t i o n  
be tween  unres t ra ined   occupants ,   be l ted   occupants ,   and  a i r -  
bag  protected  occupants .  ] 

1-4 
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It is  i m p o r t a n t   t o   n o t e   t h a t  none of t h e   b e n e f i t s  -- f a t a l i t y ,  
s eve re   i n ju ry ,   o r   minor   i n ju ry   r educ t ions  -- has  reached a 
s t eady- s t a t e   cond i t ion .  Even if v e h i c l e  sales, market 
shares ,   and  weights  were s t a t i c  a f t e r  1985, t h e   b e n e f i t s  
would not   reach  a s t e a d y - s t a t e   c o n d i t i o n   u n t i l   t h e   y e a r  2000 
a t  least ,  because  of   the time requi red  t o  s c r a p   o u t   o l d  
vehicles.   [Scrappage of any  given model y e a r   a c t u a l l y  ex- 
tends  over  a 25 year  period.]   Obviously,   steady-state  bene- 
f i t s  (as- est imated '  Ln o t h e r   s t u d i e s )  would exceed  the  t ran-  
s i e n t   b e n e f i t s   c a l c u l a t e d   i n   t h i s   s t u d y .  

I t  is a lso   impor tan t  t o  n o t e   t h a t  no b e n e f i t s  were calcu-  
l a t e d   f o r   s i d e   o r  rear impac t s   o r   ro l love r s .  

B e n e f i t s  are summarized i n   T a b l e s  1-4 and  1-5. By 1 9 9 0  
y e a r l y   r e d u c t i o n s   i n   m o d e r a t e   i n j u r i e s  will reach  33 t o  
41 p e r c e n t ;   y e a r l y   r e d u c t i o n s   i n   s e v e r e   i n j u r i e s  w i l l  r each  
36 t o  52 p e r c e n t ;   a n d   y e a r l y   f a t a l i t y   r e d u c t i o n s  will reach  
25 t o  55 percent .   Cumula t ive   l i fe   sav ings  by t h a t  time w i l l  
range  from 31,000 t o  51,000. 

TABLE 1-4 

RANGE OF YEARLY PERCENTAGE SAVINGS I N  1 9 9 0  

Implementation Moderate Severe F a t a l  
Scheme I n j u r i e s  I n j u r i e s  I n j u r i e s  

14 

14A 

0 

33 - 35 39 - 45 38 - 45 
4 0 ' -  4 1  51 - 52 53 - 55 
37 - 41 36 - 38 25 - 30 

TABLE 1-5 

RANGE OF CUMULATIVE SAVINGS I N  THOUSANDS BY 1 9 9 0  

Implementation Moderate Severe Fatal  
Scheme I n j u r i e s  I n j u r i e s  I n j u r i e s  

1 4  1210 - 1280 1 2 1  - 140 38 - 45 

1 4 A  1370 - 1390 1 4 6  - 153 4 9  - 51 
0 1380 - 1510 1 1 4  - 1 2 0  29 - 31 
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SECTION 2 

PROJECTED VEHICLE SALES AND POPULATIONS 

P r o j e c t i o n s   o f   v e h i c l e   s a l e s  and  weights  have  been made by t h e  
Nat iona l  Highway Tra f f i c   Sa fe ty   Admin i s t r a t ion   fo r   t he   Pu rpose  
of  examining t h e   f e a s i b i l i t y   o f   f u e l  economy s tandards . '  As 
shown i n  Table 2-1,  t o t a l  y e a r l y   s a l e s  were es t ima ted  t o  grow 
a t  t h e  modest r a t e  of 1 . 8 6  pe rcen t   pe r   yea r .   Marke t   sha res  by 
veh ic l e   c l a s s -and   manufac tu re r  were also e s t i m a t e d   f o r  1 9 7 6  and 
1980,   us ing   the   assumpt ion   tha t   to ta l   marke t   shares  by manu- 
f a c t u r e r  would   remain   cons tan t ,   and   tha t   the   d i s t r ibu t ion   of  
sales by v e h i c l e  class would  change only  modest ly .   Accordingly,  
f o r   e a c h  model year  from 1977  through 1 9 9 0 ,  marke t   shares  were 
o b t a i n e d   f o r   t h i s   s t u d y  by l i n e a r   i n t e r p o l a t i o n   a n d   e x t r a p o l a t i o n .  
This  procedure  caused a s l i g h t   r e d i s t r i b u t i o n   i n  1 9 8 0  compact 
car sales t o  keep   Chrys l e r ' s   sha re  of compact sales f r o m  becoming 
negat ive  by 1 9 9 0 .  

Also   conta ined   in   Table  2-1  are t h e   s u r v i v a l   f a c t o r s  fo r  au to -  
mobiles as a func t ion  of the i r   age .   These   da ta  were o b t a i n e d  

3 from the   A l l s t a t e /De lo rean   s tudy   o f   r e s t r a in t   sys t em  bene f i t s ,  
and  compare w e l l  w i t h  data compiled by R. L. Po lk9   fo r   t he   cu r -  
ren t   au tomobi le   popula t ion .   Table  2-1 a l s o   c o n t a i n s   t h e  relat-  
ionship  between  vehicle   usage  ( thousands  of  miles dr iven)   and  
v e h i c l e   a g e .   I n   t h i s   s t u d y ,   v e h i c l e   u s a g e  w a s  t aken  as t h e  
measure  of  accident  exposure,   and it was used   w i th   t he   su rv iva l  
f a c t o r s   i n  a computerized car population  model t o  c a l c u l a t e   t h e  
t ime-va ry ing   cha rac t e r i s t i c s   o f   t he  car and i n j u r y   p o p u l a t i o n s ,  
such  as   the  exposure-weighted mean v e h i c l e   w e i g h t   i n   e a c h  car 
class,  a n d   i n j u r y   e x p o s u r e   p r o b a b i l i t i e s  by r e s t r a i n t   t y p e ,  I 

s e a t i n g   p o s i t i o n ,   v e h i c l e   c l a s s ,  and f i s c a l   y e a r .   [ S t a t i s t i c a l  
d a t a   a r e   g e n e r a l l y   p r e s e n t e d  as of   Ju ly  1 of  each  year,  so i n  
t h i s   s t u d y  a f i s c a l   y e a r  is the   yea r   end ing   Ju ly  1.1 

Table 2-2 p re sen t s   t he   au tomobi l e   we igh t s  by class and  model  year. 
Data f o r  t h e  model years  1958  through 1973 were ob ta ined  from a n  
Aerospace   Corpora t ion   s tudy ,1°   whi le   recent   s ta t i s t ica l   da ta  
were used for  model y e a r s  1 9 7 4 ,  1975,  and 1 9 7 6 .  Weights prior 
to 1958 were simply  es t imated.  [The low s u r v i v a l  ra tes  of t h e s e  
old veh ic l e s ,   coup led   w i th   t he i r  low usage,  combine t o  produce 

I very l i t t l e  effect  on t h e   p r e s e n t   a n d   f u t u r e   v e h i c l e   p o p u l a t i o n s . ]  1 . These  data  are p l o t t e d   i n   F i g u r e  2-1. Unfo r tuna te ly ,   min ica r s  

-l 

I 

I 

11 

( t e x t  continued  on  Page 2-5) 
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Table 2-1. Inputs  Regarding  Sales,   Scrappage,  and Veh ic l e  Usage 
(Accident  Exposure) 

T M A L  YEARLY SALES IN THOUSANDS - MODEL YEARS 1.977-1 990 

9818 10001 10187 10376  10569  .I0765  10.966 
.1.1169 .113.72 ~J588 JJ804 12029  12247  12475 

FRACTION  OF  YEHI  CLES  REMAIN1 NG IN A FISCAL YEAR,AS A FUNCTION  OF MODEL YEAR *(SCRAPPAGE) 

0.671 J . 0 0 0  0.992  0.974  0.959  -0.928  0.886  0.83.1 
0.464  0.333  0.232  0.160 0.107 0.091  0.934 0.050 
0.028 0.02J 0.017 0.014 0.009 

MARKET SHARES BY VEHICLE .CLASS AND  MANUFACTURER -- 1976 
CLASS GENL MOT FORD  CHRYSLER AMER MOT FOREIGN 

. M I N I  0.01 9 0.  0.  0. 0.060 
' . SLJ3.COM . 0.048 0.05 1 0. 0.005 0.053 

COMPACT 0.09 I 0.073 0.05.9 0.020 0.017 
INTER 0.193 0.044 0.035 0.004 
.FULL 0. I48 0.065 0.015 0.  0. 

0.. 

M A R K E T  SHARES BY VEHICLE  .CLASS AND MhNUFACTURER - 1980 
CLASS GENL MOT FORD  CHRYSLER AMER  MOT FOREIGN 

MINI 0.019 0.013 0. 0.002 0.061 

COMPACT 0.087 0.069  0.043 0.019 0.016 
I NTE R 0.206 0.055 0.027 0.004 0. 

FULL 0.137 0.055 0.015 0. 0. 

SUBCOM 0.048 0.038 . 0.028  0.004  0.054 

0.747 
0.039 

8.32 
6.40 

0.633 
0.032 

7.36 
6.40 

I I  
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3 
Table 2-2. Vehicle Weights by Weight Class and Model Year 

YEAR 

1952 
1953 
1954 
1955 
1956 
I957 
1958 
1959 
1960 
1961 
1962 
1963 
1064 
1965 
1966 
1967 
1963 
1969 
1970 
1971 

, 1972 
i 1973 

1974 
1975 
1976 
1 9.77 
1973 
197Y 
198C 
1921 

~F 1982 
I983 
1984 
1985 
1966 
1987 
19fi6 
19SY 

J 

J 1993 

;*I I N I 

1915. 
1915. 
1915. 
1915. 
1915. 

1915. 
1915. 
1915. 

1915. 
1915. 
1915. 
1015. 
1915. 
102c). 
1926. 
1935 . 
1942. 
1951 . 
1950. 
1965. 
1 97.9 . 
1914. 
2008. 
1938. 
1938. 
1940. 
1590. 
1 374. 
1874. 
1874. 
18i4. 
1674 . 
1874. 
1 a74 . 
1874. 
1874. 
1874. 

1915. 

1915. 

SUB c m  
1968. 
1 968 . 
1968 . 
1 968. 
1 963. 
lS63. 
1966. 
1969. 
2044. 
2089. 
2088. 
2c4 1.  
1 787. 
1798. 
1909. 
1943. 
2 ?02. 
'2023 . 
2093 . 
2 139. 
22  14. 
2289. 
252 I .  
2542. 
2580. 
2644. 
2644. 
2432. 
2318. 
2286. 
2286. 
2286. 
2252 . 
2184. 
2184. 
2184. 
2184. 
2184. 
2184. 

CO%PACT 

3000 . 
3 000 . 
3000. 
3 090. 
3000. 
3000. 
304 1 .  
2897. 
2679. 
2655. 
2723 . 
2713. 
2721. 
2828. 
2823. 
2854. 
294 1 . 
2574. 
2874. 
2978. 
3027. 
3124. 
3109. 
3249. 
3359. 
,1315. 
3234 . 
304E. 
3020. 
3014. 
,7014. 
2918. 
2871. 
2739. 
2739. 
2739. 
2.739. 
2739. 
2739. 

I NTE R 

3500. 
3500. 
3500. 
3500. 
3500. 
3503 . 
3191. 
3776. 
3756. 
2987. 
2934 . 
3045 . 
3180. 
3318. 
2363. 
3450. 
3503 . 
3505. 
3655. 
3682. 
3787. 
4009. 
4209. 
4070. 
3 964. 
4023. 
353 1 . 
353 1 .  
3522. 
3522 . 
3332 . 
3 176. 
3173. 
3127. 
3127. 
3127. 
3127. 
3127. 
3127. 

FIJLL 

3800. 
38fiG. 
3800. 
3800. 
33Q0. 
3.500. 
3815. 
5973. 
4067 . 
3975. 
3078.  
2923.  
394 1. 
4905 . 
4061. 
4125. 
4152. 
4248. 
42; 8. 
4408. 
L4G1.  
4 607 . 
432 .9 .  
4 2 3 5 .  
46;c). 
4133. 
4139. 
41C5. 
301 3. 
3913. 
3687. 
3657. 
2.6t7. 
2692. 
3602 . 
3 602 . 
3 602 . 
3602 . 
3602 . 

i 
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were lumped with  subcompacts, so some:es t imat ion  was a g a i n  re- 
quired.   This  was f a c i l i t a t e d  by t h e   f a c t   t h a t   t h e r e  were no 
domestic  subcompacts  between  1963  and 1 9 7 0 ;  t he   bu lk   o f   t hese  
(Volkswagen Beetles) would   today   be   c lass i f ied  as minicars ,   and  
th i s   undoubtedly   accounts   for   the   anomalous   d ip   in   the   subcompact  
weights  (shown i n   F i g u r e  2-1 by a d o t t e d   l i n e )   d u r i n g   t h o s e   y e a r s .  

Weigh t   p ro j ec t ions   fo r  1977 through 1 9 9 0  w e r e  obtained  f rom Doc- 
ument 2 of Reference 8,  by way of assuming t h a t   t h e   w e i g h t  re- 
duc t ions  shown t h e r e i n  would occur   a t ,   and   on ly  a t ,  a major  model 
change as i n d i c a t e d  i n  Volume I. Sales-weighted mean weights  
were c a l c u l a t e d  for  a l l   t h e  body s t y l e s   w i t h i n   e a c h   v e h i c l e   c l a s s  
and manufacturer ,   and  are  shown i n   T a b l e  2-3. Whi l e   t he   r e su l t s  
i n   Re fe rence  8 i n d i c a t e  a lumping toge ther   o f   min is   and  subcom- 
p a c t s ,   t h e   d e t a i l   i n  Document 2 a l lows  both  weights   and sales 
p r o j e c t i o n s  t o  be   b roken   ou t   separa te ly .   Af te r   su i tab le   accoun-  
t i n g  fo r  major  model  changes,,  weights were ave raged   ( aga in   s a l e s -  
weighted)   over   the   manufac turers   in   each   vehic le  class and  model 
yea r .  The r e s u l t s ,   a l s o  shown i n   T a b l e  2-3, w e r e  used as t h e  
p r o j e c t e d   w e i g h t s   f o r  1977  through 1 9 9 0 .  

Table 2-4 p r e s e n t s   t h e   o r i g i n a l  sales o f   v e h i c l e s   c u r r e n t l y  
on   the   road .   Sa les   da ta   back  t o  1 9 6 3  were obta ined   f rom  the  
Al l s ta te /DeLorean   s tudy ,   bu t   unfor tuna te ly  minicars were a g a i n  
lumped with  subcompacts. However, sales of m i n i s   p r i o r   t o . 1 9 6 3  
w a s  ex t r eme ly   l imi t ed ,   and   s a l e s   f i gu res  w e r e  assumed  accord- 
ing ly . .   Sa les   da ta   a re   a l so   ava i lab le   f rom  Whar ton  EFA, I n c . ,  
and go clear back   t o  1 9 4 7 ,  bu t  it i s  clear t h a t   t h e r e  are major 
discrepancies   between references 3,  10, and12   r ega rd ing   t he   c l a s s -  
i f i c a t i o n   o f   v e h i c l e s .   T h e r e f o r e   t h e  sales of in te rmedia te   and  
fu l l - s i ze   ca r s   o f   Re fe rence  12 were r e - a l l o c a t e d  among t h o s e  two 
classes f o r   t h i s   s t u d y ;   s i m i l a r  comments hold  for   subcompacts  
and  compacts.   Again,   the  accuracy  of  the  data f o r  o l d e r   c a r s  
i s  n o t  p a r t i c u l a r l y   c r i t i c a l   f o r   p r e s e n t   a n d   f u t u r e   v e h i c l e  
mixes. 

Table 275 p r e s e n t s   t h e   v e h i c l e  sales by manufacturer  and  veh- 
i c l e  class between 1977  and 1 9 9 0 .  These   da ta  are  de r ived  direc- 
t l y  f rom  the t o t a l  sa les   and   marke t   shares   o f   Table  2-1. Table  
2-6 p r e s e n t s  a summation of t h e   s a l e s   f i g u r e s   o v e r   t h e   f i v e  
manufacturers,   and  Table 2-7 p r e s e n t s   t h e  number o f   v e h i c l e s  
( in   thousands)   in   the  automobile   populat ion  between now and 1 9 9 0 .  
Table 2-8 shows t h e  growth in   au tomobi l e  (case veh ic l e )   u sage  

1 2  
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( t e x t  cont inued on Fage 2-11) 
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and  ' 'o ther"   vehicle   ( including  t rucks)   usage  between now and 1 9 9 0 ,  
a s  well as t h e  exposure-weighted mean v e h i c l e   w e i g h t s .   F i n a l l y ,  
Tables  2-9 and 2-10 show t h e   e x p o s u r e   p r o b a b i l i t i e s   f o r   t h e  "case" 
vehic le   and   ' ' o ther"   vehic le ,   subdiv ided  by v e h i c l e  class.  Table  
2-9 may b e   i n t e r p r e t e d  as follows: g i v e n   a n   a c c i d e n t ' i n   1 9 7 9 ,   t h e  
p r o b a b i l i t y   t h a t   t h e  "case" v e h i c l e  i s  a subcompact i s  0 . 1 6 4 .  I n  
any   g iven   yea r ,   t hese   p robab i l i t i e s  sum to  u n i t y .   S i m i l a r l y ,  
Table 2-10 g ives  the p r o b a b i l i t y   t h a t   t h e   " o t h e r "   v e h i c l e  i s  i n  
a s p e c i f i e d  c lass ,  g i v e n   t h a t  a veh ic l e - to -veh ic l e   acc iden t  has 
occurred. The growth i n   t h e  number of accidents   between now and 
1 9 9 0  i s  given by t h e  ''case" v e h i c l e   p r o b a b i l i t i e s  of Table  2-8,  

-1 
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The fol lowing i s  a series of four  tables (each of which covers 
t h r e e   p a g e s ) .  Each of t h e   f o u r  tables is  a p r o b a b i l i t y  distri- 
bu t ion  by veh ic l e  class,  f i s c a l   y e a r ,  and r e s t r a i n t   t y p e ,   f o r  
schemes 1 4  and 14a as fol lows:  

a. Scheme 1 4 ;  d r ive r   (Tab le  2-11)  
b. Scheme 1 4 ;  passenger  (Table 2-12) 
c. Scheme 14a; d r ive r   (Tab le  2-13) 
d. Scheme 14a; passenger  (Table 2-14) 

I n  a g i v e n   f i s c a l   y e a r ,  a number i n   t h e   t a b l e s  i s  t h e   p r o b a b i l i t y  
of an acc ident   involv ing  a s p e c i f i e d   v e h i c l e  class and r e s t r a i n t  
type ,   g iven  the involvement i n  an acc ident  of a "case" veh ic l e .  
For example,  given an a c c i d e n t ,   t h e   p r o b a b i l i t y   t h a t   t h e   a c c i d e n t  
involves   an  intermediate  car with a modified GM 1 9 7 2  ACRS i n  
t h e   d r i v e r   p o s i t i o n   i n  1983 i s  0.037 with scheme 1 4  (see Table 
2 - 1 1 ) .  I n  any   g iven   year ,   the   p robabi l i t i es  sum t o   u n i t y   i n  
a g i v e n   s e a t i n g   p o s i t i o n ,   s i n c e   t h e   r e s t r a i n t   t y p e s  and veh ic l e  
classes are a l l - i n c l u s i v e .  Once h a v i n g   t h e s e   p r o b a b i l i t i e s ,  
occupancy  by seat p o s i t i o n  i s  used t o   c a l c u l a t e   i n j u r y  probab- 
i l i t ies ( A I S  0-6). Restraint   system  usage rates are then  used 
t o  r ed i s t r ibu te   t he   i n ju ry   i nvo lvemen t s  among t h e   s i x   r e s t r a i n t  
types  and a seventh   . c lass i f ica t ion- -unres t ra ined .  
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Table 2-11. Driver  Restraint  Probabilities by Vehicle Class 
and Fiscal Year, Scheme 14. 

FISCAL 
Y E A R  

I .977 
1978 
.I 97.9 
1.980 
1981 
1.982 
1 983 
1984 

. .  1.985 
.I 986 
1987 

1 98.9 
1 990 

. 1988 

.FISCAL 
YEAR 

I .977 
J 978 
1 97.9 
1.980 
.I 98 I 
: 1.982 
I983 
1984 
I .985 
J 986 
1.987 
I .988 
1989 
1990 

. . 

BASE 312T .HARNESS 

M I N I 

'0. ,026 
0.036 
0.045 
0.055 
0.054 
0.048 

0.035 
0.02.9 
0.023 
0.018 
0.013 
0.009 
0..006 

0.042 

GI 

M IN1 

0. 
0. 
0.  
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

.SUBCOM 

0.156 
. 0.161 
0.164 
0.166 
0.168 
0.152 
0.128 
0.106 
0.086 
0.069 
0.053 
0.040 
0 . 02.9 
0.021 

d 1.972 AIR BAG 

SUBCOM 

0.  
0. 
0 .  
0. 
0. 
0 .  
0.  
0 .  
0. 
0.  
0. 
0. 
0. 
0 .  

VEHICLE  CLASS 
COI,BPACT INTER 

0.219 

0.230 
0.233 
0.234 
0.2.1 1 
0. 17.9 
0.148 
.o. 12 1 
0.096 
0.074 

0.040 
0.028 

0.225 

0.056 

0.252 
0.257 
0.263 
0.268 
0.274 
0.249 
0.21.1 
0. 1.76 
0.144 
0..1 15 
0 . 090 
0.065 
0.049 
0.034 
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, ... . 

VEHICLE  .CLASS , 

COMPACT INTER 

. . .  

0. 
0. 
0. 
0. 
0. 
0.017 
0.033 
0.034 

0.027 
0 02.4 
0.021 
0.018 
0.014 

0.03 1 

0. 
0. 

* 0 ,  
0. 
0. 
0.025 
0.036 
0 . 037 
0.036 
0.034 
0.030 
0.026 
0.022 
0.018 

FULL 

0 . 347 
0.32.1 
0.298 
0.277 
0.239 
0.196 
0.158 
0.126 
0.099 
0.076 
0.057 
0.041 
0 . 02.9 
0.020 

FULL 

0 .  
0. 
0. 
0. 
0.021 
0.030 
0.030 
0.029 
0.028 
0.026 
0 . 022 
0.019 
0.015 
0.012 

'I 



Table 2-11. Driver Res t ra in t  P r o b a b i l i t i e s  by Vehicle Class 
and   F isca l  Year, Scheme 14 (Continued) 

FISCAL 
YEAR 

1 9.77 
1.978 
I 97.9 
1980 
.I 981 
1.982 
1983 
1984 
1985 
1986 
1.987 
I .9.8 8 
1989 
1 990 

_ _  - .  .~ 

. .. . -. 
. FI.SCAL 

-YEAR 

f .977 
1978 
J 93.9 
1980 
.198 1 

~ 1982 
1.983 
1.984 

1986 
1 987 

.. . 1 9.88 
1989 
I 990 

. .  

- .  1985 

.- . . 

$.fODIFIEC GM 1972 ACRS 

M I N I SUBCOM 

0.  0. 
0. 0 .  
0. 0. 
0. 0.  
0 .  0 .  
0. 0 . .005 
0. 0.012 
0..003 0.020 
0.009 0.029 
0.015 0.037 
0.022 0.043 
0.029 0.048 
0.035 0.052 
0.04 1 0.054 

. . . . . . . .. _ _  . 

ADVANCED AIR BAG 

MINI SUBCOM 

0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0 .  
0. 0. 
0. 0. 
0. * 0. 
0. 0 .  
0. 0 .  
0.  0. 
0. 0. 
0. 0 .  
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VEHICLE  CLASS 
COMPACT INTER 

0.  0. 
0 .  0. 
0. 0. 
0 .   0 .  
0. 0. 
0 . 002 0.006 
0.012  0.037 
0.035 0.077 
0.059 0. 113 
0.080 0.149 
0.099 0.183 
0.115 0.213 
0.128  0.23.9 
0.139  0.262 
- _ _  - -. - - - .. 

VEHICLE  CLASS 
COMPACT INTER 

0. 0. 
0. 0. 
0. - 0. 
0. 0. 
0. 0. 
0. - .. 0. 
0. 0. 
0. 0. 
0. . 0.  
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 

FULL 

0.  
0 .  
0 .  
.o . 
0. 
0.019 
0.044 I 
0.066 : 
0.085 i 
0.103 
0. I18 
.o. 13 1 
0.140 
0.147 

. . .. - . . - - . 

. .  . 

FULL 

0 .  
0.  
0.  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0.  
0 .  
0 .  



Table 2-11. Dr ive r   Res t r a in t   P robab i l i t i e s  by Vehicle Class 
and Fiscal Year, Scheme 14 (Continued) . 

-\ 

1 
CURRENT PASSIVE  BELTS 

FISCAL 
YEAR 

.I .977 
1978 
1979 
1980 
1981 
,1982 
1983 
1984 

1986 
1987 
1988 
1989 
1 990 

- 1985 

MINI 

0. 
0. 
0. 
0. 
0.010 
0.025 
0.038 
0.049 
0.055 
0.059 
0.063 
0.066 
0.068 
0.070 

SUBCOM 

0. 
0.  
0. 
0. 
0. 
0.013 
0.032 
0.048 
0.061 
0.074 
0.086 
0.098 
0.109 
0. 1 1.9 

ADVArJCED PASS1 VE BELTS ’ 

. .. 

FISCAL 
YEAR 

I 97 7 
1.97 8 
1979 
1 980 
1981 
1982 
1 983 
I984 
1 98.5 
1986 
1987 
1988 
1989 
1 990 

-. 

MINI 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

SUBCOM 

0.  
0. 
0.  
0. 
0. 
0 .  
0. 
0. 
0. 

. 0. 
0.  
0. 
0. 
0. 

VEHICLE  CLASS 
COIJPACT INTER 

0. 
0. 
0. 
0. 
0. 
0 ..(I04 
0.008 
0.012 
0.014 
0.016 
0.017 
0.017 
0.016 
0.014 

0. 
0. 
0. 
0. 
0. 
0 .  
0. 
0. 
0. 
0. 
0 .  
0. 
0 .  
0. 

VEHI CL-E CLASS 
COMPACT .INTER 

0. 
0. 
0. 
0. 
0 .  
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0 .  
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0.  
0. 
0. 

FULL 

0. 
0. 
0. 
0. 

0. 

0 .  ! 
0.  
0.  
3. 
0 .  

0 .  1 
0.  ! 

/ 

0. ‘ 1  1 
0.  1 
0. 1 
0 ,  
0 .  
0 .  
0 .  
0 .  
0 .  
0.  
0 .  
0 .  
0 .  
0 .  

R 
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3 Table 2-12. Passenger  Restraint  Probabilities by Vehicle Class 
and Fiscal, Year, Scheme 14. 

BASE 3-PT HARNESS 

FISCAL  VEHICLE  CLASS 
. YEAR M I N I SUBCOM COXPACT I NTER FULL 

1.977 
1978 
1 97.9 
1980 
1981 
1982 
1983 
1.984 
1985 
I986 
1987 
1988 . 

1989 
1.990 

0.026 
0.036 
0.045 
0.055 
0.054 
0.048 
0.042 
0.035 
0.029 
0.023 
0.018 
0.013 
0 . 009 
0..006 

0.156 
0.161 
0.164 
0.166 
0.168 
0.170 
0.153 
0.129 
0.107 
0.087 
0.070 
0.054 
0.041 
0 . 030 

0.219 
0.225 
.O. 230 
0.223 

0.232 
0.208 
0.175 
0.145 
0.1 I7 
0.093 
0.072 
0.054 
0 . 03.9 

0.234 

0.252 
0.257 
0.263 
0.268 
0,274 
0.279 
0.253 
0.214 
0 . .1 7.9 
0.146 
00.1 1.7 
0.091 
0.06.9 
0 . 050 

0.347 
.O . 32 1 
0.298 
0.277 
0.260 
0.244 
0.212 
0.175 
0.143 
0.115 
0.091 
0.070 
0,052 
0.038 i 

*> .. . GM 1972 AIR BAG 

1 FISCAL  VEHICLE  CLASS 
- .  YEAR . 14 I N I SUBCOM  COMPACT .INTER  FULL 

J .977 
. - -  1978 

1979 
1980 
1.98 1 
1982 
I 983 

. I  .- - .I .984 
1985 
1986 
1.987 
1988 
1989 

.- 1990 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0.  
0. 
0. 
0. 
0. 
0.  
0. 
0. 
0. 

.O. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0.  
0. 
0. 
0 . 002 
0.004 
0.005 
0..004 
0.004 
0 i 004 
0.003 
0 ..003 

0. 
0. 
0. 
0. 
0. 
0. 
0.003 
0.006 
0.009 
0.009 
0. C98 
0.007 
0.006 
O.GC5 

1 

0.  1 
0 .  
0 .  
0 . 
0 .  
0. 
0.002 
0 ..004 
0.006 
0.006 
0.005 
0.005 
0.004 
0.004 
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Table 2-12. Pas senge r   Res t r a in t   P robab i l i t i e s  by Vehicle   Class  
and Fiscal Year, Scheme 14 (Continued) . i 

1 

FISCAL 
YEAR 

1 9.77 
1978 
I979 
1980 
.198 I 
1982 
1983 
1.98 4 
1985 
1986 

. 1987 
1988 
1989 
I990 

FISCAL 
YEAR 

1.9-7 7 
1978 
1979 
1980 

_ .  . .1 98 I 
1982 
1983 

- . 1984 
1985 
1986 

- . 1987 
1988 
1989 

. . .I 990 

MODIFIED Glll 1.972 ACRS 

MINI SUBCOM 

0. 0.  
0. 0 .  
0. . 0. 
0. 0. 
0.  0. 
0. 0. 
0. . 0.005 
0. 0.014 
0..002 0.024 
0 . 008 0.032 
0.015 0.039 
0.023 0.045 
0.030 0.049 
0.036 0.052 

ADVANCED AIR BAG 

MINI SUB CO M 

0. 0. 
-0 .  0. 
0.  0. 
0.  0. 
0. 0 .  
0.  0. 
0. 0 .  
0.  0. 
0. .o . 
0.  0. 
0. 0 .  
0. 0. 
0. 0 .  
0. 0. 

VEHICLE CLASS 
COMPACT INTER 

0. 
0. 
0. 
0. 
0. 
0.002 
0.019 

. 0.042 
0.067 
0.090 
0.111 
0.127 
0.140 
0.151 

0. 
0. 
0. 
0. 
0. 
0. 
0.029 
0.069 
0.106 
0.143 
0.177 
0.208 
0.236 
0.259 

VEHICLE  CLASS , 

CO?.lPACT INTER 

0. 
0. 
0. 
0. 
0 .  
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0.  
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

FULL 

0 .  
0.  
0. 
0. 
0. 
0. 
0.018 ~ 

0.043 
0.064 
0.084 
0.102 

0.129 

1 

11 
FULL I 

0. 
0. 
0 .  - 
0 .  
0 .  
0.  
0 .  1) 
0. 
0.  
0 .  
0 .  
0 .  
0 .  
.O . 

! 

1 
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Table 2-12. Pas senge r   Res t r a in t   P robab i l i t i e s  by Vehicle Class 
and Fiscal  Year, Scheme 14 (Continued).  

FISCAL 
YEAR 

J 937 
1978 
1979 
1980 
1981 
I952 
J 983 

1.985 
3 986 
1.987 
1988 
1989 
1 990 

1984 

F I S C A L  
YEAR 

1977 
... 1 97 8 

1979 
1980 

-1 98 1 
1.98 2 
1983 
I984 
I 98.5 
1986 
1987 
1.9 88 
1989 
1 990 

CURRENT PASSIVE  BELTS 

M I N I sumx 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0.010 0. 
0.025 0. 
0.038 0.014 
0.051 0.031 
0.062 0.046 
0.067 0.060 
0.070 0.074 
0.072 0.088 
0.074 0.100 
0.074 0.112 

ADVANCED PASSIVE BELTS 

M I IJ I SUBCOM 

0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0 .  
0. 0. 
0. 0. 
0. 0.  
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. * 0. 
0. 0. 

VEHICLE  .CLASS 
COMPACT INTER 

0.  0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0.  0. 
0 . 003 0. 
O.OO7 0. 
0.008  0. 
0.007 0. 
0.006 0. 
0.006 0. 
0.005 0. 
0.004 0. 

YEI-II CLE  CLASS 
COM P ACT INTER 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0 .  
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

FULL 

0. 
0. 
0.  
0.  
0.  
0. 
0. 
0. 
0.  
0 .  
0.  
0 .  
0.  
0 .  

FULL 

0. 
0.  
0.  
0. 
0.  
0. 
0. 
0.  
0. 
0. 
0 .  
0. 
0. 
0 .  
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Table 2-13. Driver  Restraint  Probabilities by Vehicle Class 
and Fiscal  Year, Scheme 14a. 

FISCAL 
YEAR 

1 9.77 
1978 
1979 
1980 
.198 1 
1982 
I983 
1984 
1 985 
I906 
1987 
1988 
1989 
I 990 

F I SCAL 
YEAR 

1.97 7 
1978 
I 97.9 
1980 
1981 
1982 
1983 
1984 

1986 

1988 
1989 
I 990 

J 985 

1987 

BASE 3-PT HARNESS 

MINI SUBCOM 

0:. 02 6 0.156 
0.036 0.161 
0.045 0.164 
0.055 0.166 
0.054 0.168 
0.048 0. I52 
0.042 0.128 
0.035 0.106 
0.029 0.086 
0 -02 3 0 . 06.9 
0.018 0 . 053 
0.013 0.040 
0 . 009 0 . 02.9 
0 ..006 0 . 02.1 

GM 1972 AIR BAG 

MINI SUBCOM 

0.  0.  
0 '. 0. 
0.  0 .  
0 .   0 .  
0 .   0 .  
0 .  0. 
0. 0. 
0 .  0.  
0 .  0 .  
0.  0. 
0.  0. 
0. 0. 
0. 0 .  
0 .  0.  

VEHICLE  .CLASS 
COMPACT I NTEF? 

0.2  1.9 
0.225 
0.230 
0.233 
0.234 
0.21 1 
0. 17.9 
0.148 
.o. 12 1 
0.096 
0.074 
0.056 
0 . 04.0 
0.028 

0.252 
0.257 
0.263 
0,268 
0.274 
0.249 
0.2 1 1  
0.176 
0.144 
0.115 
0.090 
0.068 
0.049 
0.034 

.VEHICLE .CLASS 
COMPACT . INTER 

0. 
0. 
0. 
0. 
0. 
0.017 
0.035 
0.038 
0.035 
0.032 
0.028 
0 02-4 
0.021 
00.0 17 

0. 
0.  
0 .  
0. 
.o . 
0.025 
0.036 
0.037 
0.036 
0.034 
0.030 
0.026 
0.022 
0.018 

FULL 

0.347 
0.32 I 
0.298 
0.277 
0,239 
0.196 
0. 158 
0. 126 
0.099 
0.076 
0.057 1 
.0.041 
0.029 
0.020 

. .  

FULL 

0. 
0. 
0. 
0. 
0.02 1 
0.035 
0.042 
0.047 
0.047 
0.042 
0.037 
0.032 
0.026 
0.02 1 
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Table 2-13. Driver Res t r a in t  P robab i l i t i e s   by   Veh ic l e  Class 
and   F i sca l  Year, Scheme 14a (Continued) .  

F I S C A L  
Y E A R  

19.77 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1937 
J 9-98 
1989 
1990 

F I S C A L  
YEAR 

J 9.77 
1978 
1 97.9 
1980 
1981 
1982 
1983 
1984 
,198 5 
1986 
J 987 

. . I988 
1989 
1 990 

IYlODIFIED .GM 1972 ACRS 

MINI SUBCOM 

0.   0 .  
0 ;. 0.  
0. 0. 
0'. . 0. 
0. 0 .  
0.  0 ..005 
0. 0.012 
0. 0.018 
0. 0.01.9 
0. 0.017 
0. 0.015 
0. 0.013 
0. 0.01 1 
0. 0.009 

ADVANCED AIR BAG 

MINI SUBCOM 

0 '. 0. 
0.  0.  
0 '. 0. 
0'. 0. 
0. 0. 
0. 0.  
0. 0.  
0'. 0 . 003 

- O..OQ2 0.0 1 1  
0'. 008 0.020 
0.015 0.028 
0.023 0.034 
0 . 030 0.040 
0.036 0.044 

VEHICLE  CLASS 
COMPACT INTER 

0. 
0. 
0 .  
0. 
0. 
0. 
0.007 
0.016 
0.024 
0.025 
0.023 
0 . 02.0 
0.018 
0.015 

0. 
0 .  
0. 
0. 
0. 
0.006 
0,015 
0.024 
0.032 
.O. 032 
0.029 
.O. 025 
0.022 
0.01  9 

~. 

VEHI.CLE  CLASS 
COMPACT INTER 

0. 
0. 
0. 
0. 
0. 
0 0.002 
0.004 
0.014 
0.032 
0..056 
0.079 

0. 1.1 6 
Oo.099 

0.130 

0. 
0. 
0. 
0. 
0. 
\o . 
0.022 
0.053 
0 . 082 
0..1 17 
0. I54 
0.18s 
0.217 
.O . 2 44 

FULL 

0. 
0. 
0. 
0. 
0. 
0.013 
0..032 
0.048 
0.062 
0.062 
0.056 
0.049 
0.043 
0.036 

- 

FULL 

0. 
0. 
.O . 
0. 
0. 
0. 
0. 
0. 
0.004 
0.024 
0.048 
0.069 
0.087 
0. i o2  
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FULL 

T a b l e  2-13. Driver R e s t r a i n t  P r o b a b i l i t i e s  by Vehicle  Class 
and Fisca l   Year ,  Scheme 14a (Continued) . 

F I S C A L  
YEAR 

J 9.77 

1979 
1980 

1982 
I983 
1984 
1985 

1987 
1988 
1989 
1 990 

1978 

1981 

J 986 

FI SCAL 
YEA!? 

I 9.77 
1978 
1979 
J 980 
,198 1 
1982 
1983 
1984 

. 1985 
I 986 
I 987 
I988 
1989 
1 990 

CURRENT PASSIVE  BELTS 

M I N I SUBCOM 

0'. 
0. 
0. 
0. 
0'.010 
0.025 
0.038 
0.051 
0 ..062 
0.060 
0.053 
0,. 04 7 
0 . 040 
0.033 

0.  
0 .  
0. 
0. 
0. 
0.013 
0.032 
0.048 
0.061 
0.061 
0.055 
0 . 048 
0..042 
0.035 

ADVANCED PASSIVE  BELTS 

M I N I 

0. 
0.  
0 .  
0.  
0 .  
0. 
0.  
0 .  
0 .  
0 0.007 
0'00 1 7 
0.025 
0.034 
0.041 

SUBCOM 

0.  
0 .  
0 .  
0 .  
0.  
0 .  
0.  
0 .  

- 0 .  
0.013 
0.032 
0.050 
0.068 
0.085 

VEHICLE CLASS 
COMPACT INTER 

0.  
.o . 
0. 
0 .  
0 .  
0 . 004 
0.008 
0.012 
0.012 
0.01 1 
0.010 
0.008 
0.007 
0.006 

0. 
0. 
0 .  
0. 
0 .  
0 .  
0 .  
0. 
0 .  
0 .  
0 .  
0. 
0 .  
0 .  

YEHI CLE  CLASS 
COMPACT . I NTE R 

0. 
0. 
0 .  
0 .  
0 .  
0 .  
0. 
0. 
0. 
0 .  
0. 
0 .  
0. 
0.  

0 .  
.O . 
0 .  
0 .  
0 .  
0 .  
0.  
0. 
0. 
0. 
0. 
0. 
0. 
0. 

.O . 
0. 
0.  
0. 
0.  
0. 
0. 
0. 
0. 
0. 
.O . 
0. 
.O . 

0. i 

1 
! 

1 3  
FULL 1 

0. 1 
0. 
0. 
0.  
0 .  
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

P 

1 
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Table 2-14.  Passenger Restraint   Probabili t ies by Vehicle  Class 
and Fiscal Year, Scheme 14a. 

FISCAL 
YEAR 

1977 
1978 

1980 
19131 
1982 
.I 983 
1984 
1985 
.I 986 
1987 
I988 
1989 
1 990 

1979. 

F I SCAL 
YEAR 

I 9.77 
1978 
1979 
1980 
198 1 
1982 
I983 
1984 
1985 
1986 
1987 
J 988 
1939 
1 990 

BASE 3-PT HARNESS 

MINI SUBCOId 

0.026 0.156 
0.036 0.161 
0.045 0.164 
0.055 0.166 
0'. 054 0.168 
0.048 0.170 
0 . 042 0.153 
0.035 0. I29 
0.029 0.107 
0.023 0.087 
0.018 0.070 
0.013 0.054 
0.009 0.041 
0 . 006 0.030 

GM 1972 AIR BAG 

M I N I SUBCOM 

0 .  0.  
0 .  0.  
0 .  0 .  
0.  0 .  
0 .   0 .  
0.  0 .  
0.  0. 
0.. 0 .  
0. 0.  
0. 0. 
0. 0.  
0. 0. 
0 .. 0. 
0. 0. 

MODIFIED GM 1972 ACRS 

VEHICLE CLASS 
COMPACT INTER 

0.219 
0.225 
0.230 
0.233 
0.234 
0.234 
0.210 
0.1.77 
0.147 
0.119 
0 . 094 
0.073 
0.055 
0 . 040 

0.252 
0.257 
0.263 
0.268 
0.274 
0.279 

0.179 
0.146 
0.1 17 
0.091 
0.069 
0.050 

VEHICLE CLASS 
COMPACT INTER 

0.  
0.  
0 .  
0. 
0. 
.o . 
0.002 
0 004 
0.005 
0.004 
0.004 
0.004 
-0 . 003 
0.003 

0 .  
0. 
0. 
0. 
0. 
0. 
0.003 
0.006 
0.009 
0.009 
0 008 
0.007 
0.006 
0.005 

FULL 

0.347 
0.321 
0.298 
0.277 
0.260 
0.244 ~ ' 

0.212 ~ 

0.175 

0.115 : 

.O. 09 1 
0.070 
0.052 
0.038 

. .  

0.143 j 

I 

FULL 

0. 
0. 
0. 
0. 
0. 
0. 
0.002 
0.004 
0.006 
0.006 

0.005 

0.004 

0.005 

0.004 
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Table 2-14. Pas senge r   Res t r a in t   P robab i l i t i e s  by Vehicle Class 
and F i s c a l  Year, Scheme I d a  (Continued) . 

FISCAL 
YEAR 

1.977 
I 978 
1979 
1980 
1931 
1982 
1983 
1984 
I935 
I986 
1987 
1988 
1989 
1 990 

FI SCAL 
YEAR 

1.9.77 
3 978 
I 97.9 

.198 I 
1982 

.l954 
1935 
1936 
1987 
1988. 
1989 
1 990 

I 980 

.I 983 

MODIFIED GM 1972 ACRS 

MINI SUBCOM 

0 '. 
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 . .  
0 .  
0 .  
0 .  
0.  
0. 

0.  
0 .  
0.  
0 .  
0.  
0. 
0 ..005 
0.014 
0.019 
0.018 
0.016 
0.014 
0.013 
0.01 1 

ADVANCED AIR BAG 

0 :. 
0. 
0 .  
0 .  
0.  
0 .  
0 .  
0. 
0 . OD2 
0 . 098 
0.015 
0 ..02 3 
0.030 
0.036 

0. 
0 .  
0 .  
0 .  
0. 
0 .  
0. 
0. 
0.005 
0.014 
0 . 022 
0.029 
0.035 
0.040 

VEHICLE  CLASS 
COMPACT INTER 

0. 
0. 
0 .  
0. 
0.  
0. 
0.015 
0.028 
0.035 
0.035 

0 . 028 
0.024 
0.021 

0.031 

0 .  
0. 
0.  
0. 
0. 
0. 
0.007 
0.016 

0..026 
0.023 
0.021 
0.018 
O..O 16 

0.025 

VEHICLE CLASS 
COM P ACT INTER 

0. 
0. 
0. 
0 .  
0. 
0. 
0.002 
0.012 
0.030 
0.054 
0.078 
0.098 

0.  I29 
0.115 

0.  
0. 
0 .  
0. 
0. 
0. 
0.022 
0.053 
0.082 
0. I I7 
0.154 
0.188 

0.244 
0.217 

FULL 

0. 
0. 
0. 
0. 
0. 
.O . 
0.018 
0.043 
0.060 
0.060 
0.054 
0.048 
0.042 
0.036 1 

FULL 3 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0.004 
0.024 
0.048 
0.069 
0.087 
0.102 

E 

CURRENT PASSIVE BELTS 5 
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1) 
Table 2-14. Passenger   Res t ra in t   Probabi l i t i es   by  Vehicle 

and F i s c a l  Year, Scheme 14a (Continued).  
Class 

CURRENT PASSIVE  BELTS 

FISCAL  VEHICLE  CLASS 
Y E A R  MINI SURCOM COMPACT INTER  FULL 

1 977 
I978 
1 97.9 
1980 
.I 98 1 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
J 990 

0 .  
0 .  
0.  
0 .. 
0.010 
0.025 
0.038 
0.051 
0.062 
0.060 
0.053 
0.047 
0.040 
0.033 

0. 
0. 
0 .  
0. 
0. 
0. 
0.014 
0.031 
0.046 
0.048 
0 . 043 
0.038 
0.033 
0.029 

Q . 
0 . 
0. 
0. 
0 . 
0. 
0.003 
0.007 
0.008 
0.007 
0.006 
0.006 
0.005 
0.004 

.o . 
0 .  
0. 
0 .  
0. 
0 .  
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0.  

0. 
.o . 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

ADVANCED PASSIVE  BELTS 

F I S C A L  VEHI  CLE  CLASS 
YEAR X I  NI SURCOM COMPACT INTER 

FULL I 
I977 
1978 
1979 
1930 
198 1 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
I 990 

0. 
0. 
0. 
0. 
0.  
0 .  
0 .  
0 .  
0. 
0 . 007 
0.017 
0.025 
0.034 
0.041 

0. 
0. 
0 .  
0 .  
0.  
0 .  
0. 
0. 
0 .  
0.013 
0.032 
0.050 
0.068 
0.085 

.o . 
0. 
0. 
0 .  
0. ’ 

0.  
0. 
0. 
0 .  
0. 
0. 
0. 
0 .  
0. 

0. 
0 .  
0. 
0.  
0. 
0.  
0. 
0 .  
0. 
0 .  
0. 
0 .  
0. 
0 .  

0. I 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
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3 
SECTION 3 

CHARACTERIZING  AIR CUSHION PERFORMANCE IN FRONTAL  IMPACTS 

Estimates  of  the  performance  of  three  different  driver 
air  cushion  systems  were  obtained  for  three  different 
groupings  of  vehicle  classes  at  barrier  equivalent  velocities 
(BEVs)  between  threshold-of-deployment  levels ( ~ 1 1  mph)  and 
50 mph. 

The  passenger  vehicle  classes  were  collapsed  into  three 
groupings  as  follows: 

1. Minivehicle  This  class  is  unchanged over that  defined 
previously. 

2. Compact/  As the  designation  would  indicate,  this 
Subcompact  class is made  up  of the  compact and  sub- 

compact  vehicle  classes  as  defined  previously. 

3 .  , Full-Size  This  class  combines  the  full-size  and  inter- 
mediate  classes  that  have  been  used  previously. 

The  three  restraint  systems  chosen  were: 

1. The 1974-1976 GM ACRS -- This  system has been  defined 
in Section 3.1 of  Volume I. 

2. A  Modified  GM  ACRS -- This  system  has  similarly  been 
defined  in  Volume I. It is the  above  system,  modified 
as necessary  for small  car application. It has  been 
assumed  that  the  improvements  might be incorporated 
eventually  in  full-size  vehicles  and  hence  this  system's 
performance  in  large  cars  was  estimated. 

3 .  A  "Current  Technology"  air  cushion  system -- This  system 
is described  in the  latter  portion  of  Section 3.1, Volume I. 
Its  performance was estimated  in  each of the  three  vehicle 
class  groupings. 

3-1 
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Performance  is  quantized  as  the  expected  peak  resultant 
chest  g  level  (-3ms)  averaged  over  the  different  possible 
frontal  accident  modes  and  occupant  sizes. In a  subsequent 
section, these  g  levels  will  be  associated  with  a  distribution 
of expected  injury  levels (AIS levels). 

I 

Figure  3-1  is  the  result of this  section,  Figure  3-la  being 
for  the  "Prior  Technology"  air  cushion  systems  (items 1 and 
2 above)  and  Figure  3-lb  being  applicable  to  "Current  Technology" 
systems. 

The  curves  of  Figure  3-1were  constructed  using  a  combination 
of experimental  (car  crash)  data,  computer  simulation,  and 
engineering  judgment. The later  two  were  needed  because  crash 
data  for  existing  systems  did  not  cover  the  required  velocity 
range  and  certain  systems  have  yet  to  be  applied  to  all 
necessary  vehicle  classes. 

1 

a 

5 
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"Prior  Technology"  Air  Cushion  Performance 

I 

1. 

2. 

3 .  

A  series  of  barrier  impacts  of 1975 GM  ACRS-equipped 
Oldsmobile 98s-- Tests  were  conducted at nominally 
35 mph  and 40 mph  with  a  50th  percentile  dummy  driver. 
These  data  were  used  to  estimate  performance  of  this 
system  in  full-size  vehicles. 

A  head-on  impact of a 1973 GM  ACRS-equipped  Chevrolet 
Impala  with  an  identical  vehicle  at  a  closing  velocity 
of 60 mph--  The  data  from thiitest was used  to  represent 
performance  of  the  system  in  full-size  vehicles at 30 mph. 

Two SAE  barrier  impacts  of 1974 Vegas-- The two  vehicles, 
impacted at nominally 30 mph,  were  equipped  with  a 
modified  GM  ACRS  driver  restraint  system. That  is,  the 
GM  ACRS  originally  designed  for  use in  large  cars  was 
modified  by  Minicars  to  perform  satisfactorily  in  the 
Vega.  These  data  were used to  characterize  the  performance 
of the  modified  GM  ACRS  system  at  its  design  impact 
condition  in  the  subcompact  vehicle. 

Performance  under  conditions  other  than  those  for  which we 
had  data  was  estimated  using  a  simple  one-dimensional  driver 
airbag  model,  DBAG 2. First,  the  test  data  above  was  used to 
adjust  the  restraint  descriptors  in  DBAG 2 to yield  driver 
whole  body  deceleratiorsmatching  those  observed  in  the  crashes. 
Secondly,  crash  motions  simulating  those  impact  velocities  for 
which  data  was  lacking  were  input  to  the  program  to  predict 
driver  deceleration  levels  under  these  conditions. 

I 

The  results  to  this  point  where  compiled  in  an  internal  Minicars' 
report  entitled  "Engineering  Report,  Estimate of ACRS  Performance"* 
prepared  by  Lonney  Pauls, a consultant  to  Minicars. 

3 

*This.report is on file at Minicars, Inc. 
1 
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The  DBAG 2 simulations  did  not  take  into  account  vehicle 
intrusion  and  pitching  which  would  certainly  degrade  air 
cushion  performance at the  higher  impact  severities.  Only 
the  minivehicle  was  "restraint  limited"  rather  than  "vehicle 
limited" (i.e., considering  intrusion  effects  would  not 
significantly  change  the  results  for  this  vehicle  class 
grouping.)  For  the  other  two  vehicle  class  groupings,  the 
DBAG  2  simulation  data  above  30-35  mph  was  modified by 
engineering  judgment. The  exception  to  this  was  the  full-size 
vehicle  equipped  with  the  1974-1976 GM ACRS  where  test  data 
existed  to  40  mph.  An  extrapolation  beyond  this  point,  based 
on  the experimental  data  trend,  was  done  in  this  case. 

"Current  Technology"  Air  Cushion  Performance 

The  following  laboratory  crash  data  were  available  to  us  for 
estimating  the  performance of the  current-technology  driver 
air  cushion. 

1. A  series  of  barrier  impacts  of  1974  Ford  LTDs  equipped 
with  a  "current  technology"  driver  ACRS -- These  tests 
were used  to  represent  the  performance of this  system  in 
full-size  vehicles at BEVs  from 30 to45 mph. 

2. A  series  of  barrier  and  car-to-car  frontal  impacts  of 
1975 Volvo  244s  equipped  with  advanced air  cushions -- 
These  tests  have  been  conducted  under  a  variety  of  real- 
world  frontal  impact  conditions  at  BEVs  ranging  from 
30  mph  to  50  mph. These  data  were  used  to  represent  the 
performance of "current  technology"  air  cushions  when 
installed  in  cars of the  compact/subcompact  vehicle 
grouping. 

Again,  DBAG 2 simulations  were  used  to  extrapolate  the  data  to 
lower  velocities  and  to  model  the  "current  techxology"  system 
in  a  minivehicle*.  Full-size  and  compact/subcompact  vehicle 
data  above  45-50  mph  were  provided  by  exercising  engineering 
judgment. 

*Honda  Civic  crash  performance  was  used to represent  minivehicle 
crash characteristics. 
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SECTION 4 

SUMMARY OF BENEFIT METHODOLOGY 

T h i s   S e c t i o n   b r i e f l y  describes t h e  methodology  used t o  
g e n e r a t e   t h e  "A" and "B" t a b l e s   c o n t a i n e d   i n  t h e  Appendix. 
The fol lowing are desc r ip t ions   o f   t he   impor t an t   a r r ays ,  
d i s t r ibu t ions ,   and   t ransformat ions   used   in   the   methodology.  

RESTRAINED F-ARRAY (F ) gives t h e   p r o b a b i l i t y   t h a t  a 
p a r t i c u l a r   i n j u r y  level ( A I S )  i s  i n c u r r e d   f o r  a p a r t i c u l a r  
&V c o l l i s i o n  for  a g iven   r e s t r a in t   sys t em,  vehicle c l a s s ,  
and seat p o s i t i o n .  

UNRESTRAINED F-ARRAY (FUnS) g ives  the  p r o b a b i l i t y  t h a t  a 
p a r t i c u l a r   i n j u r y  level ( A I S )  is incu r red  for  a p a r t i c u l a r  
AV c o l l i s i o n .  Funs i s  der ived  from t h e   a d j u s t e d  MDAI f i l e .  

res 

G vs hV CURVES are c u r v e s   o f   a c c e l e r a t i o n s ,   i n  g's, encoun- 
t e r e d  as a func t ion   o f  AV f o r   t h e   v a r i o u s   r e s t r a i n t   s y s t e m s  
cons ide red   and   fo r   t he   un res t r a ined  case (corresponding t o  
Fun$) Data f o r   t h e s e   c u r v e s  were obtained as descr ibed  
i n   S e c t i o n  3.  

AY DISTRIBUTIONS IN(&V) J are t h e  numbers  of  occupant  inj- 
u r i e s / f a t a l i t i e s   i n   t h e   f r o n t a l  mode per  AV increment (5 mph) 
by year  and seat pos i t i on .   These   a r e ' de r ived   f rom  r e l a t ive  
v e l o c i t y   d i s t r i b u t i o n s ,   o b t a i n e d   i n   t u r n  from  adjusted P D A I  
f i les and vehic le   weight   d i s t r ibu t ions   and   in jury   exposures  
relative t o  1977. 

RPROB DISTRIBUTIONS are d r ive r /pas senge r   r e s t r a in t   p roba -  
b i l i t i e s  by v e h i c l e  class and year ,   ob ta ined  as i n d i c a t e d  
i n  Section 2, m u l t i p l i e d  by t h e   a p p r o p r i a t e   r e s t r a i n t   u s a g e  
rate.  

The r e s t r a ined   F -a r r ay ,  F res , f o r  a g i v e n   v e h i c l e   c l a s s  (VEH) , 
s e a t   p o s i t i o n  (SP) , a n d   r e s t r a i n t   t y p e  (RST) , is  determined 
from t h e  G vs &V curves and  the  unrestrained  F-array,  Fun@, 
as  fol lows:  The veloci ty   bounds  of   the kth-AV row i n   F r e s  
are used i n   t h e  G vs AV curves  t o  determine  the  corresponding 
G-values from the   res t ra ined   curve :   these   G-va lues  are t h e n  
used t o  o b t a i n   t h e   a s s o c i a t e d  lower and  upper velocities 
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v1 and Vu from t h e  unres t ra ined   curve .  [The "B" 
unS  

t a b l e s  were produced by d iv id ing   t he   G-va lues   fo r   t he   a i rbags  
bags by 1.5  before   determining VIUns and Vuuns.] The prob- 
ab i l i t i es  for each i n j u r y   l e v e l  bounded  by V I U n s  and VuUn$ 
i n  t he  unrestrained  F-array are obtained by weighting  and 
summing ac ross  AV w i t h i n   t h a t   v e l o c ' t  nge  determined  by 
VIUnf  and VuUnvJ and t h e   p r o b a b i l i t i e s   & r a n s f e r r e d   t o   t h e  
c o r r e s p o n d i n g   i n j u r y   l e v e l s   i n   t h e  Fres a r r a y .  

\ 

I 

M W  

t a l  number of i n j u r i e s  i n  t h e   k t h   v e l o c i t y   r a n g e  
-is determined  from  the AV d i s t r i b u t i o n .  F~~~ times a 
times RPROB(VEH,SP,RST) i s  then  the  number o f   i n j u r i e s  
i t h   i n j u r y   l e v e l ,   k t h   v e l o c i t y   r a n g e ,  for  the given 

v e h i c l e  class, s e a t   p o s i t i o n ,  and r e s t r a i n t   t y p e   f o r  a given 
year  and  implementation scheme. Summing t h i s  product   over  
a l l  AVs ,  veh ic l e  classes, s e a t   p o s i t i o n s ,   a n d   r e s t r a i n t  
t y p e s   r e s u l t s   i n  N I N J ( A I S , Y R , I M P L M )  , t h e  t o t a l  i n j u r i e s   i n  
t h e   f r o n t a l  mode by  AIS,  year [YR] , and  implementation 
scheme IIMPLM]. Summing N I N J  app ropr i a t e ly   ove r   i n ju ry  
l e v e l s   r e s u l t s   i n   t h e  number of moderate  [AIS 1 + A I S  2 I r  
severe [ A I S  3 + A I S  4 + A I S  51,  and f a t a l  [ A I S  61 i n j u r i e s ,  
r e p o r t e d   i n   T a b l e s  A-1  through A-13 and B-1 through B-13 
of the  Appendix. 
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* APPENDIX 

TO : MINI  CARS, INC. 

FRO?? : KItJETIC RESEARCH, INC. 
45 I3 VERF!OfJ BOULEVARD 
MADISON,  IVISCONSIN 53705 

DATE: 2 1 JUNE 19.77 

TABLES A- ( 1-1 3 1 DI-FFER FROM TABLES 3- ( 1-1  3 ) OMLY IrJ THE 
G-FORCE  FACTOR APPLT ED TO THE 3 AI R-RLAG RESTRAINT  SYSTEXS 
(ADVANCED, G?4 1972, AND MODIFIED G'? 1972 ACRS) A-TABLES 
ASSIIYE  AIR-BAG  G'S = UNRESTRAINED G'S. B-TABLES  ASSUME 
AIR-EAG G'S = 1.5 TIBIES UNRESTRAINED  G'S. 

IMPLEMENTATIO!J  SCHEMES 14 AND 14A REFER  TO  THE PROBABILITY 
SCHEFJES (DRIVER/PASSENGER  RESTRAIPJT PROBABILITIES BY VEHICLE 
CLASS AF4D FISCAL Y E A R )  PROVIDED TO US BY 131NICARS. 

SCHEME 4 I S  SIMPLY  THE PROJECTIO?! OF  THE  CURq'EFJT  VEHICLE 
POPULATION LOSSES  (TAKING INTO  ACCOUNT ONLY THE  PROJECTED 
IIICREASES OF J'INJURY EXPOSURE  RELATIVE TO 1977" AF!D CI+AP,JGI??aS 
"AVERAGE VEHICLE WEIGFiT" DIST2IBUTIO!!, AND XSSU::lI?JG NO ? ! E l l  
RESTRAINT  TYPES A R E  IMTRODUCED) . THIS SC!-lE?:fE  SERVES ,\.S A 
BASELINE  AGAINST c?I!-?ICI4 SCHSIIES 0. 14, AFJU 14A A R E  COI..IPARED. 
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TABLE A- 1 

G-FACTOR = 1 .O 

YEAR MODEQATE .SEVERE FATALITY 

. . _  TABLE A- 2 

G-FACTOR = 1.0 

Y E A R  XUDEHATE SEVERE FATAL I TY 

1977 5 633.92 4-71  14. 14676. 
1978  569989. 4i762. 14927. 

1930 584670. 49256. 1 5 - 3 2 .  
1979  576755 . 48453 . 15212. 

1 
1 
1 
1 
1 

1 9.77 
1978 
1979 
1980 
1981 
I982 
1983 
1984 
I935 
1986 

1988 
1989 
1990 

1.987 

563392 . 
556755. 
584670. 
589095 . 
584754 . 
571741. 
5554 1 1  . 
54236 1 . 
529927. 
520047. 
512823. 
508997. 
506470. 

569909. 
47  114. 
-47762. 
48453. 
,49276. 
4968.9. 
48.914 . 
47315. 
453 68.  
43.769. 
42282. 
40964. 
3.9942 
3924.9 . 
38717. 

14676 . 
14327. 
.15212. 
1 5572 . 
15763. 
.I 5472 . 
1 4944 . 
14275. 
13745 . 
13267. 
12788. 
12.435. 
121Y6. 
12006. 

?a 1 568815. 49644. 15-1‘3(3 . 
982  585475 . 49  104. 1 5.3 5 4 . 
953  5723.77. 47509. 15304. 
984 559254. 456b0. 14439. 
935 53  1396. 42450. 13315. 
9G6 504704 . 39389. 12276. 1 

1988 460684. 34157.  1043b. 

1990  4322.96 30585.  9201 

I997 478324 . 36413. ,11243. 

1989 444788. 32 175. 9748 . 
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TABLE A- 3 

G-FACTOR = 1.0 

I\JU!4BER OF INJURY AND FATALITY  LOSSES BY Y E A R  
ASSUMIE.!C; I !IPLEMEiJTATIOf~J SCHEA!E 4 

YEAR MODERATE  SEVERE  FATAL I TY 

1977 563392. 471  14. 14676 . 
1.978 569989. 4.7762. 14927. 
1979 576755. ,48453 . 15212. 
1980 584670. ' 49276 . 15572 . 
,198 1 5925.77 . 50048. 15x7 
1982 600874 . 50808. 16139. 
1983 61 1717. 5 18i6. 16562. 
1984 62 1798. 52805. 16887. 
1935 6338.96 . 53.946 . 17312. 
1.986 044464. 54942 . 1 767.9. 
1957 655706. 55 928 . 17998 . 
1988 666765. 56924. 1 8344. 
1989 680069. 58106. 18751 . 
1990 693539. 59315. 1 9 I 73 . 

TABLE A- 4 

G-FACTOR = 1.0 

Y E A R  XODE!?ATE SEVERE  FATAL I TY 

1977 
1073 
1979 
1980 
1981 
1.982 
1933 
1934 
1985 
1986 
.1987 
1988 
1989 
1 990 

563392. 
5699E29. 
576755. 
584670. 
567525. 

562171 . 
542872 . 
527975 . 
513634. 
50 1 992 . 
49306 1 . 
487575. 
483940. 

579622 . 
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471  14. 
47762. 
40453 . 
492i6. 
49695. 
49327 . 
48457. 
47406. 
46705 . 
46069. 
45520. 
45212. 
45  169. 
45  189. 

14676. 
14027 . 
,15212. 
15572. 
1579Y. 
158330 
15828 . 
15721. 
15734 . 
15774. 
15760. 
15842. 
16002 .' 
161 44. 



TAELE A- 5 

G-F.4CTDR = 1 .O 

YEAR MODERATE SEVERE FATALITY 

1977 
1978 
1979 
1980 
1981 
I 982 

- - 1  983 . -  

I984 
19135 
1986 
1987 
1983 
1989 
1 990 

0 .  
0.  
0 .  
0. 

3482 . 
16120. 
3997%. 
66387. 
91535. 

114536. 
135659. 
1 53.93 7 . 
171072. 
18706.9. 

0. 
0 .  
0. 
0. 

359. 
1874. 

- 4561. 
7436. 

101i8.  
12661 . 
14963. 
1 6982 . 
20593. 
1 €,857. 

TABLE A- 6 

0.  
0.  
0 .  
0 .  

110. 
606 . 

1618.- 
2612. 
3566. 
4412. 
52 10. 
5909 
6554 . 
7167. 

6 

SU!.IMARY OF BENEFITS FROM IhlPLEMENTATION  SCHEME 1 4 A  
(EASCLIt.JE  PROJECTIOM LOSSES  b!INUS  SCHE??E-l4A  LOSSES) 

1 
Y E A R  MODERATE SEVERE FATAL I TY 1 

1 

1.9.7 7 
1978 
1979 
1980 
98 1 
982 
933 
984 

986 
987 

985 

988 

0. 0. 
0.  0. 
0 .  0. 
0. 0. 

404 . 
1704. 
4367. 
7124. 

1 1  487. 
15553. 
J9514. 
22767. 

0 .  
0 .  
0 .  
0 .  

1 Y 

.I 
I 
1 
1 
1 
1 
1 
1 -  ~ 

1989  23528 I 2593 1 9003 ) 
1 990 26 1243 . 28730. 9972 . 

139. 
535 . 

1498. 

3994. 
5403 . 
67  55 . 
7906. 

2398. z- 

1 
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