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1.0 Introduction - 
The thorax, which houses vital body organs, is the site of more 

severe and fatal injuries (AIS 3-6) among automobile accident victims 

than any other body region (Ricci, 19801) ,* Protection of this region 

is an important concern of automotive safety design engineers and the 

government agency who sets Federal Motor Veh i cl es Safety Standards 

(FHVSS) . Just as in the development of knowledge about head/brai n 

injury (see Hess, Weber, and Melvi n, 19802) , regulators and engineers 

have been unable to rely on field accident data to study injury 

mechanisms. Instead they have used the more scientific data coming from 

laboratory impact experiments with animals, cadavers, and human 

volunteers to determine an acceptable level of protection and to measure 

whether or not a system achieves this level. 

This study reviews the laboratory research on chest impact 

tolerance, as reported in the literature, and traces the development of 

occupant protection regulation by the National Highway Traffic Safety 

Administration (NHTSA) in relation to this research. Attention is 

focl~sed on recent developments in biomechanical knowledge about the 

thorax, and suggestions for further research are made. 

The main body of the report contains the review of significant 

literature and regulation relating to chest injury and impact tolerance 

and includes a list of the primary references. Appended to the report 

are excerpts from the Federal Register referred to in the review and an 

extensive bibliography. An additional appendix presents chest injury 

accident data from NHTSA's National Crash Severity Study (NCSS). 

*superscript numbers refer to citations listed in section 8.0: 
References. Citations may also be identified by author (s) and date in 
Appendix 8: Bibliography. 



2.0 Early Research on Thoracic Tolerance and Injury - 
Mechan i sms: 1946- 1966 

Much of the research during this period, in which basic engineering 

data were sought with regard to thoracic impact tolerance and blunt 

injury mechanisms, is summarized in the state-of-the-art paper by Mertz 

and Kroell (1970)'. Only selected work reviewed there that relates to 

FMVSS development, as well as some Mhole-body acceleration research, 

will therefore be mentioned here. 

Bierman, Wilder, and Hellems (1946)' reported on tests in which 

young male volunteers received chest impacts through a restraining 

harness attached to a dropped-weight device, With a standard lap/ 

double-shoulder harness configuration (76 sq. in.) , load "tolerance," 

defined as producing a painful reaction and various minor injuries, was 

found to be about 2000 lb. These tests led to the development of a 

vest-type restraining harness that distributed loads over a larger area 

(156 sq. in.) and absorbed some of the energy through control led 

stretching. With this harness, peak loads in the range of 1800 to 3000 

lb., the peaks being reached at 50 to 70 ms, were sustained without 

injury. The experiments also confirmed that rate of onset affected load 

tolerance, with peaks reached within less than 30 ms being "very 

uncomf or tab 1 e .I1 

Whole-body rocket-sled data provided by Stapp (1951)' and 

summarized by Ei band (1959) indicated that harnessed thorax 

accelerations up to 40 g were tolerable as long as the duration of 

acceleration at this level did not exceed 0.1 second. The maximum 

voluntary tolerance observed was 45 g for 44 ms, with a pressure under 

the restraining harness calculated to be 36.5 psi. Rate of onset was 



aga in  found t o  a f f e c t  t o le rance  t o  maximum acce le ra t i ons ,  w i t h  peaks o f  

30 g  reached a t  1000 g/s becoming d e b i l i t a t i n g .  

A ches t  load l i m i t  o f  2500 l b . ,  which i s  i n  t he  range found 

t o l e r a b l e  by Bierrnan e t  a l .  above, was i nco rpo ra ted  i n t o  Federal 

Standard no. 515/4 on energy absorbing s t e e r i n g  systems t h a t  was issued 

by the  General Serv ices Admini s t r a t  i o n  (GSA) on June 30, 1965 [ I ]* ,  and 

r e v i s e d  as 515/4a on J u l y  15, 1966 [ 2 ] .  The t e s t  procedure invo lved a  

15 mph impact w i t h  a  75- t o  80- lb .  torso-shaped body b lock  ( l a t e r  t o  

appear i n  an S A E  s tandard)  w i t h  a  chest-area s p r i n g  r a t e  o f  600 t o  800 

l b . / i n .  An a d d i t i o n a l  requirement was t h a t  the  s t e e r i n g  c o n t r o l  system 

cou ld  n o t  d i s p l a c e  rearward more than 5 inches d u r i n g  a  30-mph ( i n  t he  

r e v i s e d  vers ion)  b a r r  i e r  t e s t .  Automob i l e  s a f e t y  engineers proceeded t o  

des ign  energy absorb ing  s t e e r i n g  wheels and columns t h a t  would meet 

these standards.  

I n  a  b r i e f  paper d e s c r i b i n g  the  fo r thcoming S A E  recommended t e s t  

procedure f o r  s t e e r i n g  wheel systems (SAE J944, 1965'), F rede r i cks  

(1965) h o t e d  t h a t  " t he  complex problems assoc ia ted  w i  t h  t o l e r a n c e  o f  

t he  t h o r a c i c  reg ion  o f  t he  body and i n t e r n a l  organs have no t  y e t  been 

d e l i n e a t e d  s u f f i c i e n t l y  t o  pe rm i t  d e f i n i t i o n  o f  meaningful performance 

reqluiremerrts f o r  chest  impacts." He a l s o  observed t h a t  o the r  p a r t s  o f  

t he  body, i n c l u d i n g  the  abdomen, face, and neck, can a l s o  s t r i k e  t h e  

s t e e r i n g  assembly d u r i n g  a  crash, depending on v e h i c l e ,  d r i v e r ,  

r e s t r a i n t ,  and acc ident  v a r i a b l e s ,  and t h a t  t o l e r a n c e  l e v e l s  f o r  these 

reg ions  a l s o  need t o  be es tab l ished.  

A t  t he  N i n t h  Stapp Conference, s t a t i c  and dynamic t h o r a c i c  

s t i f f n e s s ,  measurements were repo r ted  by P a t r i c k ,  K r o e l l ,  and Mertz 

* 
Bracketed numbers r e f e r  t o  excerp ts  i n  Appendix A o f  t h i s  r e p o r t .  



(1965) ' f o r  several  embalmed cadaver sub jec ts .  S t a t i c  l oad ing  i n  t h e  

a n t e r i o r - p o s t e r i o r  d i r e c t i o n  by a 4-inch-wide bar y i e l d e d  force- .  

d e f l e c t i o n  values from 185 t o  400 I b . / i n .  Chest impacts a t  16.5 mph 

aga ins t  a 6-inch-diameter padded t a r g e t ,  however, r e s u l t e d  i n  

approximately constant  s p r i n g  r a t e s  o f  1000 I b . / i n .  f o r  loads up t o  900 

lb .  f o r  two d i f f e r e n t  sub jec ts .  R ib  f r a c t u r e s  apparent ly  occurred a t  

t h i s  p o i n t  and s t i f f n e s s  dropped markedly, b u t  i t  then increased aga in  

t o  about 500 l b . / i n .  as the  i n t e r n a l  organs began t o  be compressed. 

Peak fo rces  o f  1400 and 1600 l b .  were reached i n  these t e s t s ,  and chest  

d e f l e c t i o n  was about 1.5 and 2 . 5  in . ,  r e s p e c t i v e l y .  D e f l e c t i o n  was 

measured by way o f  f i l m  a n a l y s i s  o f  a rod  i n s e r t e d  through the  thorax 

and p r o t r u d i n g  from t h e  back o f  t he  t e s t  sub jec t .  The authors  po in ted  

o u t  t he  fundamental d i f f e r e n c e  between the s t i f f n e s s  c h a r a c t e r i s t i c s  o f  

t he  thorax  under gradual  vs.  sudden load ing c o n d i t i o n s .  The s t i f f e r  

response i n  the  l a t t e r  case was exp la ined  as be ing  due t o  the  i n e r t i a l  

f o r c e  g rad ien ts  developed i n  t h e  t h o r a c i c  c a v i t y  d u r i n g  impact and the  

v iscous behavior  o f  t he  t h o r a c i c  v i s c e r a .  

The behavior  o f  t h e  i n t e r n a l  organs d u r i n g  b l u n t  impact t o  the  

chest  w i t h o u t  r i b  f r a c t u r e  and t h e  mechanism o f  r e s u l t i n g  i n j u r i e s  t o  

the  a r t e r i a l  system were s t u d i e d  by Roberts, Mo f fa t ,  and Berkas 

(1965) l o .  Anesthet ized dogs were s t r u c k  a t  midsternum by a 3- inch- 

diameter impactor. The authors  found t h a t  t e a r s  i n  the  a o r t a  and g rea t  

vesse ls  were i n  the  t ransve rse  r a t h e r  than the l o n g i t u d i n a l  d i r e c t i o n  

and t h e r e f o r e  p o s t u l a t e d  t h a t  these t e a r s  were caused by the  

displacement o f  t he  h e a r t  i n t o  the  l e f t  s i d e  o f  the  chest ,  r a t h e r  than 

by pressure  surges w i t h i n  the  vascu lar  system d u r i n g  impact. T h i s  

reasoning was probably i n v a l i d ,  however, because l a t e r  work (e.g., 



Yamada, 1970 ") has shown that arterial tissue is significantly stronger 

in the hoop-stress direction of the vessel than along its length and is 

th~us more likely to experience transverse tears when stressed. 

In 1966, the energy absorbing (EA) steering column, as described by 

Skeel s (1966) 12, became standard equipment on most 1967 model -year 

domestic automobiles. A spectacular, very severe frontal collision was 

also reported, which was the first-known case of an E A  column in a real 

accident, The lap-belted driver received no chest injuries whatever, 

the column having crushed 5 3/8 inches. 

3.(3 Standards Development: 1966- 1972 

3.1  FMVSS 203 and 204 

In December 1966, NHTSA proposed its own regulations to supersede 

515/4a. FMVSS 203, "Impact Protection for the Driver from the Steering 

Control System" [3], proposed to 1 imi t the force on the body block chest 

to 1800 lb., to 1 imi t the contact area pressure to 50 psi, and to 

require that the peak load would not be reached before 10 ms, A 

separate proposa 1, FMVSS 204, "Steer i ng Control Rearward 0 i spl acement" 

[4], placed a 3 inch limit on this displacement. 

Vehicle manufacturers argued that a need for a lower load limit, 

tested at 15 mph, did not appear to be based on laboratory test data, 

and that systems providing such lower loadings might in fact provide 

insufficient protection in real crashes at higher speeds. E A  columns 

then in production had been designed to the earlier GSA specifications 

and were found to be working well in the field. The more stringent 

allowance for rearward displacement was objected to for similar reasons. 

The realism of the body block's chest stiffness was also called into 

question, as it would affect test results for both peak load and contact 



area pressure. Cadaver chests had indeed been found to be softer than 

the body block by Patrick et al. (1965)~, both in static tests and in 

dynamic tests at high impact loads. A precise method for measuring 

contact area also needed to be specified, 

Engineers involved with designing and testing E A  steering systems 

had determined that other factors than those addressed in FMVSS 203 were 

important for adequate occupant protection. These design features 

affected the chest/shoulder load distribution and included the area of 

the steering wheel hub, the strength of the spokes, and the angle 

between the hub and the spokes, or the actual dish-shape of the system, 

The rules [5,63 were final ized in February 1967. The maximum chest 

load was returned to 2500 Ib., the allowable dynamic rearward 

displacement was again 5 in., and the pressure and rate-of-onset 

requirements were dropped. No changes were made, however, to the 

specifications of the body block.' Later in the year, a general proposal 

[7] was issued stating that contact-area pressure and rate-of -onset 

limits were still being considered. An additional proposal [81 

mentioned the possibility of requirements limiting occupant compartment 

intrusion from exterior impact to the front, side, rear, or roof of a 

vehicle, 

Further chest impacts with a cadaver were reported by Patrick, 

Mertr, and Kroell (1967)13. Tests were run at increasing velocities for 

the same specimen and were aimed at determining rib fracture threshold. 

Findings were consistent with the earlier experiments, in that r i b  

fracture apparently occurred at about 900 pounds of load during a 16.8 

mph impact, and deflection was measured at 1.7 inches for a peak load of 

1340 pounds. lmpac tor geometry prob 1 ems prec 1 uded measurement of 



initial chest stiffness, but deflection of 1 inch occurred at about 1000 

pounds load. 

Design evaluation of the General Motors E A  steering assembly was 

guided by Patrick's data and was reported by Gadd and Patrick (1968) 14. 

Two embalmed, lap-belted cadavers were used in sled tests at 24.4 mph, 

and one subject was used in a second test at 29.4 mph. As the cadavers 

rotated around the lap belts into contact with the E A  systems, the 

columns crushed from 4 to 5 3/4 inches, and the force developed on the 

upper body ranged from 1630 to 1810 pounds. No skeletal damage resulted 

frolm the lower speed tests, but rib fractures did occur after the higher 

velocity test on the repeated subject. in the case of this second 

cadaver, instrumentation allowed the separation of load measurements 

between the wheel r im and hub. A 1  though total load was 1810 pounds in 

the non-injurious test, only 740 pounds were from the hub, we1 l below 

the rib fracture threshold determined by Patrick et al. above for impact 

conditions similar to a hub alone. The wheel rim thus distributed the 

remainder of the load to the shoulders, abdomen, and head, but also 

without apparent injury. The authors concluded that the "wrap-around" 

effect observed in these tests significantly reduced chest loads, but 

that these reductions would not occur using the stiff body block of SAE 

J94,b. 

The state of understanding of cardiovascular injury mechanisms 

during thoracic impact was summarized in the introduction to a medical- 

engineering study of 67 accident cases in which such injury might be 

expected. Lasky, Siegel, and Nahum (1968)15 identified three possible 

occurrences: (1) shearing of vessels at their attachments to the heart, 

(2) d i  rect compression causing bruising and other damage, particularly 



when h e a r t  displacement i s  r e s t r i c t e d ,  and (3) development o f  f l u i d  

pressure  waves w i t h i n  t h i s  c losed system. The authors  promoted t h e  

l a t t e r  concept by i n t r o d u c i n g  the  idea o f  a  " t h i r d  c o l l i s i o n "  between 

t h e  i n t e r n a l  organs and the t h o r a c i c  s k e l e t a l  s t r u c t u r e ,  d u r i n g  which 

" t h e  sudden d e c e l e r a t i o n  of t he  b lood can produce a  water hammer 

e f f e c t , "  o r  a  l a r g e  increase i n  pressure.  Resu l ts  o f  t he  study 

conf i rmed the  va lue  o f  E A  s t e e r i n g  assemblies and brought  the  problem o f  

s i d e  impact i n j u r i e s  t o  1 i g h t :  

The mechanisms o f  card iovascu lar  i n j u r y  i n  s i d e  impact 
c o l l i s i o n s  appear t o  be caused bo th  by d i r e c t  impact w i t h  the  
s i d e  door and arm rest . . .They represent  an i nc reas ing  problem 
and w i l l  r e q u i r e  r a t h e r  s p e c i f i c  design s o l u t i o n s  t h a t  a t  
l e a s t  reduce i n t e r i o r  p e n e t r a t i o n .  

3.2 Side Impact and FMVSS 208 

I n  December 1968, a  proposal [g] on s i d e  i n t r u s i o n  p r o t e c t i o n  was 

issued. Rather than p r o v i d i n g  s p e c i f i e d  l i m i t s ,  the  proposal  was i n  the  

form o f  a Consumer In fo rma t ion  Regu la t ion  (CIR) t h a t  would p rov ide  an 

" i n t r u s i o n  p r o t e c t i o n  va lue"  f o r  each car based on th.e work r e q u i r e d  t o  

c rush a door w i t h  a  12-inch-diameter c y l i n d e r  t o  w i t h i n  12 inches o f  t he  

neares t  occupant 's  c e n t e r l i n e  and sca led t o  the  we ight  o f  t he  v e h i c l e .  

Recogniz ing t h a t  occupants do n o t  s tay  i n  p lace  d u r i n g  impacts, t he  

p r o t e c t i o n  concept was mod i f i ed  i n  January 1970 [ lo ]  t o  t e s t  f o r  t he  

average f o r c e  requ i red  t o  crush a  door 12 inches. The r e s u l t i n g  va lue  

was thus t o  be a  measure o f  s i d e  door s t reng th .  T h i s  i n fo rma t iona l  

p roposa l ,  however, was never enacted. 

Instead,  a  r e g u l a t i o n  [12] was proposed i n  Apri  1 1970 t h a t  would 

r e q u i r e  minimum r e s i s t a n c e  o f  s i d e  doors t o  crush. NHTSA c i t e d  the  

f o l l o w i n g  reasons f o r  t he  proposal :  



Recent studies demonstrate that in side impacts the percentage 
of dangerous and fatal injuries increases sharply as the 
maximum depth of penetration increases, and that in fatal side 
collisions, most occupants die from side structures collapsing 
inward on them, rather than from their striking the door. 

Tests resulting in three crush depths, 6, 12, and 18 inches, were 

proposed with minimum forces of, respectively, 2500 lb., 3750 lb., and 

tw~ice the vehicle's weight to effect this crush. The intermediate test 

also included a vehicle-weight adjustment factor. In the final FMVSS 

214 rule [I61 issued in October, however, the force for the "initial" 

crush resistance test was lowered to 2250 Ib. for the benefit of small 

cars, the weight factor was removed and the force reduced to 3500 

Ib. for the "intermediate" test, and a ceiling of 7000 lb. was placed on 

the "peak" crush test for the benefit of larger cars. 

A proposal [I 31 i ssued in May 1970 was the f i rst to i ncorporate 

automatic (passive) crash protection into FMVSS 208. The restraint 

systems were to be tested against "basic injury criteria with reference 

to an anthropomorphic dummy, expressed in terms of maximum forces and 

pressures on critical parts of the body." The tests were to use the 

dummy described in SAE J963 (1968) l 6  and consisted of a frontal fixed- 

barrier crash at 30 mph the first year as well as lateral and rollover 

tests the following year. The proposal specified that "the resultant 

chest acceleration shall not exceed 40 g." Unlike the criteria for head 

protection, acceleration was not allowed to exceed this limit even for a 

few milliseconds. In addition, the force developed on the chest was 

limited to 1200 Ib. and the pressure to 50 psi, 

Arguments from the automobile industry and justifications from 

NHTSA have been summarized in a report by the U.S. National . 

Transportation Safety Board (1979) 1 7 .  ' In a moment of candor at a pub1 ic 



meet ing on the  proposal ,  an NHTSA spokesman s t a t e d  t h a t  i t s  problem was 

" t o  e s t a b l i s h  l e v e l s  o f  t o le rance  based on the  b e s t  da ta  which was 

a v a i l a b l e .  I n  some cases, t h e  data  was n o t  ava i l ab le . "  An i n d u s t r y  

spokesman c e r t a i  n l  y  agreed when he commented t h a t  "apa r t  f ram the 

requirements o f  5.4.4.2 [head a c c e l e r a t i o n  c r i t e r i a ] ,  we know o f  no 

pub l ished data  which cou ld  have been used as a  bas i s  f o r  t he  i n j u r y  

c r i t e r i a  l e v e l s  g i ven  i n  t h i s  sec t i on . "  Indeed, the  use o f  r e s u l t a n t  

a c c e l e r a t i o n  a t  a  s i n g l e  l o c a t i o n  as a  measure o f  p o t e n t i a l  i n j u r y  i s  

more approp r ia te  t o  a  somewhat r i g i d  body, such as the  head, than i t  i s  

t o  a  ve ry  f l e x i b l e  s t r u c t u r e  1 i ke  the  thorax .  A 1  though the  chest  

dynamic s p r i n g  r a t e  s p e c i f i e d  f o r  t h e  S A E  J963 dummy was 800 t o  1000 

l b . / i n . ,  a  range s i m i l a r  t o  i n i t i a l  chest  s t i f f n e s s  found exper imen ta l l y  

i n  cadavers, t he  r e l a t i o n s h i p  between the  t e s t  c r i t e r i a  and r e a l  i n j u r y  

was quest ionab le .  

I n  the  l abo ra to ry ,  research cont inued w i t h  the  goal o f  e s t a b l i s h i n g  

re1 i a b l e  thorax  dynamic response and i n j u r y  to le rance  data.  Nahum, 

Gadd, e t  a1 . (1970) conducted t e s t s  o f  bo th  embalmed and unembalmed 

cadavers and compared t h e  r e s u l t s  t o  those o f  Pat r  i ck e t  a1 . (1965) and 

(1967) l a .  Subjects were s t r u c k  a t  known v e l o c i t i e s  by a  6- inch-  

d iameter,  42.5-pound, r i g i d  su r face  impactor. T h i s  t e s t  method e f f e c t e d  

impact c o n d i t i o n s  s i m i l a r  t o  those o f  the  e a r l i e r  t e s t s .  Load- 

d e f l e c t i o n  curves and r i b  f r a c t u r e  data,  bo th  from X-ray d iagnos is  and 

d i s s e c t i o n ,  i n d i c a t e d  t h a t  the  f r a c t u r e  th resho ld  occurred a t  about 2 

inches d e f l e c t i o n ,  a  va lue  c o n s i s t e n t  w i t h  P a t r i c k ' s  f i n d i n g s ,  b u t  t h a t  

thoraxes were l ess  s t i f f  and damage occurred a t  lower loads than i n  the  

e a r l i e r  s tud ies .  The unembalmed specimens i n  the  c u r r e n t  stuay 

sus ta ined la rge r  d e f l e c t i o n s  and more f r a c t u r e s  a t  lower f o r c e  l e v e l s  



than d i d  the  embalmed cadavers i n  any o f  t he  s tud ies ,  R ib  f r a c t u r e s  

occurred i n  f i v e  o f  s i x  unembalmed sub jec ts  under maximum loads rang ing 

from 350 t o  680 lb .  The authors pos tu la ted  t h a t  the  d i f f e r e n c e s  i n  

gross chest  s t i f f n e s s  might  be r e l a t e d  t o  d i f f e r e n c e s  i n  embalming 

procedures, as w e l l  as the  lack  thereof ,  b u t  they caut ioned t h a t  an 

unembalmed, aged cadaver sub jec t  might  n o t  i n  f a c t  be a  good 

rep resen ta t i on  o f  t he  l i v i n g  v e h i c l e  occupant popu la t ion .  The authors 

a l s o  suggested t h a t  t h o r a c i c  i n j u r y  c r i t e r i a  should be based on ac tua l  

i n t e r n a l  i n j u r y  t o  the  lungs, l i v e r ,  aor ta ,  etc. ,  ra the r  than on r i b  

f r a c t u r e  on ly .  

A r ev i sed  FMVSS 208 proposal [14] was issued i n  September 1970 t h a t  

a l lowed a  cumula t ive  p e r i o d  o f  2  ms d u r i n g  which chest  a c c e l e r a t i o n  

corl ld exceed 40 g. I n  a d d i t i o n ,  t he  requirements f o r  f o rce  and pressure 

l i m i t s  were dropped. NHTSA s t a t e d  t h a t  "Most commenters f e l t  t h a t  t he  

f o r c e  and pressure measurements s p e c i f i e d  were beyond the  s t a t e  o f  t he  

a r t , "  and t h a t  c r i t e r i a  based on a c c e l e r a t i o n  a lone was determined t o  be 

adequate. I n  the  same Federal Reu is ter  issue, however, NHTSA proposed 

[ I s ]  t o  lower the  a1 lowable loads on the  body b lock  chest  i n  FMVSS 203 

back t o  1800 lb.,  w h i l e  r a i s i n g  the  t e s t  v e l o c i t y  t o  20 mph. As 

j u s t i f i c a t i o n ,  the  agency s t a t e d  t h a t  "The increas ing amount o f  

knowledge about t h o r a c i c  i n j u r y  th resho ld  l e v e l s  suggests t h a t  the  

a l l owab le  fo rces  should be reduced." I n  a d d i t i o n ,  a  minimum con tac t  

area o f  40 square inches would be requ i red,  t he  s t e e r i n g  wheel hub would 

have t o  be padded, and the  r i m  f l e x i b l e  enough t o  a l l o w  body b lock  

con tac t  across i t s  f u l l  diameter. These changes were never p u t  i n t o  

e f f e c t ,  however, and no new r e v i s i o n s  o f  t he  FMVSS 203 requirements have 

been proposed. 



In November 1970, the first automatic restraint rule [I71 was 

issued, with the chest acceleration at 40 g, except for 2 ms, as 

proposed. The force and pressure criteria were dropped because they 

"were primarily related to belt-type systems, and it has been found that 

no accurate means o f  determining these values presently exists." At the 

same time, a limit on the lateral component of chest acceleration of 20 

g, except for a cumulative period of 2 ms, was proposed [18], along with 

lateral and rollover tests. NHTSA claimed that "biomechanical studies'' 

were showing tolerance to lateral acceleration for both head and chest 

to be much less than frontal tolerance. A review of the literature on 

animal and human lateral impact tests, reported later by McElhaney, 

Stalnaker, et al. (1971) 19, supported this contention. 

Injury Indexes and Changincr Criteria 

The Sever i ty l ndex ($1) , as described in SAE J885a (1966) ", had 

become generally accepted as a fruitful step in the direction of 

calculating head injury potential, but there were no corresponding index 

and threshold values for the chest. At the Fourteenth Stapp Conference, 

Br i nn and Staffeld (1970) 53 proposed a damage index, based on the 

relative displacement of body organs and structures, that could replace 

the SI for head acceleration tolerance and could also be used to predict 

thoracic injury from whole-body acceleration and blunt impact. This 

Effective Displacement Index (EDI) used a simple spring-mass model for 

the body part of interest to determine displacement as a result of input 

pulses of various shapes and durations. For whole-body rocket-sled data 

5 (Stapp, 1951 1 ,  the authors calculated not only the ED1 but also the SI, 

noting that the latter had been employed for chest impacts by "some 

safety testers." The tolerable 45-9 run referred to previously resulted 



i n  an S I  o f  972, a  va lue  very  c l o s e  t o  t h e  head i n j u r y  t h resho ld  o f  

1000. No S l ' s  were ca l cu la ted ,  however, f o r  b l u n t  ches t  impact 

exper iments.  For assessment o f  t he  l a t t e r  type o f  i n j u r y ,  t h a t  found 

most commonly i n  tWe automot ive environment, t h e  authors  recommended 

o b t a i n i n g  t h e  ED1 from a  d i r e c t  measurement o f  s t e r n a l  d e f l e c t i o n .  I n  

t h e i r  c l osu re ,  however, they commented t h a t  t he  c rush ing  i n j u r i e s  now 

seen might  change t o  t he  i n e r t i a l - t y p e  i n j u r i e s  o f  t he  rocke t - s led  t e s t s  

i f  broad, s o f t  sur faces,  such as a i r  bags, proved p r a c t i c a l  i n  t he  

f u t u r e .  

I n  February 1971, NHTSA announced [ I91 i t s  i n t e n t i o n  t o  r e l a x  the  

chest  i n j u r y  c r i t e r i a  by r a i s i n g  t h e  maximum r e s u l t a n t  chest  

a c c e l e r a t i o n  t o  60 g, except  f o r  a  cumula t ive  p e r i o d  o f  3 ms, i n  t e s t s  

o f  au tomat ic  r e s t r a i n t  systems. No separate l a t e r a l  l i m i t  was 

mentioned. The r u l e  [20] was issued i n  March w i t h  the  60-g/j-ms 

requirement,  t o  be measured a t  the  center  o f  g r a v i t y  o f  the  upper 

thorax ,  a long  w i t h  t h e  f o l l o w i n g  comments: 

Several p e t i t i o n s  s t a t e d  t h a t  t he  chest '  i n j u r y  c r i t e r i a  were 
s e t  a t  t oo  low a  l e v e l .  I n  some respects,  a  h igher  "g - l eve l "  
on the  chest  a c t u a l l y  increases t h e  p r o t e c t i v e  c a p a b i l i t i e s  o f  
the  system, i f  p r o p e r l y  designed, s ince  i t  more e f f e c t i v e l y  
u t i l i z e s  the  a v a i l a b l e  space i n  which the  occupant can " r i d e  
down" t h e  c rash impact--an e s p e c i a l l y  impor tan t  f a c t o r  i n  
h igher  speed crashes. 

I n  t h e  same r u l i n g ,  t h e  SI was adopted as the  c r i t e r i o n  f o r  head 

p r c ~ t e c t i o n ,  b u t  i t  was r e j e c t e d  f o r  the  chest  because "The s e v e r i t y  

ind~ex i s  based on biomechanical da ta  d e r i v e d  f rom head i n j u r y  s tud ies  

and does n o t  adapt i t s e l f  r e a d i l y  t o  c h e s t - i n j u r y  usage." 

Ever s i n c e  the  S A E  J963 dummy had been es tab l i shed  as t h e  t e s t  

device,  t he re  had been o b j e c t i o n s  on the  grounds t h a t  i t  was 

inadequately s p e c i f i e d  and d i d  no t  t h e r e f o r e  y i e l d  repeatab le  t e s t  



r e s u l t s .  I n  a d d i t i o n ,  i t  was n o t  designed t o  p rov ide  human-like 

biomechanical response. Once the  r u l e  was issued, w i t h  the  

j u s t i f i c a t i o n  t h a t  t h e  dummy was " the  b e s t  ava i l ab le , "  c r i t i c i s m  

mounted, and the  issue became the  b a s i s  o f  a  s u i t  t o  b lock  t h e  e n t i r e  

automat ic r e s t r a i n t  r u l i n g .  

I n  October 1971, a  f u r t h e r  proposal [22] was made t h a t  would 

r e q u i r e  manual b e l t  systems, which were t o  have been tempora r i l y  a l lowed 

and had h i t h e r t o  been exempt from the t e s t  procedures, t o  meet the  same 

i n j u r y  c r i t e r i a  as the  automat ic systems and a l s o  i nc lude  an i g n i t i o n  

i n t e r l o c k .  These requirements were adopted i n  February 1972 [23] t o  

become e f f e c t i v e  August 1973. 

A t  t he  F i f t e e n t h  Stapp Conference, Mertz and Gadd (1971) prov ided 

some i n t e r e s t i n g  support  f o r  t h e  60-9 1 i m i  t on chest  acce le ra t i on .  An 

instrumented s t u n t  man jumped from 57 f e e t  t o  land on h i s  back on a  

t h i c k  foam mat t ress  and r e g i s t e r e d  a  r e s u l t a n t  a c c e l e r a t i o n  a t  

midsternum o f  49.2 g  w i t h o u t  d i scomfo r t .  A f t e r  a d d i t i o n a l l y  rev iewing 

human to le rance  l i t e r a t u r e ,  the  authors  concluded t h a t  t h e r e  was no 

evidence t h a t  "even a  60 g  chest  a c c e l e r a t i o n  l e v e l  would no t  be 

t o l e r a b l e  w i t h  an adequate r e s t r a i n t  system" f o r  pu l se  d u r a t i o n s  l ess  

than 100 ms. They recognized, however, t h a t  f r o n t a l  chest  impacts were 

cha rac te r i zed  by compression, and t h a t  " i n t e r n a l  organ to le rance  t o  

trauma produced by chest  compression should be s p e c i f i e d  i n  terms o f  a  

t h o r a c i c  compression l i m i t  and no t  an a c c e l e r a t i o n  l i m i t . "  

NHTSA responded i n  J u l y  1972 [24] t o  p e t i t i o n s  t h a t  t h e  i n j u r y  

c r i t e r i a  requirements were n o t  app rop r ia te  f o r  b e l t  systems. "To ease 

the  [chest] requirement somewhat w i t h o u t  p e r m i t t i n g  excessive long 

d u r a t i o n  acce lera t ions , "  NHTSA r u l e d  t h a t  S1<1000 would now become the 



chest injury criterion for seat belt systems manufactured before August 

1975. Other restraint systems continued to be required to meet the the 

60-g/3-ms criterion, and it was expected that be1 t systems would also 

eventually be able to meet the same criterion. In response to comments 

that the SI was not intended for chest application, NHTSA stated in 

October that "it provides a reasonable interim measure of the 

effectiveness of the belt system" 1251. Two days later, a proposal [26] 

was issued to extend S1<1000 as the chest injury criterion for all types 

of restraints manufactured before August 1975, because the former 

criterion "causes occasional failures of restraint s-ystems whose overall 

protective capabilities are judged to be good." The agency went on to 

say "the index operates as a check on the high amplitude, long duration 

spikes that present the greatest hazard to vehicle occupants." The rule 

[27] incorporating the above was issued in November 1972. 

4.0 Dummy Development and Evaluation: 1972-1978 - 
During this period, experimental work was largely directed toward 

estiabl ishing data upon which an anthropomorphic test device (ATD) with a 

reasonable degree of biofidelity could be constructed. Many imagined 

that such a test device could become the primary human surrogate for 

automobile crash testing. 

4.1 Impact Response Corridors - 
Impact tests of ten cadaver chests, using a 22-pound, 6-i nch- 

diameter impactor at 13 mph, were performed by Stalnaker, McElhaney, et 

al. (1972) and force-deflection curves were reported and compared to 

results of previous experimenters. The most consistent finding was the 

relationship between rib fracture and rib cage deflection, no fractures 



being associated with deflections up to 2.1 inches in this study. 

Static compression tests using both human volunteers and cadavers 

confirmed that chest stiffness varied upward relative to the following 

cond i t i ons : (1) unemba 1 med cadaver, (2) emba lmed cadaver, (3) re 1 axed 

volunteer, and (4) tense volunteer. The middle two, however, over 1 apped 

to a large extent. 

Using dynamic load-deflection data published previously by Nahum et 

a1 . (1970) l a  and Kroel I, Schneider , and Nahum (1971) a ', Lobdell, Kroel 1 , 

et a1 . (1972) 2 4  developed recommended chest response corridors for these 

two velocity/impactor-mass conditions as performance guidelines for the 

design of dummy chest structures. Basically, for a 16-mph impact with a 

51-pound mass, forces up to 1200 pounds and deflections up to 3 inches 

were considered acceptable. Five dummy designs currently in use were 

then tested under the same conditions. None, including the General 

Motors Hybrid I ,  responded within the corridors. In general, the 

deflections were reasonable up to 1 inch (the spring rate in SAE J963 

was measured in the -75- to 1.0-inch range), but the forces required to 

continue deflection were much too great. None of the dummies tested 

achieved compressions beyond 2 inches. If used to test a restraint 

system, these dummies would yield excessive chest loads and 

accelerations. Finally, a mathematical model of a thorax and impactor 

was developed that was based on a 3-mass, 4 degree-of-freedom mechanical 

analog. The model simulations were found to correlate well with actual 

cadaver impact tests, including that of Stalnaker et a1 . (1972) 2 2 .  The 

authors suggested this model could be used as a tool for improving dummy 

thorax design. 



4.2 Part and Other ATD's - 
As a result of the court decision of December 5, 1972, invalidating 

the FMVSS 208 test procedures because the test dummy was not adequately 

spec i f i ed, NHTSA proposed [28] to adopt the GM Hybr id I I as the test 

device for automatic restraint systems. This commercially available 

dummy had adequate documentation and was known to be highly repeatable. 

The chest structure was quite similar to the Hybrid I, however, and its 

impact response did not therefore fall within the corridors recommended 

above, but neither did the chest stiffness specified in the proposed 

regulation, The test procedure cal led for a 51.5-pound, 6-i nch-diameter 

impactor to strike the dummy chest at 14 fps (9.5 mph) and 22 fps (15 

mph) . The forces were not to exceed 1400 and 2100 lb., respectively, 

anti the deflections were not to be greater than 1.0 and 1.6 inches. 

These values described the performance of the Hybrid 11, but did not 

particularly relate to the human. Nevertheless, a new Part 572 was 

added to Title 49 of the Code of Federal Regulations in August 1973 [31] 

thiit establ ished this "Part 572 dummy" as NHTSA's test device. 

In the meantime, another court decision related to test dummy 

inadequacies resulted in the issuance of a regulation [30] in June 1973 

that eliminated all dynamic tests for manual belt systems as long as 

theiy were allowed. Automatic belt systems would still have to meet 

certain injury criteria under dynamic test conditions. 

Later that year at the Seventeenth Stapp Conference, another test 

dev ice, "Repeatable Pete," was i ntroduced by McE 1 haney, Mate, and 

2 5 Roberts (1973) . The general design goals for this dummy were 

repeatability, reproducibility, biofidelity, and durability. The chest 

was designed and constructed to match the dynamic response of unembalmed 



cadavers as determined by S t a l  naker e t  a l  . (1972) 22 i n  13-mph impact 

t e s t s .  S i m i l a r  t e s t s  o f  t h e  dummy's chest  showed t h a t  i t s  load- 

d e f l e c t i o n  curve f e l l  w i t h i n  t h a t  cadaver test-band. The development o f  

t h i s  dummy thorax  was t h e r e f o r e  a c losed- loop process, i n  which the  same 

labo ra to ry  made mechanical measurements, designed a phys i ca l  model, and 

eva luated t h i s  model u s i n g  the  same equipment, ins t rumenta t ion ,  and 

procedures. The r e s u l t  was a repeatab le  t e s t  dev ice  t h a t  a l s o  had good 

biomechanical response. 

A t  the  Thi r d  l n t e r n a t  i ona l  Conference on Occupant P r o t e c t i o n  i n 

1974, Neathery, Mertz,  e t  a1. (1974) 26 presented t h e i r  e v a l u a t i o n  of 

t h i s  dummy. Although they found t h a t  i t  was super io r  i n  many respects  

t o  the  GM Hybr id  I I ,  p a r t i c u l a r l y  w i t h  regard  t o  thorax b i o f i d e l i t y ,  

they d i d  n o t  t h i n k  the  complete dummy system was s u f f i c i e n t l y  developed 

t o  be used f o r  r e s t r a i n t  system q u a l i f i c a t i o n  t e s t i n g .  

Tennant, Jensen, and P o t t e r  (1974) 27 then repor ted on another 

dummy, the  GM-AT0 502, which was developed under c o n t r a c t  t o  NHTSA. 

General goa ls  were s i m i l a r  t o  those o f  t he  HSRl program, b u t  thorax 

impact response was t o  be w i t h i n  the  l o a d - d e f l e c t i o n  c o r r i d o r s  

recommended by Lobde l l  e t  a l .  ( 1 9 7 2 ) ~ ~ .  T h i s  l a t t e r  o b j e c t i v e  was n o t  

met, and the  authors  recommended t h a t  t h i s  dummy a l s o  no t  be used t o  

determine the  p r o t e c t i v e  c a p a b i l i t i e s  o f  r e s t r a i n t  systems because o f  

i t s  i n s u f f i c i e n t  b i o f i d e l i t y .  The authors  p o i n t e d  ou t  t he  problems o f  

deve lop ing a dummy component based on the  bes t  a v a i l a b l e  biomechanical 

data,  b u t  then having t o  t e s t  i t  as p a r t  o f  a complete dummy system. 

I t  means t h a t  t he  performance o f  s t r u c t u r e s  such as the  neck, 
lumbar, and arms a re  a l s o  a p a r t  o f  t he  r e s u l t s  o f  t h i s  t e s t .  
Therefore,  the  r i b -cage  performance i n d i c a t e d  by t h i s  t e s t  
changes i f  any o f  t he  o the r  components per form d i f f e r e n t l y ,  
and the development o f  the  r ib -cage depends on these o ther  



components being in the final design testing stage and being 
repeatable. 

4,3 Deflection Criteria: Further Cadaver Impact Data 
and Analysis - 
Tolerance to lateral impact was the subject of a paper by 

Stal naker, Roberts, and McE1 haney (1973) 28 also presented at the 

Seventeenth Stapp Conference. The 22-pound, 6- i nch-d i ameter impactor, 

used in the frontal experiments, was again used here, but both a flat 

surface and one simulating an armrest were employed, The impact device 

c c ~ l d  be preset to stop within a range of 1.8 to 3.8 inches and could 

maintain a constant velocity up to 3 inches of penetration. Impacts 

were made to both human cadavers and live infrahuman primates. Data 

from the latter tests were scaled relative to chest depths and breadths 

(c;al led an aspect ratio) to estimate human side impact tolerance. 

Reisults of both series led to a deflection criterion for predicting 

ch~est injury. The authors suggested that a lateral deflection of 2.65 

in., achieved during a 21.6-mph, 25-ms impact, would result in a 900- 

Ibl. load and a serious, but reversible injury, or level 3 on the 

Abbreviated Injury Scale (AIS) (The deflection value was later 

corrected by Melvin, Mohan, and Stalnaker (1975) 29 to 3.72 in. for an 

AIS-3 injury, whi le 2.65 in. was estimated to be a non-fracture 

deflection level for the average male.) 

'This 6-point injury scale is briefly: 0 none, 1 minor, 2 moderate, 3 
serious, 4 severe, 5 critical, 6 unsurvivable. At this time, rib 
fractures were coded as AIS-2 or 3. In 1980, the scheme was revised, 
and rib fractures alone are currently considered AIS-1 or 2. Further 
internal injury results in a higher AIS. For details see both 
Abbreviated lniury Scale, Revision and Revision; Morton Grove, 
Ill., American Association for Automotive Medicine. 



Commenting on the various parameters that might be used to evaluate 

chest injury, the authors el imi nated acceleration as being "very awkward 

because of the different accelerations encountered throughout the chest 

during impact," and force as being "cumbersome because of Its dependence 

upon the weight of the upper torso." They concluded that, "Since most 

chest injuries were found to be related to the deflections of the rib 

cage, chest displacement was chosen for this study as the indicator for 

thoracic injury." The findings of this and the previous frontal-impact 

22 study (Stalnaker et a1 . , 1972 ) were later conveniently summarized and 

integrated by Stalnaker and Mohan (1974) 30, but this paper should be 

used in conjunction with the corrected figures found in Melvin et 

al. ( 1 9 7 5 ) ~ ~ .  Basically, however, the c~nclusion was that, for either 

frontal or lateral impact, a chest deflection in the range of 30% to 35% 

of the corresponding chest dimension would result in an AIS-3 level 

injury, while a deflection of up to 20% to 23% would probably not result 

in any fracture. 

Kroell, Schneider, and Nahum (1974) 3 1  reported data from 23 

additional cadaver tests at the Eighteenth Stapp Conference. These data 

were integrated with previous results (Nahum et a1 .. 197018 and Kroel 1 

2 3 et a1 . , 1971 ) and full documentation of test procedures and results 

were provided. After impact, the cadavers in this series were subjected 

to complete thoracic and abdominal necropsy, and AIS values were 

assigned. Correlation coefficients were then calculated for AIS 

vs. both peak load and chest deflection, the latter being expressed as a 

percentage of  chest depth. Correlation with force was poor (r = .524), 

but deflection again proved to be a reasonable predictor of injury (r = 

.772), with AIS-3 injuries being associated with chest deflections in 



the range of 28% to 33%, a1 though the regression 1 ine indicated 34% 

deflection for AIS-3 when all injury levels were analyzed. The authors 

suggested that further parameters, such as cadaver age and size, would 

contribute to an even better correlation. Although further analysis was 

indicated, this work was significant in that enough data of a similar 

type existed to allow such models of injury potential to be developed. 

Neathery (1974) 32 was motivated to perform such a mu1 tivar iate 

analysis of the available chest impact data, because these data applied 

to subjects of widely varying physical characteristics but were being 

used to predict the response of a 50th percentile male. The author 

therefore wished to find an appropriate means of scaling these data to 

determine thoracic response corridors for a range of dummy sizes. Using 

dimensional analysis methods, six dimensionless terms were devised based 

on cadaver characteristics (mass, height, chest depth, age), test 

co~nditions (impactor mass, impact velocity, gravity), and test results 

(p~eak plateau force, maximum impactor penetration) . 
Neathery's intent was to use data from both the Kroell group and 

the Stalnaker group, but detailed analysis indicated that impact 

relsponses in the two series were not similarly related to the variables 

chosen. Male and female data also were not apparently comparable. 

Re!gression equations to predict various impact response values were 

therefore developed only for the ten male cadavers from Kroell's early 

series. These cadaver equations were then manipulated to produce dummy 

response predict ion equations (the age factor being dropped) , and 

scaling rules were developed for determining biomechanically acceptable 

force-deflection corridors for 5th, 50th, and 95th percentile dummies 

tested according to Part 572 [291. These dummy equations and associated 



co r r i do r s  were then rev ised  i n  an appendix t o  take K r o e l l ' s  l a t e r  data, 

j u s t  discussed, i n t o  account. 

The rea l i sm o f  the t e s t  procedures and compliance c r i t e r i a  o f  FMVSS 

208 were again c a l l e d  i n t o  quest ion a t  the Nineteenth Stapp Conference. 

Although the r e s u l t a n t  acce le ra t ion  was supposedly measured a t  the 

center o f  g r a v i t y  o f  the upper thorax. the accelerometer was i n  f a c t  

mounted on a  r i g i d  spine box, and thus i t  was thought t o  r e f l e c t  sp ina l  

acce lerat ion.  Nahum. Schnei der , and Kroel  1 (1975) 33 compared s te rna l  

and sp ina l  acce le ra t ions  and r e s u l t i n g  S l l s  f o r  18 o f  the unembalmed 

3 1 cadaver experiments repor ted p rev ious ly  (Kroe l l  e t  a l , ,  1974 ) The 

authors concluded t h a t  S1<1000 i s  meaningless f o r  e i t h e r  measurement 

loca t ion ,  the s t e rna l  S l ' s  sometimes exceeding 20,000 and the sp ina l  

S l ' s  usua l l y  be ing under 50. Although the  sp ina l  S I  d i d  c o r r e l a t e  we l l  

w i t h  A I S  ( r  = ,720) , normal ized chest d e f l e c t i o n  was s t i  1 1  recommended 

as the best p r e d i c t o r  o f  i n j u r y  f o r  b l u n t  impacts. The authors a l so  

attempted t o  c a l c u l a t e  chest d e f l e c t  ions by tak ing  the d i f f e rence  

between the second i n t eg ra l s  o f  the s te rna l  and sp ina l  acce lerat ions.  

These values were cons i s t en t l y  high, however, and the technique was 

determi ned t o  be unre l  i able unless more prec i se acce le ra t ion  

measurements cou ld  be made. 

Neathery , Kroel 1 , and Her tz  (1975) 34 car r  i ed forward the prev i  our 

dimensional ana lys is  work t o  develop equations p r e d i c t i n g  A I S  f o r  

cadavers, us ing data from both the Kroel l and Stalnaker ser ies ,  and then 

t o  es tab l i sh  recommended chest d e f l e c t i o n  l i m i t s  f o r  dummy t e s t  

c r i t e r i a .  Dummy "age" was set  a t  45, and the corresponding penet ra t ion-  

to-depth r a t i o  (or percent de f l ec t i on )  associated w i t h  AIS-3 i n j u r i e s  

was determined t o  be .3868. Allowable pene t ra t ion  f o r  a  50th pe rcen t i l e  



male dummy was thus 3.48 inches based on a  chest depth o f  9.0 inches. 

The a l lowable percent d e f l e c t i o n  recommended here i s  greater than those 

suggested by Melv in  e t  a l .  ( 1 9 7 5 ) ~ ~  and K roe l l  e t  a l .  (1974) 31 ,  because 

the l a t t e r  d i d  no t  ad jus t  f o r  age. 

Neathery e t  a l .  went on t o  spec i fy  appropr ia te  biomechanical 

response c o r r i d o r s  f o r  the three dummy s izes i n  terms o f  s te rna l  

de f l ec t i on ,  which i s  approximately 0.5 inch less than maximum chest 

penet ra t ion.  I n  the process o f  a r r i v i n g  a t  these recommendations, the 

authors f i r s t  demonstrated, w i t h  cadaver b lunt - impact  data, t h a t  the 

fo rce  produced by the impactor on the cadaver sternum was not  p r e d i c t i v e  

of the i n j u r y  sustained, wh i l e  a t  the same t ime body-block chest load 

was being used i n  FMVSS 203 t o  c e r t i f y  E A  s t ee r i ng  systems. They a lso  

c i t e d  the work o f  Nahum e t  a1 . (1975) 33 on the apparent 1 ack o f  

v a l i d i t y  o f  the sp ina l  acce le ra t i on  and S I  i n j u r y  c r i t e r i a  o f  FMVSS 208, 

and they po in ted ou t  t h a t  biomechanical response co r r i do r s  have been 

def ined i n  terms o f  l oad-de f lec t ion  and not  acce le ra t ion .  The authors 

therefore came t o  the  conc lus ion t ha t ,  on ly  i f  a  dummy has proper 

b i o f i d e l i t y  and i f  a  chest d e f l e c t i o n  c r i t e r i o n  i s  used, can t h a t  dummy 

p r e d i c t  i n j u r y  under cond i t i ons  of b l u n t  f r o n t a l  impact t o  the chest. 

Further,  i f  cu r ren t  p rac t i ces  a re  i n v a l i d  f o r  p r e d i c t i n g  b l u n t  i n j u r y ,  

such as from a  s tee r i ng  system, they must a lso  be questioned f o r  other 

occupant p ro tec t i on  environments. 

As a  f i n a l  word on de f l ec t i on .  Viano ( 1 9 7 8 ) ~ ~  cautioned against  

emphasizing thorac ic  ske le ta l  damage t o  the exc lus ion  o f  organ and 

vascular i n j u r y ,  which i s  i n  f a c t  more ser ious.  A f t e r  reviewing the 

K roe l l  se r ies  o f  cadaver data,  he concluded t h a t  d e f l e c t i o n  and i n j u r y  

p o t e n t i a l  have a l i nea r  r e l a t i o n s h i p  only t o  a  p o i n t ,  and t h a t  beyond 



t h a t  p o i n t  the r i b  cage co l lapses and the l i k e l i h o o d  o f  " l i f e -  

threaten ingt1 i n j u r y  increases dramat ical  1y. He suggested t h a t  t h i s  

s t a b i l i t y  l i m i t  f o r  f r o n t a l  chest load ing was a penet ra t ion- to-depth 

r a t i o  o f  about .32, which i s  cons is ten t  w i t h  previous estimates. The 

important p o i n t  t o  note, however, i s  the c r i t i c a l  need t o  stay below 

t h i s  l eve l  o f  compression l e s t  ser ious i n j u r y  r e s u l t ,  

4.4 Load C r i t e r i a :  I n t e g r a t i o n  of Laboratory - -  
and F i e l d  Accident Data -- 
During the per iod under discussion, a number o f  programs combining 

accident i nves t i ga t i on  and laboratory  s imu la t ion  were undertaken. 

Cloyns and Mackay (1974) 36 repor ted t h a t  no t  a1 1 s t ee r i ng  systems 

complying w i t h  FMVSS 203 a c t u a l l y  provided p ro tec t i on  f o r  t h e i r  d r i v e r s  

from ser ious chest and abdominal i n j u r y .  Fur ther ,  the authors observed 

t h a t  the damage sustained by c e r t a i n  systems under standard t e s t  

cond i t i ons  d i d  not  resemble t h a t  seen i n  the f i e l d .  They found t h a t  a 

c r i t e r i o n  o f  peak load alone could  no t  d i s t i n g u i s h  between p r o t e c t i v e  

and non-protect ive designs, bu t  t h a t  d i f fe rences  could  be shown i f  

e f f e c t i v e  loaded area was a l s o  taken i n t o  account. 

Pa t r i ck ,  Bohl in,  and Andersson ( 1 9 7 4 ) ~ ~  analyzed the i n j u r y  

exper i ence o f  169 Volvo occupants r e s t r a i  ned by three-poi  n t  be1 t s  and 

compared t h i s  t o  r e s u l t s  o f  72 s led  s imulat ions using instrumented pre- 

Par t  572 dumrnie,~ i n  a standard Volvo i n t e r i o r  environment. Be1 t loads 

and acce le ra t ions  were measured dur ing  the t es t s ,  and S I  values were 

ca lcu la ted  w i t h  the goal o f  determining reasonable i n j u r y  threshold  

parameters. Among the ac tua l  accident v i c t ims ,  chest i n j u r i e s  were the 

most p reva len t .  The authors ca lcu la ted  t h a t  there was a 50% chance t h a t  

these occupants would rece ive  a t  l eas t  an A I S - 3  i n j u r y  a t  a b a r r i e r  



equiva lent  v e l o c i t y  (BEV) of 45 mph, which, f o r  a  dummy i n  the Volvo 

system, would r e s u l t  i n  a  peak chest acce le ra t ion  o f  85 g, an 51  o f  560, 

and a  load a t  the upper end of the shoulder be1 t o f  1930 I b .  The 

authors suggested there fo re  t h a t  the 60-9 1 i m i  t (even w i t h  the 3 ms 

exclusion) was too r e s t r i c t i v e ,  and t h a t  the S1<1000 c r i t e r i o n  l e f t  too 

much leeway. The 51  was a l so  found no t  t o  be a  s u i t a b l e  p red i c t o r  o f  

r i b  f r ac tu re ,  these f r ac tu res  occur r ing  when the S l i s  were est imated t o  

range from e s s e n t i a l l y  zero t o  710. B e l t  load a t  the upper end o f  the 

shoulder harness was found t o  be " the most sens i t i ve  parameter t o  

tho rac ic  i n j u r y "  because o f  i t s  d i r e c t  assoc ia t ion  w i t h  forces on the 

chest, Even so, r i b  f r ac tu res  occurred i n  crashes ranging from 10 t o  53 

mplh, which, when simulated, r esu l t ed  i n  b e l t  loads on the dummies 

ranging from 800 t o  2310 lb .  Even a t  the higher v e l o c i t i e s ,  fewer than 

40% o f  the occupants d i d  indeed sus ta in  f rac tu res .  The i n j u r y  to lerance 

v a r i a b i l i t y  shown by these data emphasizes the d i f f i c u l t i e s  inherent  i n  

t r y i n g  t o  es tab l i sh  meaningful i n j u r y  threshold  parameters. 

Three papers comparing experimental i n j u r i e s  t o  cadavers w i t h  

i n j u r i e s  observed i n  actua l  crashes were presented a t  the Nineteenth 

Stapp Conference: Cromack and Ziperman (1975) j8, Patr  ick  and Levine 

(1975)~ ' .  and Tar r ie re ,  Fayon, e t  a l .  (1975) '~ .  A l l  three 

i nves t i ga t i ons  dea l t  w i t h  cadavers and occupants res t ra ined  by three- 

p o i n t  lap/shoulder b e l t s ,  and a l l  found t h a t  the cadavers rece ived more 

severe chest i n j u r i e s  i n  s i m i l a r  crash environments than d i d  t h e i r  

l i v i n g  counterparts,  although the nature o f  the i n j u r i e s  was the  same. 

Pa t r i c k  and Levine, i n  t h e i r  study, measured upper to rso  be1 t loads 

on the n ine  cadavers tested. (The hor i zon ta l  load component was a lso  

ca lcu la ted,  these being general l y  10% t o  15% lower than the measured 



load at typical shoulder belt angles, but only the latter loads will be 

cited to facilitate comparison with other studies.) For tests ranging 

from 20 to 40 mph BEV, loads resulting in rib fracture ranged from 1020 

to 1930 Ib., while the range for non-fracture was 560 to 1560 lb. 

Although the two 20-mph runs did not result in rib fracture, three of 

the four 40-mph runs did produce fractures. In contrast, rib fracture 

did occur among the Volvo occupants at speeds under 20 mph, but a lower 

percentage of living occupants received fractures at the higher speeds 

than did the cadavers. The authors also pointed out that the average 

number of ribs fractured per subject was much higher for the cadavers 

(5.6) than for the Volvo occupants (0.9) at BEV's of 30 mph or more. 

Although age can be a factor, it was probably not significant here, the 

cadavers in this series ranging in age at death from 32 to 61 years. 

Despite the range of tolerance displayed in these as in other tests, the 

authors suggested that the threshold for cadaver rib fracture 

corresponded to a horizontal upper shoulder belt force of about 1000 lb. 

Fayon, Tarriere, et al. (1975)~' also found that when adjusted for 

subject weight, the load on the thorax correlated fairly well (r = , T I )  

with the number of rib fractures in 31 dynamic tests using three-point 

belted cadavers. The authors also showed that the relationship between 

deflection and injury is dependent on the rate of loading and on the 

nature of the load application e . ,  belt or disk impactor). The 

correlation between chest acceleration and injury was found to be poor. 

In the meantime, FMVSS 208 still used acceleration as the basis for 

the chest injury criterion for all automatic restraint systems, S1<1000 

also still being allowed as the "interim" criterion. Manufacturers 

requested that the 51 be made permanent because it emphasized the 



importance of impact duration relative to injury tolerance and also, no 

doubt, because it was clearly a very generous criterion. NHTSA 

responded in July 1976 [34] and, for administrative reasons, did propose 

to extend the S I  into August 1977, which, by default, would reinstate 

the! "reasonable" 60-g/3-ms criterion after that time for both frontal 

and lateral impact tests. The agency claimed that, "Two y'ears of 

frontal and obl ique crash testing involving 20 vehicles and 56 dummies 

supports this conclusion, in that no dummy recorded chest accelerations 

greater than 60 g for more than 3 milliseconds." In the same notice, 

NHT'SA suggested that the lateral and rollover test requirements might be 

dropped if manual lap belts were supplied along with otherwise automatic 

systems. In August 1976, the extension to August 1977 was formal ly made 

[35], but other issues were left unresolved. 

At the 6th Experimental Safety Vehicles Conference, Eppinger 

(1976) 4 2  reported his analysis of 108 experimental impact tests with 

cadavers, restrained by three-point belt systems, that had been 

cortducted in recent years. He found that the number of ribs fractured 

was a statistically significant function of cadaver weight, age at 

death, and maximum upper torso belt force. Using dimensional analysis 

to scale the weight factor and statistical analysis to account for age, 

a relationship between thoracic fractures and shoulder belt load was 

developed. This relationship was appl ied to the dr iver/passenger 

poplulation for a 30-mph frontal barrier impact to derive an optimum load 

limit, given certain belt slack, that would minimize rib fracture. The 

optimum level for 2 inches of slack was 1300 Ib., and for 3 inches of 

slack the level rose to 1500 lb. Eppinger also suggested that further 



analysis was needed to address the problem of life-threatening internal 

organ injuries. 

In December 1976, a notice [36] was issued asking for comments as 

to how belt restraint systems could be improved. While indicating that 

injury criteria might be reinstated for manual belt systems, NHTSA 

suggested that an upper torso belt load limit might also be added. 

Foret-Bruno, Hartemann, et al. (1978) were able to relate vehicle 

occupant injuries to shoulder belt loads, in frontal crashes involving 

Peugeot and Renault vehicles, because of an energy absorbing belt system 

in which several ribbons of fabric tear successively as the force 

increases. No rib fractures were received by occupants less than 30 

years old under loads up to about 1630 lb. After age 50, however, 

fractures began to occur at about 950 lb. Comparing these results to 

Eppinger's predictions of rib fractures in cadavers of the same ages, 

the authors found that cadavers could be expected to sustain from 3 to 5 

more rib fractures than did the living occupant. 

5.0 Global Approaches & Thoracic Injury: 1976-1980 

Investigations into thoracic injury tolerance and its measurable 

indicators had, until this time, concentrated on localized impacts to 

human surrogates instrumented with one or perhaps two sensing devices, 

A new approach, described by Robbins, Melvin, and Stalnaker (1976)44, 

used ten accelerometers located on the sternum, spine, and ribs at 

prescribed points around the thorax. This array of sensors allowed the 

measurement of the kinematic response of this flexible, ellipsoidal 

body, subject ta blunt impact in various test modes and including 

different impact directions. From these acceleration measurements, the 

magnitude and velocity of deformations could be inferred. These data 



d e s c r i b i n g  g loba l  t h o r a c i c  mot ion  would then be c o r r e l a t e d  w i t h  observed 

i n j u r i e s .  The system was designed t o  be usab le  b o t h  w i t h  cadavers and 

w i t h  dummies. 

The f i r s t  s e r i e s  o f  exper iments,  r e p o r t e d  by Robbins e t  a l . ,  were 

f r o n t a l  impacts us ing  13 cadaver and 20 baboon sub jec ts  r e s t r a i n e d  by 

t h r e e - p o i n t  b e l t s ,  E A  s t e e r i n g  assemblies and/or a i rbags .  AIS was used 

as t h e  i n d i c a t o r  o f  i n j u r y  l e v e l ,  r a t h e r  than number o f  f r a c t u r e s ,  

because t h e  former addressed t h e  f u l l  range o f  t h o r a c i c  i n j u r i e s .  

Var ious combinat ions o f  an thropomet r ic  and accelerometer  measurements 

were used t o  t r y  t o  develop l i n e a r  r e g r e s s i o n  models t h a t  would p r e d i c t  

i n j u r y  l e v e l s .  With t h e  l i m i t e d  number o f  sub jec ts  and t h e  many 

p o s s i b l e  parameters, t he  model ing e f f o r t  was n o t  as success fu l  as had 

been hoped. The baboon s e r i e s ,  however, i n  which t h e  sub jec ts  were more 

s i m i l a r  t o  each o the r ,  y i e l d e d  b e t t e r  p r e d i c t i o n s  than t h e  cadaver 

se r i es ,  t h e  former hav ing  an average e r r o r  o f  l ess  than 0.13 AIS. 

S ide  impact exper iments t h a t  f o l l o w e d  the  f r o n t a l  impact s e r i e s  

were r e p o r t e d  by Melv in ,  Robbins, and Sta lnaker  (1976) 4 3  a t  t he  6 t h  

Exper imental  Safe ty  Veh ic les  Conference. These t e s t s  compared t h e  

k inemat i c  response o f  cadavers t o  t h a t  o f  t he  P a r t  572 dummy and the  

B r i t i s h  Transpor t  and Road Research Labora tory  (TRRL) s i d e  impact dummy. 

(The TRRL dummy had no arms; design d e t a i l s  can be found i n  H a r r i s ,  

1976.") The same ten-accelerometer  system was used on t h e  thoraxes o f  

t he  seven cadavers, b u t  t h e  two dummies were instrumented accord ing  t o  

P a r t  572 requirements.  The s u b j e c t s  were seated sideways on the  s l e d  

nex t  t o  ' e i t he r  a  r i g i d  w a l l  s t r u c t u r e  o r  a  padded, contoured su r face  

r e p r e s e n t i n g  a  v e h i c l e  s i d e  i ~ t e r i o r .  A t  impact, t he  s u b j e c t s  s l i d  i n t o  

these s t r u c t u r e s .  The d i f f e r e n c e s  i n  whole-body k inemat i cs  were marked 



and were due p r i m a r i l y  t o  the  ve ry  compl ian t  shoulder s t r u c t u r e s  o f  t he  

cadavers compared t o  the  f a i r l y  r i g i d  dummy s t r u c t u r e s .  The v i s u a l l y  

obvious consequence o f  t h i s  d i f f e r e n c e  was the  response o f  t he  head/neck 

system. The s i d e  o f  t he  cadaver heads impacted the  w a l l  w i t h  

cons ide rab le  f o r c e ,  w h i l e  t h e  dummy heads r o t a t e d  l a t e r a l l y  and b a r e l y  

touched t h e  w a l l ,  i f  a t  a l l .  Fu r the r  i m p l i c a t i o n s  were apparent ,  

however, f o r  de te rm in ing  t h o r a c i c  i n j u r y  p o t e n t i a l ,  i f  indeed e x i s t i n g  

dummies d i d  n o t  deform as humans do. I t  was c l e a r  t h a t  these dummies 

were t o t a l l y  i n a p p r o p r i a t e  f o r  s i d e  impact t e s t i n g .  I t  should a l s o  be 

noted t h a t ,  i n  t h e  20-mph l a t e r a l  impact us ing  the  padded s t r u c t u r e ,  t he  

P a r t  572 dummy recorded a l e f t - r i g h t  a c c e l e r a t i o n  o f  102 g ,  w h i l e  the  

cadaver recorded 19 g. 

I n  February 1977, NHTSA issued a r u l e  1371 t h a t  re laxed  c e r t a i n  

requirements f o r  dummy thorax  c a l i b r a t i o n .  I n  the  preamble t o  the  r u l e ,  

NHTSA c la imed n o t  t o  agree w i t h  c r i t i c i s m  from v e h i c l e  manufacturers 

t h a t  " t h e  dummy c o n s t r u c t i o n  i s  u n s u i t e d  t o  measurements o f  l a t e r a l l y -  

imposed force ,  thereby render ing  t h e  dummy u n o b j e c t i v e  i n  the  l a t e r a l  

impact environment." The agency added, however, t h a t  NHTSA's c u r r e n t  

proposal  t o  drop l a t e r a l  and r o l  l ove r  t e s t s  i f  l a p  be1 t s  were used gave 

the  manufacturers a way o u t .  

The r u l e  [39] a l l o w i n g  t h e  l a p  b e l t  i n  l i e u  o f  these dynamic t e s t s  

was issued i n  J u l y  1977, making t h e  whole ques t i on  o f  dummy l a t e r a l  

response c h a r a c t e r i s t i c s  " l a r g e l y  academic," accord ing t o  NHTSA. The 

agency a l s o  addressed the  i n d u s t r y ' s  request  t h a t  " t h e  s e v e r i t y  index be 

cont inued as the  chest  i n j u r y  c r i t e r i o n  u n t i l  a b a s i s  f o r  us ing  chest  

d e f l e c t i o n  i s  developed i n  p l a c e  o f  chest  a c c e l e r a t i o n . "  I t  was f u r t h e r  

suggested t h a t  "a s h i f t  from t h e  temporary s e v e r i t y  index measure t o  the  



60-g/3-ms measurement would be was te fu l  ,I1 because t h e r e  was "no s t rong  

i n d i c a t i o n "  t h a t  one was more meaningful  than t h e  o the r .  NHTSA 

responded t h a t  the  SI was o n l y  an i n d i r e c t  ' l i m i t  on a c c e l e r a t i o n  and 

t h e r e f o r e  a l lowed h igher  loads than d i d  a  d i r e c t  l i m i t  on a c c e l e r a t i o n .  

The l a t t e r  was considered t o  be a  b e t t e r  i n j u r y  p r e d i c t o r  under s p e c i f i c  

t e s t  c o n d i t i o n s .  The 60-g/3-ms c r i t e r i o n  was thus r e t a i n e d .  I n  the  

f o l l o w i n g  year, t he  c r i t e r i o n  was a l s o  i nco rpo ra ted  i n t o  a  proposed 

r e v i s i o n  o f  FMVSS 213 on c h i l d  r e s t r a i n t  systems [40], d e s p i t e  a  lack  o f  

biomechanical t e s t  da ta  t o  i n d i c a t e  i t s  v a l i d i t y  f o r  c h i l d r e n ,  and 

became p a r t  o f  the  r u l e  [42] i n  December 1979. 

The Robbins s e r i e s  o f  f r o n t a l  and s i d e  impact experiments w i t h  

cadavers was increased t o  51, t he  a d d i t i o n a l  t e s t s  be ing  p r i m a r i l y  

c o n t r o l l e d  f r o n t a l  and l a t e r a l  t e s t s  w i t h  a  51.5-lb. f l a t - f a c e d  

impactor. For these t e s t s ,  two a d d i t i o n a l  accelerometers were added t o  

the  s p i n a l  l oca t i ons .  Wi th  these data,  a  new approach t o  i n j u r y -  

p r e d i c t i v e  modeling, u s i n g  a  non- l i nea r  Adapt ive Learn ing Network (ALN) 

program, was t r  i  ed and repo r ted  by Eppi nger, Augustyn, and Robbi ns 

(1978) ." With the  goal o f  eventual  l y  be ing  ab le  t o  dupl  i c a t e  as much 

o f  t h e  k inemat i c  response o f  cadavers as p o s s i b l e  i n  a  dummy s t r u c t u r e ,  

models were exerc ised w i t h  i n c r e a s i n g l y  fewer parameters t o  reach an 

optimum s e t  t h a t  might  be mechan ica l ly  f e a s i b l e  w h i l e  s t i l l  adequately 

p r e d i c t i n g  i n j u r y .  Both AIS and number o f  r i b s  f r a c t u r e d  were used as 

i n j u r y  measures. 

The parameters chosen f o r  a n a l y s i s  inc luded measured acce le ra t i ons ,  

f i r s t  and second i n t e g r a l s  o f  these, and d i f f e r e n c e s  between 

a c c e l e r a t i o n s  a t  two p o i n t s .  Data f rom bo th  f r o n t a l  and l a t e r a l  impacts 

were inc luded,  as w e l l  as c ross-products  o f  values f o r  each t o  c r e a t e  



"ob l i que"  parameters. Age and sex were a l s o  used. The maximum number 

o f  parameters was 13, and, w i t h  the  f u l l  se t ,  h i g h  p r e d i c t i v e  

c a p a b i l i t i e s  were achieved f o r  b o t h  AIS and r i b  f r a c t u r e s .  However, t he  

AIS model u s i n g  o n l y  seven parameters was n e a r l y  as good (R2 = g l . l ) ,  

and, f o r  r i b  f r a c t u r e s ,  n i n e  parameters were adequate (Ra = 94.6) .  I t  

i s  i n t e r e s t i n g  t h a t  age d i d  n o t  prove t o  be a s i g n i f i c a n t  v a r i a b l e ,  

perhaps because t h e  " s t r u c t u r a l  response'' parameters ac tua l  1 y  r e f l e c t e d  

t h e  e f f e c t s  o f  age on i n j u r y  p o t e n t i a l .  

T h i s  model ing approach se lec ted  key parameters t h a t  cou ld  

t h e o r e t i c a l l y  be used as a b a s i s  f o r  des ign ing  and c o n s t r u c t i n g  a 

" u n i v e r s a l "  dummy w i t h  v a l i d  responses when impacted from any d i r e c t i o n .  

A word o f  c a u t i o n  i s  i n  o rde r ,  however, rega rd ing  the  use o f  m u l t i p l e  

a c c e l e r a t i o n  measurements, t h e i r  i n t e g r a l s ,  d i f f e r e n c e s ,  and cross-  

products ,  t o  a r r i v e  a t  a known v a l u e  (AIS).  Whi le i t  may be p o s s i b l e  t o  

ach ieve a reasonable end r e s u l t ,  t he  r e l a t i o n s h i p s  among parameters t h a t  

t h e  model must use t o  achieve these r e s u l t s  may n o t  themselves be 

reasonable. Fu r the r  a n a l y s i s  may be needed t o  v a l i d a t e  t h i s  approach. 

A t  t he  7 t h  Exper imental  Safety Veh ic les  Conference, Robbins, 

Lehman, and Augustyn (1979 )4a  presented t h e i r  a n a l y s i s  o f  o n l y  the  

l a t e r a l  cadaver t e s t s ,  bo th  s l e d  and f l a t  impactor .  To d i f f e r e n t i a t e  

among t h e  many sub jec ts  w i t h ' i d e n t i c a l  AIS r a t i n g s ,  a m o d i f i e d  A I S  t h a t  

in t roduced a r i b  f r a c t u r e  b i a s  was proposed b u t  n o t  used i n  the  f i n a l  

a n a l y s i s .  Some adjustments on data  process ing procedures were made, so 

t h a t  t h e  f i r s t  and second i n t e g r a l s  o f  a c c e l e r a t i o n  ( s i m i l a r  t o ,  b u t  n o t  

e x a c t l y  v e l o c i t y  and deformat ion ,  because t h e  vec to r  d i r e c t i o n  was n o t  

prec  i s e i y  known) cou ld  be more a c c u r a t e l y  c a l c u l a t e d .  Using reg ress ion  

techniques,  i n j u r y  p r e d i c t i o n  models were developed us ing  v a r i o u s  



acceleration-based parameters. The first integral of the left upper rib 

acceleration (impact forces were on the left side) proved to have the 

highest correlation with injury (R2 = 0.778) . Other significant 

parameters came from measurements on the right upper rib, the spine 

(lateral ly oriented accelerometers) , and the lower sternum 

(accelerometer oriented perpendicular to impact). The authors concluded 

that, if the instrumentation system used in the cadaver tests were 

integrated into a dummy design, and if the dummy could exhibit the same 

responses as the cadavers at these accelerometer locations, it was 

reasonable to assume that this dummy could be used as a valid test 

device to predict injury. 

ATD's based on this global approach and also on the load-deflection 

approaches, discussed in previous sections, have been developed and are 

currently being evaluated. These are the GM Hybrid Ill, based on the 

Lobdell corridors and described in Foster, Kortge, and Wolanin (1977) 4 9 ;  

the! Assoc i at ion Peugeot-Renaul t (APR) dummy, based on 1 oad-def 1 ec t i on 

data of the Tarriere series and described in Stalnaker, Tarriere, et 

a1 . (1979) and the HSRI Side Impact Dummy (SID) , based on the 

acceleration data of the Robbins series and described in Melvin, 

Robbins, and Benson (1979) . 5 1  The Hybrid I I I is 1 imi ted to frontal 

impact biofidelity, and the latter two were designed only for side 

impact testing. The omnidirectional AT0 has yet to be attempted. 

6.0 Review of Cl inical Literature Deal inq with Thoracic Injury --- 
To provide some background on and insight into the mechanisms of 

actual thoracic injuries, clinical literature was selected and reviewed. 

Both keyword searches of the computerized records of the National 

Library of Medicine's National Interactive Retrieval System and 



traditional methods of library search were used. Approximately 200 

articles were located and visually scanned for pertinence to this study. 

Of these, approximately forty were selected for further study. Intense 

review reduced this set to the sixteen articles identified in the 

following bibliographic table (Table 1). These articles d o  not properly 

belong to the scientific/technical biomechanics literature dealing with 

thoracic injury and are not therefore integrated into Appendix B of this 

report. 

TABLE 1 

Clinical Literature Bibliographic Table 

1 .  Blair, E., Topuzlu, C., and Davis, J. 1971. Delayed or missed 
diagnosis in blunt chest trauma. fhe Journal pf Trauma, 
11:129-145. 

2. Liedtke, A. and DeMuth, W. 1973. Nonpenetrating cardiac injuries: 
A col lect ive review. American Heart Journal, 86:687-696. 

3. Pellegrini, R., Layton, T., DiMarco, R., Grant, K., and Marrangoni, 
A, 1980. Multiple cardiac lesions from blunt trauma. The Journal 
of Trauma 20: 169- 173. - - 1  

4. Paton, B . ,  Elliott, D., Taubman, J., and Owens, J. 1971. Acute 
treatment of traumatic aortic rupture. The ~ o u r n a i  - o f  Trauma, 
1 1 :  1-14. 

5 .  O'Sullivan, M., Spagna, P., Bellinger, S . ,  and Doohen, 0. 1972. 
Rupture of the right atrium due to blunt trauma. The Journal of 
Trauma 12:208-214. -9 

6. Conn, J., Hardy, J., Chavez, C., and Fain, W. 1971. Chal lenging 
arterial injuries. The Journal of Trauma, 11:167-177. 

7. Olson, R. and Johnson, J. 1971. Diagnosis and management of 
intra-thoracic tracheal rupture. The Journal of Trauma, 
1 1 : 789-792. 

8. Bricker, D. and Hallman, G. 1970. Complete transection of the 
thoracic Aorta: Management of a case associated with massive total 
body injury. fhe Journal of Trauma, 10:420-426. 



9. Noon, G., Boulafendis, D., and Beall, A. 1971. Rupture of the 
heart secondary to blunt trauma. The Journal of Trauma, 
1 1 :  122-128. 

10, Relihan, M, and Litwin, M, 1973. Morbidity and mortality 
associated with f lai 1 chest injury: A review of 85 cases. The 
Journal of Trauma, 13:663-671. 

1 1 .  Naccarelli, G , ,  Haisty, W., and Kahl, F .  1980. Left ventricular 
to right atrial defect and tricuspid insufficiency secondary to 
nonpenetrat i ng cardiac trauma. The Journal of Trauma, 20:887-891. 

12. Shackford, S., Virgilio, R., Smith, D., Rice, C., and Weinstein, M. 
1978. The significance of chest wall injury in the diagnosis of 
traumatic aneurysms of the thoracic aorta, The Journal of Trauma, 
18: 493-496. 

13. Irving, M. and Irving, P .  1967. Associated injuries in head 
injured patients, The Journal of Trauma, 7:500-511, 

14. Sutorius, D., Schreiber, J., and Helmsworth, J. 1973. Traumatic 
disruption of the thoracic aorta. The Journal Ilf Trauma, 
13:583-590. 

15. Laasonen, E., Penttila, A., and Sumuvuori, H. 1980, Acute lethal 
trauma of the trunk: Cl inical, radiologic, and pathologic findings. 
The Journal of Trauma, 20:657-662. - 

16. Weisz, G., Schramek, A., and Barzilai, A. 1974. injury to the 
driver, The Journal of Trauma, 14:212-215. 

It may be useful to highlight the differences in approach between 

biomechanical and clinical literature in dealing with injury. The 

technical biomechanics literature has dealt with kinematic and kinetic 

responses of the thorax under impulsive, blunt loadings. Structural 

fa i 1 ure featured "fractured" r i bs and "contused" or "lacerated" organs 

or vessels. The injury statistics from field cases are also described 

with similar combinations of terms from a few categories. Table 2 lists 

the categories and terms used. The clinical literature, on the other 

hamd, is far more specific about injury type and location and does not 

lend itself to generalizations. Further, the authors of the clinical 

literature reviewed are not concerned about creating a statistical basis 



f o r  ana lys is  o f  i n j u r y  types or degrees, bu t  ra ther  are p r i m a r i l y  

concerned w i t h  mat ters  o f  d iagnosis and treatment i n  order t o  reduce 

m o r t a l i t y  and morb id i t y  among those who reach medical t reatment 

f a c i l i t i e s .  I n  add i t i on ,  i n j u r i e s  generated i n  an automotive 

environment are o f t e n  combined w i t h  non-automotive i n j u r y  cases. 

F i n a l l y ,  t h i s  l i t e r a t u r e  t r e a t s  the development o f  secondary a i lments  

t r i gge red  by the o r i g i n a l  trauma, an aspect o f  i n j u r y  development t h a t  

i s  l a rge l y  absent from the biomechanics l i t e r a t u r e .  

TABLE 2 

Case I n j u r y  Descr ip t i ve  Terms 

Upper Extrem. 

Kidneys 
Respi ra tory  
Pu l monar y 
Musc 1 es 
Integumentary 
Unknown 

Burn 
Asphyx i a 
Unknown 

Lower Extrem. 
Knee 
Lower Leg 
Ankle/Foot 
Who I e 
Unknown 



6.1  General Description of the Thorax Elements of Interest - 
The thorax or chest, as referred to here, consists of the rib cage 

and the organs surrounded by it, but not the overlying tissue. 

Rib Cane. The cage structure consists of the twelve thoracic 
7 

vertebrae, the sternum, and the twelve rib-pairs. The upper seven pairs 

articulate with the sternum directly through cartilaginous extensions of 

the ribs. The next two pairs articulate indirectly, and the lower three 

pairs are not connected to the sternum at all. The rib cage partially 

covers some of the upper abdominal organs. The diaphragm, a dome- 

shaped, thin muscle, is the lower thoracic boundary separating the 

thoracic and abdominal contents. Portions or all of the ribs from the 

seventh pair to the twelfth are thus well below the diaphragm and 

enclose, to a variable degree, the liver, stomach, spleen, pancreas, and 

kidneys. 

Lungs. The lungs are covered by a membrane '(the vi sceral pleura) 

that quite closely fits the lungs' contours. Another membrane (the 

parietal pleura) 1 ines the inner surface of the chest wall, covers the 

diaphragm, and encloses the structures in the middle of the thorax. 

These two sacs, left and right, are separate from each other. Each sac 

has potential space between the visceral and the parietal pleura that is 

known as the pleural cavity. Air or blood may fill this potential space 

when thoracic injury occurs. 

Mediastinum and Heart. The space between the right and left 

pleural sacs is known as the mediastinum. The mediastinum can be 

crludely pictured on a plane x-ray plate. Fluid filling this space leads 

to an observed "widening of the mediastinum," as seen on the plate, and 

serves as a primary diagnostic signal of possible distress of the heart 



or the great vessels. The bodies of the thoracic vertebrae extend into 

the mediastinum to approximately one-third of the thorax depth at the 

level of the heart and the great vessels. (These vessels are the 

pulmonary arteries (left and right), the pulmonaryveins (left and 

right) , the aorta, and the vena cava (superior and inferior) , The 

inferior vena cava receives blood from the lower parts of the body and 

the superior from the head, neck, and upper extremities.) 

The heart -is generally divided into four parts, the left and right 

atrium and ventricle parts. The heart is encased in a two-layered sac 

(the per i cardium) . The inner membrane covers the outside of the heart 

and lines the inside of the fibrous outer sac. In general, the two 

layers of the sac are completely separate and form therefore a potential 

pericardial space. This sac also extends along the first inch of the 

great vessels. Fluid build-up in the pericardial sac will put pressure 

on the heart, constricting it and reducing cardiac output. This 

condition is referred to as a pericardial tamponade. 

A partial tracing of a plate illustrating the relative position of 

the above structures and organs at about the mid-height of the thorax is 

found as Figure 1. 

6.2 lniury Descriptions - 
Generally, we shall divide our discussion of thoracic injury among 

injury of the ribs, injury of the lungs, and injury of the heart. Rib 

fracture by itself was not included in the clinical literature reviewed, 

so this injury will not be discussed except to the extent that rib 

fracture can be used as a diagnostic indicator. 

Flail Chest. The flail chest is a condition of instability or -- 
flapping of the chest wall. This results in chest motion opposite to 



Adapted from: A.C. Eycleshymer and D.M. Schoemaker. 1911. 
A Cross-Section Anatomy. New York: Appleton. - 

FIGURE 1. Cross-Section a t  Mid-Height o f  Thoracic Cage 



that occurring during normal breathing. The literature indicates that 

it is common for the flail chest either not to have developed by the 

time of first diagnosis in an emergency room, or to be missed in the 

emergency room diagnosis. Neither the existence of head injury or 

unconscious state nor the number of ribs fractured seems to 

differentiate between early and late flailing development, Although 

flail chest is directly related to trauma-induced instability of the 

thoracic cage, a change in pulmonary compliance due to airway injury, an 

accumulation of secretions, or artery-to-vein shunting due to lung 

contusions may develop in a few hours after the trauma and lead to 

increased effort in breathing. Oxygen levels in the arterial blood may 

fall below required levels, carbon dioxide tensions may rise with 

cardiac arrest, or radical pH changes of body fluid may result. 

Tracheal injury or rupture may also be a contributing factor leading to 

the flail chest. 

The flail chest is not directly an injury in its own right and thus 

cannot be related to a specific class of blow other than blunt trauma to 

the front or side of the rib cage. As a matter of interest, immediate 

treatment requires placing a breathing tube into the airway and 

providing mechanical respiratory assistance. It i s  also generally 

advantageous for the surgeon to later cut an opening into the trachea to 

facilitate breathing. However important these treatments may be, the 

development of bacterial infection of the bronchial tubes, the trachae, 

or the lungs follows in the majority of cases. Furthermore, 

mechanically assisted ventilation causes pulmonary blood volume and left 

atrial pressure to decrease. In turn, there is a reflex of the vagus 



nerve t h a t  r e s u l t s  i n  an increased release o f  an a n t i d i u r e t i c  hormone, 

causing water r e ten t i on  and leading t o  pulmonary edema. 

Lung Contusion. I t  appears t ha t  lung b r u i s i n g  (contusion) occurs 

i n  over h a l f  o f  the cases having f l a i l  chests. Lung contusion commonly 

oc:curs i n  cases w i t h  no r i b  f r a c t u r e  and i s  a l so  commonly associated 

w i t h  abdominal i n j u r y .  C l i n i c a l  evidence o f  lung contusion appears t o  

be masked by the presence o f  r i b  f rac tu res ,  a i r  or b lood i n  the 

pirlmonary p l eu ra l  cav i t y ,  co l lapse o f  a lung, or inf lammation o f  the 

lungs due t o  sucking i n  o f  f l u i d s .  Lung contusion can be i n f e r red  i n  

the second or  t h i r d  day a f t e r  i n j u r y  by blood gas studies.  Comparison 

of  the t ime h i s t o r y  o f  the oxygen p a r t i a l  pressures between the a i r  i n  

the lung and the a r t e r i a l  blood provides a basis f o r  the diagnosis o f  a 

cc>ntusion. I n  the absence o f  a contusion, the oxygen par t ia l -p ressure  

d i f f e rence  w i l l  f a l l  by the end o f  twenty-four hours, and i n  the 

presence o f  contusion i t  w i l l  r i s e  t o  a large d i f f e rence  a t  about f o r t y -  

e i gh t  hours a f t e r  trauma. 

Lung contusion may double the p r o b a b i l i t y  o f  the development o f  

pneumonia, which i s  sa id  t o  be the most ser ious problem and most common 

cause o f  death i n  cases invo lv ing  severe tho rac ic  trauma, given su rv i va l  

beyond one t o  two days. The development o f  pneumonia prolongs the use 

of r e s p i r a t o r s  and c a l l s  f o r  increased oxygen l eve l s  (100% f o r  prolonged 

per i ods) . Oxygen tox i c i t y  added t o  pneumoni a and contus ion  i s 

considered un i formly  f a t a l  i n  i t s  consequences. Further,  the contused 

lung i s  more suscept ib le  t o  simple "blowout." Lung contusion i s  a lso  

l i k e l y  t o  lead t o  loca l  areas being l e f t  a i r l e s s  w i t h  a r e s u l t i n g  

a r te ry - to -ve in  shunting occurr ing and loca l  pneumonitis. The shunt ing 



apparently leads to increased strain on the heart and an ultimate 

decrease in arterial oxygen. 

Hemothorax Pneumothorax. The pleural cavity represents 

"potential" space. When blood or air enters this space, the situation 

is described as hemothorax or pneumothorax, The combined 

hemopneumothorax case also exists. Treatment is by entubing the area 

and often physically cutting into the cavity to remove clotted blood. 

In either the hemo- or pneumothorax case, it is important to prevent 

compression or collapse of the lung by draining the cavity. Neither is 

properly an "injury," a1 though each is reported on both accident and 

medical reports. Original pneumothorax would most likely result from a 

fractured rib cutting through the pulmonary pleura. Late-developing 

pneumothorax seems to be the result of a "blowout" of the lung at a 

contused location when on mechanical respiratory assistance. Hemothorax 

could result from several different blood vessel injury locations. It 

need not be accompanied by rib fracture, but usually occurs when vessels 

tear at the same time that adjacent ribs are fractured. 

Heart and Great Vessels. Contusion of the muscle wall of the heart --- 
frequently occurs in the same cases in which severe contusion of the 

lung(s) is found, Diagnosis at the time of admission is seldom made. 

Since oxygen shortage in the arterial blood would result from the lung 

injury and contribute to the ECG pattern characteristic of reduced blood 

supply to the heart muscle, the heart contusion would not be 

distinguishable. Contusion of the heart is generally discovered at the 

time of autopsy. It is not considered a primary cause of death in the 

short run but does seem to add to the overall set of problems of a lung- 

injured case, sometimes in the form of oxygen shortage in the brain and 



cardiac arrest. Treatment for and the general course of heart muscle 

contusion are similar to those associated with myocardial infarction, 

except that coronary vasodilators and anticoagulants are of little 

benef i t . 
Among heart injuries, rupture of the muscle wall is the lesion 

quite frequently found at autopsy following fatalities from 

nonpenetrating chest trauma. Rupture of the right ventricle is most 

common, followed by the left ventricle, the right atrium, and the left 

atrium. Survival is seldom over thirty minutes, and successful surgical 

treatment is rare. Survival long enough to reach a medical facility 

corresponds to the pericardial tamponade situations. lnterventricular 

wall (septum) perforation is a less acute form of rupture, Congestive 

heart failure in the first two weeks is common i f  this rupture is not 

diagnosed and surgically repaired. Animal studies have suggested that 

this perforation is more likely when the blow is delivered late in the 

dilation of the ventricles or early in the contraction period. 

Late true aneurysm, i.e., the thinning or stretching of the heart's 

mulscle wall, or late pseudoaneurysm, i.e., the dilation of an artery at 

a nearby site, are further complications of heart trauma. Morbidity and 

mortal i ty are high in these instances. 

Heart valve rupture, particularly the left side aortic valve in 

people with pre-existing disease conditions, is not rare in blunt chest 

and abdomi na 1 trauma. Rapid progress ion of congestive heart fa i 1 ure i n 

one or two years is the expected outcome of untreated cases. 

Pericardial disruption, the rending of the double layered sac 

containing the heart and the beginning of the great vessels, is found in 

a significant portion of those cases examined at autopsy following blunt 



chest trauma. The tears are typically transverse and extend across the 

upper base of the heart near the reflection of the visceral (inner) and 

parietal (outer) per icardium. Natural ly, such a tear in the presence of 

heart muscle injury and bleeding can produce fatal, gross loss of blood 

from the heart, Smaller tears may allow a suffieient tamponade to occur 

to control bleeding adequately and long enough to allow treatment. In 

the absence of pericardial rending of any great extent, the pericardium 

"potential" space may be filled with blood creating a cardiac tamponade 

with serious results. Surgical puncture of the pericardium and removal 

of this blood is required but is a dangerous procedure. An inflammatory 

reaction in the pericardium following blunt trauma is ordinarily well 

resolved. 

Aneurysms of the aorta are not uncommon among people suffering 

blunt thoracic trauma sufficient to cause bony injury and a widened 

mediastinum. Aortography is required to confirm the aneurysm. Aortic 

aneurysms appear to be associated most frequently with upper sternal 

and/or upper rib fractures. To physically visualize the aorta, consider 

this image. From the left ventricle, a single great vessel (the 

ascending aorta) rises upward. This vessel arches above the heart and 

then turns down, rearward, and to the left, becoming the thoracic aorta 

(the descending aorta) . From the top of the arch of the aorta, the 

brachiocephal ic trunk artery, the left common carotid artery, and the 

left subclavian artery arise. The brachiocephalic trunk branches in a 

few centimeters into the right common carotid and right subclavian 

arteries. The coronary arteries originate at the base of the ascending 

aorta. 



Ruptures o f  the  a o r t a  appear t o  occur i n  severa l  reg ions.  Because 

c l i n i c a l  l i t e r a t u r e  i s  be ing  reviewed, one must suspect t h a t  t he re  i s  

case s e l e c t i o n  be ing  performed accord ing t o  the  a u t h o r ' s  s p e c i a l t y  o r  

i n t e r e s t ,  and one should n o t  t h e r e f o r e  accept sweeping statements t h a t  

i n d i c a t e  p r e f e r r e d  l o c a t i o n s  f o r  rup tu re .  However, i t  appears t h a t  t he  

s i t e  o f  t h e  r u p t u r e  i s  o r d i n a r i l y  j u s t  d i s t a l  (most outboard) t o  the  

l e f t  subc lav ian a r t e r y .  I t  i s  es t imated t h a t  o n l y  ten  t o  twenty percent  

o f  t h o r a c i c  a o r t i c  r u p t u r e  cases l i v e  long enough f o r  o p e r a t i v e  care  t o  

be achieved, and t h a t  even these cases o f t e n  show few s igns  o f  ex te rna l  

i n j u r y .  

6.3 Observat ions Reuardinq J& C l  i n i c a l  L i t e r a t u r e  
on Thorac ic  I n j u r y  - 
The c l i n i c a l  l i t e r a t u r e  on t h o r a c i c  i n j u r y  i s  ve ry  i n s t r u c t i v e .  As 

f a r  as a  b iomechanics-or iented reader i s  concerned, t h i s  l i t e r a t u r e  does 

p rov ide  t h e  bas i s  f o r  a  mechan is t ic  d e s c r i p t i o n  o f  t h o r a c i c  s t r u c t u r e  

and an a p p r e c i a t i o n  f o r  i t s  f a i l u r e s  under b l u n t  load ing.  Th is  

l i t e r a t u r e  does not, however, d i r e c t l y  e s t a b l i s h  any wel l - founded 

hypotheses regard ing i n j u r y  mechanisms o r  to le rances such as cou ld  be 

r e l a t e d  t o  l oca t i on ,  d i s t r i b u t i o n ,  d i r e c t i o n ,  o r  t ime h i s t o r y  o f  

ex te rna l  loading.  I t  does serve t o  e s t a b l i s h  a  background aga ins t  which 

the  biomechanics researcher might  t r e a t e  hypotheses. I t  seems c l e a r  

t h a t  g rea te r  l e v e l s  of communication between f i e l d  acc iden t  r e p o r t i n g  

and medical  a n a l y s i s  o f  cases c o u l d  e s t a b l i s h  the  b a s i s  f o r  l abo ra to ry  

p r a c t i c e  devoted t o  genera t ing  a  b e t t e r  connect ion  between load ing and 

i n j u r y .  

One must suspect t h a t  t he  h e a l t h  o f  l o c a l  t i s s u e  p r i o r  t o  i n j u r y ,  

as w e l l  as the  t raumat ized pe rson ' s  o v e r a l l  h e a l t h  and reserve 



capacities, have a significant effect on susceptibility to injury. 

Furthermore, missed diagnoses of significant injuries, inadequate 

treatment capabilities, delayed outcomes of injury, and the general 

absence of autopsy of trauma fatalities seem to preclude descriptive 

statistics on detailed thoracic injury. 

7.0 Field Case Data 

Driver thoracic injuries in frontal crashes commonly involve 

contact between the thorax and the steering wheel. The development of 

distributed force on the thorax is reasonably assured in this situation. 

The driver's upper torso must receive an integrated, effective force- 

time input equivalent to the upper torso's momentum in order for the 

torso to come to rest. This impulse would be the net effect of the 

forces, consisting of the separate forces delivered through the 

connections of the neck, arms, and lower torso with the upper torso plus 

the force delivered by the hub-rim and spokes of the steering wheel. 

The loading distribution and time history of the thorax/steering-wheel 

interaction is of interest in considering specific injuries of the 

thorax. 

The technical literature dealing with experimental frontal impacts 

to the human thorax has generally been restricted to situations in which 

the'impulse has been delivered by a six-inch diameter impactor in the 

body's plane of symmetry and "normal to" the sternum, with the body in a 

seated position. There is a variety of evidence to indicate that a 

horizontal, center-plane impact by a six-inch diameter striker only 

poorly models the situations in which real crashes produce thoracic 

injury from steering-wheel-delivered impulses. This last comment is not 

a criticism of the research reported in the literature since, surely, 



s tandard i zed  l a b o r a t o r y  procedures a r e  r e q u i r e d  i n  o rde r  t o  a l l o w  

c o r r e l a t i o n  o f  research done a t  d i f f e r e n t  t imes and p laces.  The comment 

i s  designed t o  suggest t h a t  a  g rea te r  v a r i e t y  o f  t e s t  c o n d i t i o n s  w i l l  be 

r e q u i r e d  i f  the  v a r i o u s  i n j u r y  mechanisms assoc ia ted w i t h  impu ls i ve  

s t e e r i n g  wheel l oad ing  o f  t he  thorax  a r e  t o  be understood. 

F i gures 2 and '3 a r e  der ived f rom data  generated by t h e  MVMA 2-D 

computer s i m u l a t i o n  o f  an occupant i n t e r a c t i n g  w i t h  a v e h i c l e  i n t e r i o r  

d u r i n g  a  f r o n t a l  crash.  The s i m u l a t i o n  used average va lues f o r  a l l  

parameters o f  t h e  v e h i c l e  and occupant and was r u n  t h r e e  t imes w i t h  o n l y  

one parameter changed between runs.  T h i s  parameter was the  h e i g h t  o f  

the s t e e r i n g  wheel hub. The t h r e e  va lues used were an average h e i g h t  

and t h a t  h e i g h t  increased and decreased by 7 cm. The most s i g n i f i c a n t  

o b s e r v a t i o n  i s  t h a t  a l t e r i n g  t h i s  parameter d i d  n o t  have a  gross e f f e c t  

on t h o r a c i c  s p i n a l  d e c e l e r a t i o n  (F igure  2) b u t  d i d  have a  s i g n i f i c a n t  

e f f e c t  upon the  l e v e l  o f  f o r c e  d e l i v e r e d  t o  the  thorax  (F igure  3 ) .  The 

e x p l a n a t i o n  f o r  these two aspects o f  t h e  da ta  l i e s  i n  t h e  d e t a i l  o f  t h e  

da ta  t a b l e s .  

Ra is ing  o r  l ower ing  the  s t e e r i n g  assembly r e l a t i v e  t o  t h e  occupant 

r e s u l t s  i n  some o f  t he  load no rma l l y  d e l i v e r e d  d i r e c t l y  t o  the  tho rax  

be ing  taken by the  head o r  abdomen. T h i s  f o r c e  i s  s t i l l ,  however, 

d e l i v e r e d  i n d i r e c t l y  t o  t h e  thorax  by way o f  t he  neck o r  mid- torso ,  

Thus, even though the  d i r e c t  f o r c e  i n p u t  t o  t h e  thorax  f rom the  s t e e r i n g  

assembly i s  h igher  f o r  t h e  mid-mount h e i g h t  than f o r  t h e  h i g h  o r  low 

mounts, t h e  d e c e l e r a t i o n  o f  t he  t h o r a c i c  sp ine f o r  a l l  t h r e e  h e i g h t s  

remains about the  same. Thus one f i n d s  suppor t  i n  t h i s  da ta  f o r  an 

argument t h a t ,  a l l  o the r  parameters be ing  t h e  same, the  t h o r a c i c  i n j u r y  

outcome o f  s i m i l a r  r e a l - w o r l d  crashes shou ld  depend upon the  h e i g h t  o f  
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the driver's thorax relative to the steering wheel at the moment of 

interaction in a crash. This relative height,can of course be affected 

by the driver's sitting posture and thus may be difficult to ascertain. 

In addition to thorax/steering-wheel relative height, there are 

several other factors that seem important. We have inferred that the 

vertical component of the impulsive force on the thorax may be 

significant and thus a factor to be considered in accident 

investigation. NHTSA has had a relatively large number of barrier 

crashes of automobiles performed in connection with enforcement of FMVSS 

204, "Steering Control Rearward D i spl acement ." Data have been extracted 

from Kahane (1980) 5 z  relative to the vertical movement of the hub of the 

steering assembly during a barrier crash. Figure 4 (a through p) shows 

these data for sixteen domestic 1975-76 vehicles plotted as functions of 

time. These figures should be viewed with the understanding that the 

time interval from 75 to 100 ms is the interval during which the 

driver's thorax would be loaded longitudinally by the column. Upward or 

downward movement of the steering hub during a time interval involving 

strong longitudinal thoracic loading should be presumed to deliver an 

associated upward or downward shear type of thoracic loading. Several 

vehicles from this collection appear to be candidates for such shear- 

type loading. The vertical line on each of these plcts indicates the 

approximate time at which the hub reversed its fore and aft motion 

relative to the undisturbed occupant compartment. 

To study thorax/steering-wheel interaction in actual crashes, two 

data f i les were accessed: the National Crash Severity Study (NCSS) and 

the Huelke/Sherman team cases from the University of Michigan Vehicle 

Occupant Report (UMI VOR) . These f i 1 es were searched for cases in which 
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(1) the  i n j u r e d  occupant was t h e  d r i v e r ;  (2) t he  c rash was f r o n t a l  and, 

f o r  car - to -car  crashes, a b a r r i e r  equ iva len t  v e l o c i t y  cou ld  be 

es1:imated; (3) t he  i n j u r y  was t o  the  thorax ;  (4) t h e  con tac t  r e l a t e d  t o  

t h e  i n j u r y  was the  s t e e r i n g  wheel; and (5) photographs o f  t h e  s t e e r i n g  

wheel had been inc luded.  The UMIVOR f i l e  con ta ins  two v a r i a b l e s  t h a t  

appeared t o  be r e l a t e d  t o  the  thorax/steer ing-wheel  i n t e r a c t i o n .  These 

v a r i a b l e s  desc r ibe  spoke damage and r i m  damage, each w i t h  a 0-3 damage 

sc i t le  d e f i n e d  by the  words "none," "deformed s l i g h t l y , "  " seve re l y  bent , "  

and "broken." A rev iew o f  NCSS case photographs o f  s t e e r i n g  wheels by a 

t r a i n e d  i n v e s t i g a t o r  from the UMIVOR team prov ided va lues f o r  these two 

v a r i a b l e s  f o r  each NCSS case. These two v a r i a b l e s  were summed c r e a t i n g  

a t o t a l  s t e e r i n g  wheel d i s r u p t i o n  (TSWD) parameter. The sums were then 

used as symbols on p l o t s  showing tho rax  AIS versus b a r r i e r  equ iva len t  

v e l o c i t y  (BEV) . Figures  5 and 6 d i s p l a y  the  r e s u l t s  f o r  41 NCSS cases 

and 32 UMIVOR cases r e s p e c t i v e l y ,  Each f i g u r e  d i s p l a y s  the  expected 

r e l a t i o n s h i p  o f  t h o r a c i c  i n j u r y  t o  BEV, i . e . ,  t h a t  an increase i n  BEV i s  

p r e d i c t i v e ,  a l though poor l y ,  o f  an increase i n  tho rax  AIS va lues,  Note 

t h a t  TSWD va lues o f  0 o r  1 a re  assoc ia ted w i t h  BEV's o f  l e s s  than 17 

mp h . 
The NCSS data i n  F igu re  5 c o n t a i n  5 o f  41  cases w i t h  a thorax  AIS 

o f  1,  whi l e  the  UMIVOR data  i n  F igu re  6 c o n t a i n  23 o f  32 w i t h  a thorax 

AIS o f  1 .  I f  AIS 1-2 i s  used f o r  comparison, the  corresponding numbers 

a re  14 o f  41 f o r  NCSS and 26 of 32 f o r  UMIVOR. Thus the NCSS data  s e t  

has 27 o f  41,  o r  66 percent ,  o f  i t s  cases a t  t he  thorax  AIS o f  3 o r  

more, whi l e  the  UMIVOR data  s e t  has 6 o f  32, o r  19 percent ,  o f  i t s  cases 

i n  t h a t  s e v e r i t y  range. I n  the  NCSS cases, 7 o f  41 a r e  a t  BEV o f  less  

than 17 mph, w h i l e  i n  the  UMlVOR cases, 15 o f  32 cases a re  a t  BEV  o f  
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l e s s  than 17 mph. The UMIVOR cases are,  on average, f a r  l ess  severe 

than the  NCSS cases. Wi th  rega rd  t o  the  NCSS data,  h ighe r  AIS va lues,  

h ighe r  BEV va lues,  and h ighe r  TSWD codes do go toge the r .  T h i s  i s  n o t  

d i r e c t  ev idence t h a t  t he  n a t u r e  o f  t h e  s t e e r i n g  wheel d i s r u p t i o n  i s  

respons ib le  f o r  t he  n a t u r e  o r  degree o f  i n j u r y .  The h ighe r  i n j u r y  

l e v e l s  tend t o  be l a c e r a t i v e  i n  nature ,  however, and h ighe r  TSWD va lues 

do i n d i c a t e  t h a t  s t ronger  g r a d i e n t s  o f  t h o r a c i c  deformat ion  m igh t  have 

occurred.  Thus a  hypothes is  o f  a  r e l a t i o n s h i p  i s  n o t  w i t h o u t  a  b a s i s  o f  

suppor t  . 
Tab le  3 con ta ins  an index o f  NCSS cases examined i n  d e t a i l  a long 

w i t h  a  summary o f  i n j u r y - r e l a t e d  data .  A l l  cases a r e  o f  t h e  d r i v e r / c a r -  

t o - c a r / f r o n t - c r u s h  type. F igures  7, 8, and 9 present  c o r r e l a t i o n s  o f  

t he  thorax  AIS va lues f o r  these cases w i t h  computed DOT CRASH2 v e l o c i t y  

changes, b a r r i e r  e q u i v a l e n t  v e l o c i t y  changes, and peak d e c e l e r a t i o n  

based upon CRASH2-developed f o r c e s  r e s p e c t i v e l y .  The c o r r e l a t i o n  

c o e f f i c i e n t s  a r e  between 0.4 and 0.5. Tab le  4 con ta ins  a  summary o f  t he  

r e g r e s s i o n  r e l a t i o n s h i p  between t h e  DOT CRASH2 v e l o c i t y  change and 

tho rax  AIS f o r  d r i v e r s  and r i g h t - f r o n t - s e a t  occupants i n  a  v a r i e t y  o f  

c rash formats .  Case indexes and c o r r e l a t i o n  sketches f o r  each occupant/ 

c rash type,  o the r  than t h e  one d iscussed above, can be found i n  Appendix 

C as Tables 5 through 1 1  and F igu res  10 through 30 r e s p e c t i v e l y .  

The index of the  UMIVOR cases examined i s  a l s o  found i n  Appendix C 

as Tab le  12. F igures  31 through 62  con ta i  n  computer-created case- repor t  

sketches o f  these UMIVOR cases. The index o f  t he  NCSS cases examined i s  

found, repeated, as Tab le  13 .  F igures  63 through 131 c o n t a i n  a  

d i f f e r e n t  type o f  computer-generated case- repor t  sketch.  These sketches 

a re  inc luded t o  p r o v i d e  readers  who do n o t  have a  r e a d i l y  a v a i l a b l e  



TABLE 3 

- - - - - - - - - 
VEHICLE  
CODE 

D R I V E R  CHEST INJURY CAR TO CAR CRASH. FRONT CRUSH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
??CSS CASE LEVEL TYPE OBJECT CONTACTED PEAK 

INJURY INJURY DECELERATION 

------ 
2 A I S  
2 A I S  
1 A I S  
2 A I S  
1 A I S  
1 A I S  
2 A I S  
1 A I S  
2 A I S  
1 A I S  
1 A I S  
2 A I S  
I A I S  
2 A I S  
2 A I S  
2 A I S  
2 A I S  
1 A I S  
1 A I S  
3 A I S  
3 A I S  
3 A I S  
3 A I S  
3 A I S  
3 A I S  
3 A I S  
3 A I S  
3 A I S  
3 A I S  
3 A I S  
3 A I S  
3 A I S  
3 A I S  
3 A I S  
3 A I S  
1 A I S  
3 A I S  
3 A I S  
2 A I S  
3 A I S  
3 A I S  
3 A I S  
3 A I S  
3 A I S  
2 A I S  
3 A i S  
1 A I S  

--- -------------- 
FRACTURE 
FRACTURE 
P A I N  
FRACTURE 
ABRASION 
CONTUSION 
FRACTURE 
CONTUSION 
CONTUSION 
ABRASION 
CONTUSION 
FRACTURE 
CONTUSION 
FRACTURE 
FRACTURE 
FRACTURE 
CONTUSION 
P A I N  
P A I N  
FRACTURE 
FRACTURE 
FRACTURE 
FRACTURE 
FRACTURE 
FRACTURE 
CONTUSION 
FRACTURE 
OTHER 
FRACTURE 
FRACTURE 
CONTUSION 
FRACTURE 
FRACTURE 
FRACTURE 
FRACTURE 
CONTUS I O N  
FRACTURE 
FRACTURE 
FRACTURE 
FRACTURE 
FRACTURE 
FRACTURE 
FRACTURE 
OTHER 
FRACTURE 
F R A C i u i i E  
P A I N  

- - - ---------------  

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
STEERING ASSEMBL 
STEERING ASSEMBL 
STEERING ASSEMBL 
UNKNOWN 
STEERING ASSEMBL 
STEERING ASSEMBL 
STEERING ASSEMBL 
UNKNOWN 
STEERING ASSEMBL 
UNKNOWN 
UNKNOWN 
STEERING ASSEMBL 
STEERING ASSEMBL 
STEERING ASSEMBL 
UNKNOWN 
UNKNOWN 
UNKNOWN 
STEERING ASSEMBL 
STEERING ASSEMBL 
STEERING ASSEMBL 
STEERING ASSEMBL 
STEERING ASSEMBL 
STEERING ASSEMBL 
STEERING ASSEMBL 
UNKNOWN 
UNKNOWN 
STEERING ASSEMBL 
STEERING ASSEMBL 
STEERING ASSEMBL 
STEERING ASSEMBL 
STEERING ASSEMBL 
STEERING ASSEMBL 
STEERING ASSEMBL 
STEERING ASSEMBL 
STEERING ASSEMBL 
S I D E  I N T E R I O R  
S I D E  I N T E R I O R  
UNKNOWN 
STEERING ASSEMBL 
STEERING ASSEMBL 
SiEE.iNG A S S E X E L  

STEERING ASSEMBL 

EQUIVALENT 
B A R R I E R  
SPEED . 

- - - - - - - - - - - - - - - - - -  
17 MPII  

14 MPH 
1 1 MPt i  
28 MPH 
9 MPH 
17 MPH 
15 MPH 
22 MPH 
34 MPH 
40 MPH 
49 MPH 
29 MPH 
19 MPH 
31 MPH 
64 MPH 
47 MPH 
24 MPH 
28 MPH 
20 MPH 
50 MPH 
20 MPH 
27 MPt i  
22 MPH 
35 MPH 

26 MPH 
47 MPH 
32 MPH 
31 MPH 
2 1 MPH 
36 MPH 
la MPH 
23 MPH 
6 MPH 

18 MPH 
18 MPH 
16 MPH 
24 MPH 
30 MPH 
47 MPt i  
17 MPH 
4 1 MPH 
44 MPH 
27 EiPH 
58 MPH 

DOT-CRASH2 
D E L T A - V  

18 M P l i  
1 1  MPH 
15 MPH 
1 1 MPI-I 
13 MPI I  
13 MPH 
17 MPH 
25 MPH 
51 MPH 
0 MPH 

2 I MPt i  
17 MPH 
29 MPl i  
9 MPH 
25 MPH 
39 MPH 
17 MPt i  
15 MPH 
25 MPH 
14 MPH 
20 MPH 
23 MPH 
24 MPH 

28 MPH 
42 MPH 
0 MPH 
0 MPH 
32 MPt i  
33 MPH 
29 MPH 
12 MPH 
9 Mf'H 

0 MPt i  
25 MPH 
0 MPH 

1 1  MPH 
0 MPH 
0 M P l i  

1 0  MPt i  
39 MPH 
0 MPH . - .--.a 

I J M r n  

0 MPH 
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means of using the original data files with a fuller understanding of 

the field cases. 

8.0 Conc l us ions and Recommenda t i ons -. 
Selected sets of scientific and clinical literature, regulatory 

background, and case studies dealing with automobile occupants' thoracic 

injuries during automobile crashes have been reviewed. The bulk of the 

reported research on the engineering characteristics of the human thorax 

under blunt, impulsive loading is concentrated on the force-time, force- 

deflection, and deflection-time histories of the thorax, with the 

loading being delivered by cylindrical strikers in the central plane and 

normal to the sternum. Significant biodynamic testing has been done 

under side impulsive loading with multiple accelerometer locations on 

the bony thoracic cage. Predictions of injury, on the AIS scale, have 

been made based upon relative sternum-spinal deflections or sternal 

loading, as well as upon rib fracture in central plane human cadaver 

studies. Also, predictions of injury, in the case of lateral loading, 

have been developed based upon combinations of signals, and the time 

integrals of signals, from the thoracic bony cage instrumentation. Most 

commonly, in the case of human cadavers, rib fracture has played a 

prominent part in injury predictions, i .e., in predicting the injury a 

living human would receive under similar loading. 

The research literature relating to automotive crash blunt thoracic 

loading does not deal to any the great extent with injury to the lungs, 

great vessels of the thorax, or the heart. Research relative to the 

mechanisms of the development of contusions, aneurysms, or tearing of 

the lungs, great vessels, or heart is generally absent in the 

literature. Research dealing with the influence of the geometry of 



impactors and/or with variations in the relative height, center1 ine 

offset, or angle of the delivered impulse is particularly absent. 

Field studies of crashes have produced only a small fraction of 

cases that can be even roughly modeled to predict the linear or angular 

time history of the crashing vehicle. These field studies have almost 

uniformly ignored the probable positioning of the occupant's thorax 

relative to vehicle landmarks, such as the steering wheel hub or the 

upper instrument panel's surface in frontal crash cases. The result of 

these two circumstances is the almost total inability to infer the 

general nature of the impulsive loading on an occupant's thorax. This 

general inability is compounded by the known or predictable sensitivity 

of injury to local force or local deformation patterns. 

Two broad recommendations follow from this study. First, detailed 

laboratory human cadaver impact studies should be carried out under 

protocols that allow insight into the contusions and lacerations of the 

lungs, the great vessels of the thorax, and the heart, under conditions 

in which both the impactor shape and impact location and angle are 

varied. Associated live surrogate testing would be required to allow 

study of the living system's reaction to contusions and lacerations. 

Second, intensive efforts to devise means of accurately reconstructing 

the pre-crash relative position of the occupant's thorax as well as the 

occupant-vehicle kinematics and kinetics should be undertaken. Motion 

of the vehicle elements contacted by the thorax during a crash should be 

given particular attention. 
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APPENDIX A 





Appendix & Federal Register Excerpts 

[I] Fed. ~ t h .  No. 515/4, June 30, 1965. 
Impact Absorbing Steer ing Wheel and 
Column Displacement f o r  Automotive Vehic les.  

S3 .1  The s teer ing  wheel assembly s h a l l  be so const ructed t h a t  when 
i t  i s  impacted a t  a  r e l a t i v e  v e l o c i t y  o f  22 f e e t  per second w i t h  a  to rso  
shaped body block as shown i n  f  i gure 1 ,  weighing 75-80 pounds, and 
having a  sp r ing  r a t e  load of 600-800 pounds, the fo rce  developed dur ing  
co l lapse  o f  the wheel s h a l l  not  exceed 2,500 pounds. The sp r i ng  r a t e  i s  
determined by loading the chest o f  the t o r so  shaped body b lock w i t h  a  4- 
inch wide f l a t  contact  sur face so t h a t  i t  i s  90 degrees t o  the 
l o r ~ g i t u d i n a l  ax i s  o f  the body b lock,  p a r a l l e l  t o  the backing p l a t e  and 
w i t h i n  15 t o  20 inches from the top o f  the head form. The load i s  
mea~sured when the f l a t  contact  sur face has moved down 1/2 inch, and the 
spr ing  r a t e  i s  determined by doubl ing t h i s  load f i g u r e .  . . . 

S3.3 The s teer ing  column s h a l l  be so designed t h a t  when the f r o n t  
s t r u c t u r e  o f  the automotive v e h i c l e  co l  lapses dur ing  the S A E  ~ 8 5 0  
b a r r i e r  c o l l i s i o n  t e s t  a t  20 m i les  per hour, the upper end o f  the 
s t ee r i ng  column sha l l  no t  be d isp laced rearward, r e l a t i v e  t o  an 
undisturbed po in t  t o  the rear o f  the s t ee r i ng  wheel pos i t i on ,  more than 
5 inches. 

[2] Fed. Std. No. 515/4a, Ju ly  15, 1966. 
Energy Absorbing Steer ing Control 
System f o r  Automotive Vehicles. . . .  
S3.3 The s teer ing  con t ro l  system s h a l l  be designed so t h a t  when i t  

i s  impacted a t  a  r e l a t i v e  v e l o c i t y  o f  22 f e e t  per second w i t h  a  to rso  
shaped body block as shown i n  f i g u r e  1 ,  weighing 75-80 pounds, and 
havi ng a  spr i ng r a t e  load o f  600-800 pounds per i nch, i t w i  1 1 absorb the  
energy o f  the body b lock.  The f o r ce  developed dur ing  co l lapse  o f  the 
system s h a l l  no t  exceed 2,500 pounds. Load the chest o f  the to rso  
shaped body b lock w i t h  a  b- inch wide f.1at contact  sur face so t h a t  i t  i s  
90 degrees t o  the l ong i t ud i na l  ax i s  o f  the body block,  p a r a l l e l  t o  the 
backing p l a t e  and w i t h i n  15 t o  20 inches from the top o f  the head form. 
Measure the load when the f l a t  contact  sur face has compressed the body 
b lock mate r ia l  1/2 inch. The spr ing  r a t e  i s  double t h i s  load f i g u r e .  . . . 

53.5 The s tee r i ng  con t ro l  system s h a l l  be so designed t h a t  when 
thc f r o n t  s t r u c t u r e  of the automotive v e h i c l e  co l lapses dur ing  the S A E  
Rec:ommended Prac t i ce  J850, Barr i er Col 1 i s  ion Tests, o r  equ iva lent ,  a t  30 
m i les  per hour, the upper end o f  the s t ee r i ng  con t ro l  system s h a l l  no t  
be d isp laced rearward, r e l a t i v e  t o  an undisturbed p o i n t  t o  the rear o f  
the s t ee r i ng  wheel pos i t i on ,  more than 5 inches. 



[3] 31 F R  15219, December 3, 1966. 
FHVSS 203, proposal; Docket 3 ,  Not ice 1.  
Impact P ro tec t i on  f o r  the Dr i ve r  from the S teer ing  Control  System 

54.1 When the s tee r i ng  con t ro l  system i s  impacted by a body b lock 
i n  accordance w i t h  Society o f  Automotive Engineers Recommended P rac t i ce  
J944, "Steer i ng Wheel Assemb.1 y Laboratory Test Procedure," February 
1966, or  an approved equiva lent ,  a t  a r e l a t i v e  v e l o c i t y  o f  15 m i les  per 
hour-- 

(a) The fo rce  developed on the chest o f  the body b lock s h a l l  not  
exceed 1,800 pounds; 

(b) The pressure i n  the area o f  contact  s h a l l  no t  exceed 50 
p.s.i.; and, 

(c) Peakload s h a l l  no t  be reached w i t h i n  10 m i  1 1  iseconds a f t e r  
impact. 

[4] 3 1  F R  15219, December 3, 1966. 
FMVSS 204, proposal; Docket 3, No t i ce  1 .  
S teer ing Control  Rearward Displacement . . . 
54.1 The upper end o f  the s t ee r i ng  column and sha f t  sha l l  not  be 

d isp laced h o r i z o n t a l l y  rearward p a r a l l e l  t o  the l ong i t ud i na l  ax i s  o f  the 
v e h i c l e  r e l a t i v e  t o  an undisturbed p o i n t  on the v e h i c l e  more than 3 
inches, determined by dynamic measurement, i n  a b a r r i e r  c o l l i s i o n  t e s t  
a t  30 m i l es  per hour conducted i n  accordance w i t h  Society o f  Automotive 
Engineers Recommended P rac t i ce  J850, "Bar r ie r  Col 1 i s  i on  Tests," February 
1963 

[5] 32 F R  2414, February 3, 1967. 
FHVSS 203, r u l e ;  Docket 3. 
Impact P ro tec t i on  f o r  the  Dr i ve r  from the Steer ing Control  System 

S . l  Purpose and scope. Th is  standard spec i f i e s  requirements f o r  
s t ee r i ng  con t ro l  systems t h a t  w i l l  minimize chest, neck, and f a c i a l  
i n j u r i e s  t o  the  d r i v e r  as a r e s u l t  o f  impact. 
* . .  

54.1 When the s tee r i ng  con t ro l  system i s  impacted by a body block 
n accordance w i t h  Society o f  Automotive Engineers Recommended P rac t i ce  
944, "Steer i ng Wheel Assemb 1 y Laboratory Test Procedure, I' December 

1965, o r  an approved equiva lent ,  a t  a r e l a t i v e  v e l o c i t y  o f  15 m i les  per 
hour, the impact f o r c e  developed on the chest o f  the body block 
t ransmi t ted  t o  the s tee r i ng  con t ro l  system s h a l l  no t  exceed 2,500 
pounds. 



[6] 32 FR 2414, February 3, 1967. 
FMVSS 204, rule; Docket 3. 
Steering Control Rearward Displacement . . 
54.1 The upper end of the steering column and shaft shall not be 

displaced horizontally rearward parallel to the longitudinal axis of the 
vehicle relative to an undisturbed point on the vehicle more than 5 
inches, determined by dynamic measurement, in a barrier collision test 
at 30 miles per hour minimum conducted in accordance with Society of 
Automot ive Engi neers Recommended Practice J850, "Barr i er Co1 1 i s i on 
Tests," February 1963. 

[71 32 FR 14280, October 14, 1967. 
FMVSS 203, proposal; Docket 2-3. 
Impact Protection for the Driver from the Steering Control System 

Standard No. 203, issued January 31, 1967 (32 F.R. 241 I ) ,  specified 
requirements for steering control systems that will minimize chest, 
neck, and facial injuries to the driver as a result of impact. 

The Administrator is considering extending these requirements to 
include a maximum pressure in the area of contact with the chest and 
rate of onset of force after impact. 

[81 32 FR 14281, October 14, 1967. 
FMVSS 214, 216, proposal; Docket 2-6. 
l ntrusion 

The Administrator is considering the issuance of a Federal Motor 
Vehicle Safety Standard specifying requirements to limit the amount of 
intrusion or penetration on exterior impact, including front, side, 
rear, and roof, of vehicle and other structures into passenger 
compartments of passenger cars, multipurpose passenger vehicles, trucks, 
and buses. 

[9] 33 FR 18386, December 1 1 ,  1968. 
ClR 103, proposal; Docket 28-3, Notice 2. 
Side Intrusion Protection for Occupants 
of Passenger Compartments 

(a) Purpose and scope. The purpose of this section is to provide 
information on' the degree of side intrusion protection afforded 
occupants during side impact. . . 

(2) Prepare a loading device consisting of a rigid steel cylinder 
or semi-cylinder 12 inches in diameter, 24 inches in length, with corner 
radii of not more than 0.50 inches. 
. . a  



(4) Using the loading device, apply a load to the outer pane1 of 
each side door in a horizontal direction towards the center of the car 
and at 90 degrees to a vertical plane passing through the car's 
longitudinal center line. Apply the load at a rate of not more than 10 
inches per second until the door's inner panel contacts a vertical plane 
parallel to, and 12 inches outboard of, a longitudinal vertical plane 
through the center of the designated seating position closest to the 
door being tested. . . . 

( 6 )  Obtain the side intrusion protection value as follows: 

(i) From the results obtained in subparagraph (5) of this 
paragraph, plot a curve of load versus displacement. 

( i  i )  Obtain the integral of the appl ied load with respect to the 
displacement between the displacement limits as specified in 
subparagraph (5) of this paragraph. (This may be done by measuring the 
area under the curve.) This figure, expressed in inch-pounds, 
represents the work required to deform the door. 

( i  i i) Divide the results obtained in accordance with subdivision 
(i i) of this subparagraph by the vehicle test weight in pounds. 

The quotient, rounded to the nearest tenth, is the side intrusion 
protection value for the door. 

[lo] 35 F R  813, January 21, 1970. 
CIR  103, proposal; Docket 20-3, Notice 3. 
Side Door Strength 

. * .  
The first proposal called for a measurement of the work required to 

deform the door inward to the point where the inner panel is 12 inches 
outboard of the center of the occupant ' s des i gnated seat i ng pos i ti on. 
The test was intended to produce a direct measure of intrusion 
protection, based in part on the assumption that the intrusion 
protection offered by the vehicle was proportional to the distance of 
the driver's or outboard passenger's seating position from the door. I t  
has been determined that this assumption may be questionable, in that 
the driver or outboard passenger tends to be thrown against the door 
when another vehicle collides with the side adjacent to him. Therefore, 
further study is needed in order to arrive at an appropriate method of 
deriving and presenting meaningful intrusion protection data. The 
strength of the door has been found to be a significant safety factor, 
however, without reference to the seating positions. In the present 
proposal, therefore, the quantity measured is the average force required 
to crush the door a standard distance of 12 inches, with an adjustment 
for the weight of the vehicle. The name of the section has accordingly 
been changed to Side Door Strength. . . . 



(4) Using the loading device, appiy a load to the outer panel of 
the door in an inboard direction normal to a vertical plane along the 
vehicle's longitudinal centerline. Apply the load such that the loading 
device travel rate does not exceed one-half inch per second, and 
continue application until the loading device travels 12 inches (the 
"crush distance") . 

(6) Determine the equivalent crush resistance as fol lows: 

(i) From the results obtained in subparagraph (5) of this 
paragraph, plot a curve of load versus displacement and obtain the 
integral of the applied load with respect to the crush distance. This 
quanti ty, expressed in inch-pounds and divided by the crush distance, 
represents the average resistance force in pounds required to deflect 
the door. 

(ii) Determine the equivalent crush resistance of the door by the 
following equation: 

Equivalent crush resistance= 
Average res i stance force+l/4 (3000-W) 

Where W is the curb weight of the vehicle in pounds plus 200. 

[l'l] 35 FR 5120, March 26, 1970. 
FMVSS 213, rule. 
Chi 1 d Seating Systems 

Because it is not fully developed, the body of a young child cannot 
safely tolerate the concentrated loads that an adult's body can. 
Therefore, it is not medically sound to restrain a child so that 
restraint loads are concentrated solely on his pelvis or his thorax. 
The widest possible distribution of those loads is desirable. As one 
respondent pointed out, the available information does not disclose in 
what proportion the loads should be distributed. Nevertheless, the 
Director has decided to retain the requirement that chi ld seating 
systems must distribute restraint forces on both the pelvis and thorax 
o f  their occupants. In the circumstances, a requirement for 
distribution of restraint forces, even if the extent of distribution is 
unspecified, seems preferable to no requirement at all. 

[I21 35 FR  6512, April 23, 1970. 
FMVSS 214, proposal; Docket 2-6, Notice 2. 
Side Door Strength . . . 
This notice proposes a new motor vehicle safety standard, which 

would set a minimum strength requirement for side doors of passenger 
cars, on the basis of a test substantially the same as that specified 
for the consumer information requirement. 



Recent s tud ies demonstrate t h a t  i n  s i de  impacts the percentage o f  
dangerous and f a t a l  i n j u r i e s  increases sharp ly  as the  maximum depth o f  
pene t ra t i on  increases, and t h a t  i n  f a t a l  s ide  c o l l i s i o n s ,  most occupants 
d i e  from s i de  s t r uc tu res  c o l l a p s i n g  inward on them, r a the r  than from 
t h e i r  s t r i k i n g  the door. To p r o t e c t  occupants from such hazards, a 
s t rong  door s t r u c t u r e  i s  requi red,  i n  con junc t ion  w i t h  an e f f e c t i v e  
r e s t r a i n t  system and energy-absorbing ma te r i a l  on the v e h i c l e ' s  
su r f  aces. 

I n  order t o  e s t a b l i s h  a minimum leve l  o f  p ro tec t i on ,  a s t a t i c  t e s t  
i s  proposed t h a t  would set  up three requirements t h a t  s ide  doors must 
meet. The i n i t i a l  res is tance,  de f ined  as the average f o r ce  requ i red  t o  
crush the door 6 inches inward, i s  se t  a t  a minimum of 2,500 pounds. 
The equ iva len t  crush res is tance,  the average f o r ce  requ i red  t o  crush the 
door 12 inches corrected by a f a c t o r  i nvo l v i ng  the  v e h i c l e ' s  weight,  i s  
set  a t  a minimum o f  3,750 pounds. Th is  i s  the q u a n t i t y  measured i n  the 
consumer in fo rmat ion  proposal on Side Door Strength.  F i n a l l y ,  t he  peak 
res is tance ,  the g rea tes t  r e s i s t i n g  f o r ce  measured over 18 inches o f  
crush, i s  se t  a t  a minimum o f  tw ice  the v e h i c l e ' s  weight.  

[ I 3 1  35 F R  7187, May 7, 1970. 
FMVSS 208, proposal; Docket 69-7, No t i ce  4. 
Occupant Crash P ro tec t i on  . . . 

The purpose o f  t h i s  n o t i c e  i s  t o  propose a motor sa fe ty  standard f o r  
Occupant Crash p ro tec t i on ,  which would spec i f y  performance requirements 
f o r  p r o t e c t i o n  o f  v e h i c l e  occupants i n  crashes both by systems t h a t  do 
and those t h a t  do no t  r equ i r e  vo lun ta ry  ac t ion .  The proposed standard 
would rep lace  the e x i s t i n g  Standard No. 208, Seat B e l t  I n s t a l l a t i o n s .  . . .  

The proposed standard es tab l i shes  bas ic  i n j u r y  c r i t e r i a  w i t h  
re ference t o  an anthropometr ic dummy, expressed i n  terms o f  maximum 
fo rces  and pressures on c r i t i c a l  p a r t s  o f  the body. I t  would r e q u i r e  
passenger cars manufactured on or  a f t e r  January 1,  1972, t o  meet these 
c r i t e r i a  w i t h  dummies placed a t  each designated sea t i ng  p o s i t i o n ,  i n  a 
f r o n t a l  f i x e d  b a r r i e r  crash a t  30 m i l es  per hour. Since i t  appears t h a t  
some manufacturers wi 1 1  be unable t o  meet these requirements by t h a t  
date w i t h  systems t h a t  a re  pure ly  passive, because o f  inadequate 
suppl ies  o f  such systems, passenger cars manufactured dur ing  calendar 
year 1972 would be permi t ted  t o  meet the c r i t e r i a  w i t h  advanced systems, 
such as veh i c l e - sens i t i ve  3-po in t  b e l t s ,  t h a t  do r e q u i r e  a c t i o n  by the 
occupants. On or  a f t e r  January 1, 1973, passenger cars  would be 
requ i red  t o  meet the f r o n t a l  crash t es t ,  and i n  a d d i t i o n  a l a t e r a l  
impact t e s t  and a r o l l o v e r  t e s t ,  by means r e q u i r i n g  no a c t i o n  by v e h i c l e  
occupants. 

The ant,hropometric dummy i s  an important p a r t  o f  the t e s t  
requ i  rements o f  the proposed standard. The s p e c i f i c a t i o n s  of S A E  
Recommended p r a c t i c e  J963, "Anthropometr i c Test Device f o r  Dynamic 
Test,"  a re  employed f o r  the  purposes o f  t h i s  proposal .  I t  i s  recognized 



t h a t  these s p e c i f i c a t i o n s ,  e v i d e n t l y  t h e  most complete s e t  a v a i l a b l e  a t  
t h i s  t ime, may n o t  p r o v i d e  t o t a l l y  r e p r o d u c i b l e  r e s u l t s  i n  t e s t i n g  
v e h i c l e  performance. Fu r the r  work on t h i s  s u b j e c t  i s  i n  progress,  and , 

comments a r e  s p e c i f i c a l l y  requested on any changes t h a t  should be made. 

54. Occupant p r o t e c t i o n  requirements.  

54.1 F ron ta l  b a r r i e r  crash.  When t h e  v e h i c l e  impacts a f i x e d  
c o l l i s i o n  b a r r i e r  p e r p e n d i c u l a r l y  o r  a t  any ang le  up t o  30 degrees from 
t h e  pe rpend icu la r  i n  e i t h e r  d i r e c t i o n ,  w h i l e  moving l o n g i t u d i n a l l y  
fo rward  a t  any speed up t o  30 m i l e s  per hour, i t  s h a l l  meet the  i n j u r y  
c r i t e r i a  of 54.4, under t h e  c o n d i t i o n s  o f  56. 

54.2 L a t e r a l  b a r r i e r  crash,  When the  v e h i c l e  impacts a f i x e d  
c o l l i s i o n  b a r r i e r  p e r p e n d i c u l a r l y ,  w h i l e  moving l a t e r a l l y  a t  15 m i l e s  
per hour, i t  s h a l l  meet the  i n j u r y  c r i t e r i a  o f  S4.4, under the  
c o r ~ d i t i o n s  o f  56 except  t h a t  a l l  a d j u s t a b l e  v e h i c l e  windows a r e  f u l l y  
0pe.n. 

54.3 R o l l o v e r .  When t h e  v e h i c l e  i s  sub jec ted  t o  2 complete 
r o l  l ove rs  on l e v e l  ground f rom a fo rward  speed between 30 and 60 m i  l e s  
per hour, under t h e  c o n d i t i o n s  o f  56 except  t h a t  a1 1 a d j u s t a b l e  v e h i c l e  
windows a r e  f u l l y  open, no anthropometr ic  t e s t  dev ice  s h a l l  be e j e c t e d  
f rom the  passenger compartment . . . . 

54.4.3 The r e s u l t a n t  chest  a c c e l e r a t i o n  s h a l l  n o t  exceed 409. 
. a .  

54.4.6 The f o r c e  on the  chest  shal  1 n o t  exceed 1,200 pounds, and 
the  pressure  on the  chest  s h a l l  n o t  exceed 50 pounds per square inch.  

[14]  35 F R  14911, September 25, 1970. 
FMVSS 208, Docket 69-7, N o t i c e  6. 
Occupant Crash P r o t e c t i o n  

The purpose o f  t h i s  n o t i c e  i s  t o  propose requirements f o r  occupant 
c rash p r o t e c t i o n  f o r  v e h i c l e s  manufactured on o r  a f t e r  January 1 ,  1972. 
A prev ious  n o t  i ce pub1 i shed on May 7, 1970 (35 F . R. 7 187) proposed 
requirements f o r  bo th  "passive" c rash p r o t e c t  i on  and f o r  i n t e r  i m  
"ac:t i ve"  systems, and a pub 1 i c  meet i ng was he1 d on June 24 and 25, 1970, 
t o  d i scuss  the  con ten ts  o f  t h a t  proposed standard.  On the  b a s i s  o f  
comments and i n f o r m a t i o n  rece ived  s i n c e  the  e a r l i e r  n o t i c e ,  t h i s  n o t i c e  
proposes m o d i f i e d  requirements f o r  t he  i n t e r i m  systems e f f e c t i v e  January 
1,  1972- 
, (8 . 

Under t h i s  proposed standard,  manufac turers  o f  passenger ca rs  would 
be g i ven  t h r e e  o p t i o n s  under which they cou ld  p r o v i d e  occupant c rash 
p r o t e c t i o n  i n  v e h i c l e s  manufactured on o r  a f t e r  January 1,  1972. 



The f i r s t  o p t i o n  would be a  pass ive p r o t e c t i o n  system t h a t  requ i res  
no a c t i o n  by v e h i c l e  occupants. A v a r i e t y  o f  systems may be used t o  
meet t h i s  requirement, among which a re  passive cushioning o f  the v e h i c l e  
i n t e r i o r ,  se l f - f as ten ing  b e l t  systems, crash deployed nets,  "blankets,"  
and a i r  bags. 

The second o p t i o n  would r e q u i r e  a  Type 1 l ap  b e l t  i n  a l l  pos i t i ons ,  
and would e i t h e r  (1) be tes ted  by a  30-m.p.h. b a r r i e r  crash w i t h  
anthropometr ic dummies res t r a i ned  by lap  b e l t s  i n  the f r o n t  outboard 
sea t ing  pos i t i ons ,  w i t h  the same i n j u r y  c r i t e r i a  as the passive system; 
o r  (2) conform t o  the updated requirements proposed i n  the no t  ices o f  
proposed amendment t o  Motor Vehic le  Safety Standards No. 201 and 203 (35 
F . R .  14936, 35 F.R.  14940) . 

The t h i r d  op t i on  would be an improved combination o f  lap-and- 
shoulder b e l t  system i n  the f r o n t  outboard sea t ing  pos i t i ons ,  w i t h  lap  
b e l t s  i n  o ther  pos i t i ons .  The f r o n t  outboard systems would be tested by 
a  30-m.p.h. crash i n  which b e l t  systems, used w i t h  t e s t  dummies, would 
be requ i red  t o  remain i n t a c t ,  

Several comments were rece ived concerning the  i n j u r y  c r i t e r i a  
s p e c i f i e d  f o r  pass ive systems. Most commentors f e l t  t h a t  the  f o r ce  and 
pressure measurements s p e c i f i e d  were beyond the s t a t e  o f  the a r t .  I t  
has been determined t h a t  an adequate measurement o f  i n j u r y  can be made 
i n  terms o f  head acce le ra t ion ,  chest acce le ra t ion ,  and the  f o r ce  
t ransmi t ted  through each femur, and values f o r  each o f  these i n j u r y  
c r i t e r i a  a re  s p e c i f i e d  i n  t h i s  no t i ce .  

53.1 F i r s t  opt ion--passive p r o t e c t i o n  system. When the veh i c l e  
perpend icu la r l y  impacts a  f i x e d  c o l l i s i o n  b a r r i e r ,  w h i l e  moving 
l o n g i t u d i n a l l y  forward a t  any speed up t o  30 m.p.h., i t  s h a l l  meet the 
i n j u r y  c r i t e r i a  o f  S 5 ,  under the t e s t  cond i t i ons  o f  54 us ing 
unres t ra ined  anthropomorphic t e s t  devices,  by means t h a t  r equ i r e  no 
a c t i o n  by v e h i c l e  occupants. 

S3.2 Second opt ion--combinat ion system. The v e h i c i e  sha l l - -  . . .  
(d) Meet e i t he r - -  

(1) The i n j u r y  c r i t e r i a  o f  55, under the t e s t  cond i t i ons  o f  54 
w i t h  anthropomorphic t e s t  devices a t  each f r o n t  outboard p o s i t i o n  
r es t r a i ned  on ly  by Type 1 seat b e l t  assemblies, when the v e h i c l e  
perpend icu la r l y  impacts a  f i x e d  c o l l i s i o n  b a r r i e r  w h i l e  moving 
l o n g i t u d i n a l l y  forward a t  any speed up t o  30 m.p.h.; or 

(2) The requirements proposed, as an amendment t o  Standard No. 201 
(35 F . R .  14936) f o r  the  windshie ld  header, the A - p i l l a r ,  and Zones 1 ,  2, 
3, and 4; and the requirements proposed, as an amendment t o  Standard 
No. 203 (35 F.R.  14940) f o r  the s t ee r i ng  con t ro l  assembly. 



53.3 Third option--belt system. The vehicle shall-- 

(a) Except in convert i bt es and open-body type vehicles, have a 
Type 2 seat belt assembly, with either an integral or detachable upper 
torso portion, at each front outboard seating position, that conforms to 
Standard No. 209 and S3.4 and S3.5 of this standard; 

(b) Have a seat belt warning system at each front outboard seating 
position that conforms to 53.6; 

(c) Have either a Type 1 or a Type 2 seat be1 t assembly that 
conforms to 53.4 and 53.5 at all designated seating positions, and other 
than those spec i f i ed in S3.3 (a) ; and 

(d) When the vehicle perpendicularly impacts a fixed coll ision 
barrier, while moving longitudinally forward at any speed up to 30 
m.p.h., under the test conditions of 54 with anthropomorphic test 
devices at each front outboard position restrained by Type 2 seat belt 
assemblies, experience no complete separation of any element of a seat 
belt assembly. 

[I51 35 FR 14940, September 25, 1970. 
FMVSS 203, proposal; Docket 2-3, Notice 2. 
Impact Protection for Driver from Steering Control System 

The purpose of this notice is to propose several amendments to 
strengthen the standard. 

The total stress placed on the driver's body in an impact with the 
steering assembly is the sum of several factors: the total force 
imposed, the surface area over which the force is distributed, and the 
contour of the impacted steering assembly surface. The lower the force, 
the larger the surface, and the smoother the contours, the greater the 
protection afforded the driver. This notice proposes to deal with each 
of these factors. 

The existing Standard No. 203 specifies a maximum allowable force 
of 2,500 pounds on a body block impacted at 15 miles per hour. The 
increasing amount of knowledge about thoracic injury threshold levels 
suggests that the allowable forces should be reduced. Accordingly it is 
proposed to reduce maximum permi ss i bl e force on the body block to 1 ,800 
pounds at an impact velocity of 20 m.p.h. 

There is presently no minimum requirement for the effective surface 
area of a steering assembly. It is proposed to require the area of the 
steering assembly in contact with the body block on impact to be at 
least 40 square inches. Given the present technological difficulties of 
pressure measurement during impacts, this appears to be the most 
feasible method of insuring survivable pressure levels on the driver's 
body. To complement the surface area requirement, the notice also 
proposes to require padding over the steering wheel hub. 



The dynamic contours of the steering assembly are specified in 
three ways. During impact, the body block may contact no rigid surface 
edge with a radius of less than one-fourth on an inch. The assembly may 
not fracture or fall apart in such a way as to produce an edge or point 
capable of causing injury. Finally, the steering wheel rim must pivot 
or flex to allow the body block to contact the wheel across its full 
diameter well before the maximum allowable load is attained. Each of 
these requirements is intended to reduce the possibility of chest 
injuries attributable to fractured or protruding components. 
. . a  

54. Requirements. When a vehicle is tested in accordance with 55, 
its steering control system shall meet the following requirements with 
the steering wheel at any position of rotation. 

54.1 When a steering control system is impacted at 20 m.p.h. in 
accordance with 55.1-- 

(a) The resultant force imposed on the body block shall not exceed 
1 ,800 pounds ; 

(b) The body block shall not contact any rigid material edge 
having a radius of less than one-fourth of an inch; and 

( c )  The rim, spokes, hub, and hub pad of the steering wheel shall 
not disengage from the steering column or from each other and shall be 
free of sharp points or edges that could contribute to occupant injury. 

54.2 A steering control system in which the angle of the steering 
column segment, nearest the driver is not more than 45 degrees from the 
horizontal shall meet the following requirements in addition to those of 
54.1: 

8 

(a) The wheel hub shal l be covered wi th a pad having a thickness 
at all points of at least 1 inch, consisting of force distributing 
material that, when tested in accordance with S5.2, compresses by an 
amount within the acceptable range shown in Figure I and recovers at a 
rate of not more than 4.4 feet per second. 

(b) When impacted in accordance with 55.1 at 20 rn.p.h. the area of 
contact of the steering wheel rim and hub pad with the body block shall 
be not less' than 40 square i nches. 

(c) When impacted in accordance wi th 55.1 at 20 m.p.h. the area of 
contact of the steering wheel rim with the body block as the resultant 
force on the body block reaches 1,200 pounds shall include the uppermost 
and lowermost points of the rim face. 

[I61 35 F R  16801, October 30, 1970. 
FMVSS 214, rule; Docket 2-6, Notice 3. 
Side Door Strength 



The proposal  r e q u i r e d  a  door t o  p r o v i d e  an average crush r e s i s t a n c e  
o f  2,500 pounds dur i ng t h e  f i r s t  6 i nches o f  crush. One comment s t a t e d  
t h a t  e q u i v a l e n t  p r o t e c t i o n  can be p rov ided  by s t r u c t u r e s  f u r t h e r  t o  the  
i n t e r i o r  o f  t h e  door and t h a t  t h e  proper measure o f  p r o t e c t i o n  i s  t h e  
f o r c e  needed t o  d e f l e c t  t h e  inner door panel r a t h e r  than t h a t  needed t o  
d e f l e c t  t he  o the r  panel .  Al though inboard mounted s t r u c t u r e s  may be 
e f f e c t i v e  i n  p reven t ing  i n t r u s i o n  i f  the  door has a  l a r g e  cross  sec t i on ,  
w i t h  a  cor respond ing ly  l a r g e  d i s t a n c e  between the p r o t e c t i v e  s t r u c t u r e  
and t h e  inner  panel, t he  standard as issued r e f l e c t s  t h e  de te rm ina t ion  
t h a t  doors a f f o r d  t h e  g r e a t e s t  p r o t e c t i o n  i f  the  c rush r e s i s t i n g  
elements a r e  as c l o s e  t o  t h e  ou te r  panel as poss ib le .  I t  f o l l o w s  from 
t h i s  de te rm ina t ion  t h a t  t h e  su r face  whose crush i s  t o  be measured must 
be the  ou te r  panel r a t h e r  than the  inner one. The va lue  s p e c i f i e d  f o r  
t he  i n i t i a l  c rush r e s i s t a n c e  has, however, been reduced from 2,500 
poc~nds t o  2,250 pounds, a  v a l u e  t h a t  has been determined t o  be more 
approp r ia te ,  p a r t i c u l a r l y  f o r  l i g h t e r  v e h i c l e s .  

The comments revea led  a  cons ide rab le  d i f f e r e n c e  o f  o p i n i o n  
concern ing t h e  va lue  and v a l i d i t y  o f  t he  concept o f  "equ iva len t  c rush 
res i s tance . "  The e q u i v a l e n t  c rush r e s i s t a n c e  was t o  be de r i ved  by 
adding 1/4 (3000-W) t o  the  average f o r c e  r e q u i r e d  t o  c rush the  door 12 
inches. I t  had been thought  t h a t  t h e  r e s u l t i n g  b i a s  aga ins t  heav ier  
v e h i c l e s  was necessary i n  t h a t  t h e i r  g rea te r  mass would cause them t o  
move sideways less  i n  a  c o l l i s i o n  than l i g h t  v e h i c l e s ,  w i t h  more o f  t h e  
impact ing  f o r c e  be ing  absorbed by t h e  door. Recent s tud ies ,  however, 
show t h a t  occupants o f  heav ier  v e h i c l e s  invo lved i n  s i d e  c o l l i s i o n s  
g e n e r a l l y  s u f f e r  a lower p r o p o r t i o n  o f  se r ious  i n j u r i e s  and f a t a l i t i e s  
than persons i n  l i g h t e r  v e h i c l e s .  I n  l i g h t  o f  these s t u d i e s  and o t h e r  
i n fo rma t ion ,  t h e  standard r e t a i n s ,  t h e  b a s i c  c rush r e s i s t a n c e  
requirement,  b u t  d e l e t e s  the  we ight  c o r r e c t i o n  f a c t o r .  S ince i t  i s  no 
longer a p p r o p r i a t e  t o  use t h e  term "equ iva len t  c rush res i s tance , ' '  i n  i t s  
p l a c e  the  standard employs the  phrase " i n te rmed ia te  c rush  res i s tance . "  
The s l i g h t l y  lower f i g u r e  o f  3,500 pounds has been s u b s t i t u t e d  f o r  the  
3,750 pound f o r c e  proposed i n  the  n o t i c e .  The e f f e c t  o f  t h e  change i s  
t o  increase s l i g h t l y  t h e  c rush r e s i s t a n c e  r e q u i r e d  f o r  v e h i c l e s  hav ing 
curb  we ight  l e s s  than 1,800 pounds, and t o  decrease i t  s l  i g h t l y  f o r  
vet1 i c  1 es we igh ing more than 1,800 pounds. 

S i m i l a r  reasoning l i e s  beh ind a  change i n  the  requirement f o r  peak 
cr t lsh r e s  i stance.  The ava i 1 ab 1 e  i nformat i o n  does n o t  suppor t  a  peak 
crush requirement t h a t  increases i n d e f i n i t e l y  w i t h  i nc reas ing  v e h i c l e  
cu rb  we ight .  The standard t h e r e f o r e  se ts  a  c e i l i n g  o f  7,000 pounds t o  
the  requirement t h a t  t he  door have a  peak crush r e s i s t a n c e  o f  tw ice  the  
v e t i i c l e ' s  curb  we ight .  I n  e f f e c t ,  t h e  requirement i s  unchanged from t h e  
proposal  f o r  v e h i c l e s  weighing l e s s  than 3,500 pounds and i s  d imin ished 
f o r  v e h i c l e s  exceeding t h a t  weight .  

S 1 .  Purpose and scope. T h i s  standard s p e c i f i e s  s t r e n g t h  
requirements f o r  s i d e o o r s  o f  a  motor v e h i c l e  t o  min imize the  s a f e t y  
hazard caused by i n t r u s i o n  i n t o  t h e  passenger compartment i n  a  s i d e  
impact acc iden t .  



52. A p p l i c a t i o n .  T h i s  s tandard  a p p l i e s  t o  passenger cars .  

53. Requirements. Each v e h i c l e  s h a l l  be a b l e  t o  meet the  
f o l l o w i n g  requ i rements  when any o f  i t s  s i d e  doors t h a t  can be used f o r  
occupant egress a r e  t e s t e d  accord ing t o  54. 

53.1 I n i t i a l  c rush  r e s i s t a n c e .  The i n i t i a l  c rush  r e s i s t a n c e  s h a l l  
be n o t  l e s s  than 2,250 pounds. 

S3.2 In te rmed ia te  c rush  r e s i s t a n c e .  The in te rmed ia te  c rush 
r e s i s t a n c e  s h a l l  n o t  be l e s s  than 3,500 pounds. 

53.3 Peak crush r e s i s t a n c e .  The peak c rush  r e s i s t a n c e  s h a l l  be 
n o t  l e s s  than  two t imes t h e  cu rb  we igh t  o f  t he  v e h i c l e  o r  7,000 pounds, 
whichever i s  less .  
. . .  

( f )  Determine t h e  i n i t i a l  c rush  r e s i s t a n c e ,  i n t e r m e d i a t e  c rush 
res i s tance ,  and peak crush r e s i s t a n c e  as f o l l o w s :  

(1) From t h e  r e s u l t s  recorded i n  subparagraph (e) o f  t h i s  
paragraph, p l o t  a  cu rve  o f  load versus displacement and o b t a i n  t h e  
i n t e g r a l  o f  t he  a p p l i e d  l oad  w i t h  respec t  t o  t h e  c rush d i s t a n c e s  
s p e c i f i e d  i n  s u b d i v i s i o n s  (2) and (3) o f  t h i s  paragraph. These 
q u a n t i t i e s ,  expressed i n  inch-pounds and d i v i d e d  by t h e  s p e c i f i e d  c rush 
d i s tances ,  rep resen t  t h e  average f o r c e s  i n  pounds r e q u i r e d  t o  d e f l e c t  
t he  door those d i s tances .  

( 2 )  The i n i t i a l  c rush r e s i s t a n c e  i s  t h e  average f o r c e  r e q u i r e d  t o  
deform t h e  door over t h e  i n i  t i  a1 6 inches o f  crush.  

(3) The i n t e r m e d i a t e  c rush  r e s i s t a n c e  i s  t h e  average f o r c e  
r e q u i r e d  t o  deform t h e  door over  t h e  i n i t i a l  12 inches o f  c rush.  

(4) The peak c rush  r e s i s t a n c e  i s  t h e  l a r g e s t  f o r c e  recorded over 
t h e  e n t i r e  18-inch c rush  d i s t a n c e .  

[ I  71 35 F R  16927, November 3, 1970. 
FMVSS 208, r u l e ;  Docket 69-7, N o t i c e  7 .  
Occupant Crash P r o t e c t  i o n  

The purpose o f  t h i s  amendment t o  Standard 208 i s  t o  s p e c i f y  
occupant c rash  p r o t e c t i o n  requ i rements  f o r  passenger cars ,  mu l t i pu rpose  
passenger v e h i c l e s ,  t r u c k s ,  and buses, manufactured on o r  a f t e r  J u l y  1 ,  
1973, w i t h  a d d i t i o n a l  requ i rements  coming i n t o  e f f e c t  f o r  c e r t a i n  o f  
those v e h i c l e s  manufactured on o r  a f t e r  J u l y  1,  1974. 

That  n o t i c e  a l s o  proposes a  minimum v e h i c l e  speed o f  15 m i l e s  per 
hour f o r  deployment o f  crash-deployed systems. 



The n o t i c e  o f  proposed ru lemaking pub l i shed  on September 25, 1970 
35 F.R. 14941) , proposed i n j u r y  c r i t e r i a  t h a t  a r e  m o d i f i e d  f rom the  May 

n o t i c e .  These c r i t e r i a  would l i m i t  head a c c e l e r a t i o n s  t o 6 7 9  except  
f o r  cumu la t i ve  pe r iods  o f  3 m i l l i s e c o n d s  w i t h  a  maximum o f  909, l i m i t  
ches t  a c c e l e r a t i o n s  t o  409 except f o r  cumula t ive  pe r iods  o f  2 
m i l l i s e c o n d s ,  and l i m i t  t h e  a x i a l  f o r c e  through each upper l e g  t o  1,400 
pounds. Comments t o  t h e  May 7 and t h e  September 25 n o t i c e s  v a r i e d  
w i d e l y  i n  t h e i r  recommendations. Some advocated the  use o f  s e v e r i t y  
i nd i ces ,  w h i l e  o t h e r s  d i s r u p t e d  t h e  methods o r  t h e  q u a n t i t a t i v e  l e v e l s  
o f  t h e  i nd i ces .  The l e v e l s  proposed i n  t h e  September 25 n o t i c e  a r e  
adopted i n  t h i s  standard, w i  t h  t h e  head a c c e l e r a t i o n  changed from 679 t o  
709, as t h e  b e s t  a v a i l a b l e  c r i t e r i a  f o r  t he  q u a n t i t i e s  measured. 
Cons ide ra t i on  w i l l  be g i v e n  t o  adop t ion  o f  a  s e v e r i t y  index o r  o t h e r  
c r i t e r i a  as f u r t h e r  research r e s u l t s  become known. Research r e s u l t s  and 
comments r e l a t e d  t o  t h e  problem i n d i c a t e ,  however, t h a t  human to lerances 
f o r  l a t e r a l  a c c e l e r a t i o n s  on t h e  head and chest  a r e  s i g n i f i c a n t l y  lower 
than f o r  fo rward  ones, and t h e  separate n o t i c e  issued today (35 F.R. 
16937) proposes a d d i t i o n a l  i n j u r y  c r  i t e r  i a  w i t h  respec t  t o  the  l a t e r a l  
component o f  head and ches t  a c c e l e r a t i o n s .  

Several  o f  t h e  i n j u r y  c r i t e r i a  proposed i n  the  May 7 n o t i c e  have 
been o m i t t e d  f rom the  standard.  The f o r c e s  and pressures on the  chest ,  
abdominal, and p e l v i c  reg ions  were p r i m a r i l y  r e l a t e d  t o  the  performance 
o f  b e l t - t y p e  systems, and i t  has been found t h a t  no accura te  means o f  
de te rm in ing  these va lues p r e s e n t l y  e x i s t s .  They a r e  n o t  considered as 
c r i t i c a l  as the  a c c e l e r a t i o n  va lues t h a t  a r e  s p e c i f i e d  i n  t h e  standard,  
andl, as recommended by many o f  t he  comments, they have been omi t ted .  

The f a c t  t h a t  some i n j u r y  c r i t e r i a ,  such as f o r c e  and pressure,  
cannot be a c c u r a t e l y  measured by anthropomorphic t e s t  devices suggests 
thait a l t e r n a t e  steps must be taken t o  i n s u r e  t h a t  these c r i t e r i a  a r e  
kep t  t o  t o l e r a b l e  l e v e l s .  

On c o n s i d e r a t i o n  o f  a l l  a v a i l a b l e  data,  i t  has been determined t h a t  
dun~mies conforming t o  t h e  S A E  s p e c i f i c a t i o n s  a r e  t h e  most complete and 
s a t . i s f a c t o r y  ones p r e s e n t l y  a v a i l a b l e .  More complete s p e c i f i c a t i o n s  
have been added f o r  t h e  c o n f i g u r a t i o n  o f  t h e  p e l v i s ,  t he  p o s i t i o n i n g  o f  
t h e  dummies i n  t h e  v e h i c l e ,  and the  i ns t rumen ta t i on  techniques.  The 
p o s i t i o n i n g  o f  i n s t r u m e n t a t i o n  w i t h i n  t h e  dummies i s  s p e c i f i e d  t o  i n s u r e  
more c o n s i s t e n t  and repea tab le  r e s u l t s .  A requirement t h a t  a c c e l e r a t i o n  
da ta  be f i l t e r e d  t o  exclude f requenc ies  h ighe r  ttian 250 cyc les  per 
second has been added, i n  response t o  severa l  comments, t o  e l i m i n a t e  
sharp sp ikes  due t o  e l e c t r o n i c  no i se  and dummy resonance t h a t  a r e  n o t  
cons idered s i g n i f i c a n t  w i t h  respect  t o  i n j u r y .  

The p o s i t i o n  o f  a d j u s t a b l e  seats has been se t  midway between t h e  
forwardmost and rearmost  p o s i t i o n s ,  t o  p r o v i d e  a  more r e a l i s t i c  t e s t  
than the  proposed one w i t h  the  seat  f u l l y  forward.  For t h e  same reason, 
and t o  assess more a c c u r a t e l y  t h e  v e h i c l e ' s  p r o t e c t i o n  performance, i t  
i s  s p e c i f i e d  t h a t  t h e  doors s h a l l  be unlocked f o r  a l l  t e s t s ,  and 
a d j u s t a b l e  s t e e r i n g  c o n t r o l s  s h a l l  be p laced i n  t h e  cen te r  o f  t he  
d r i v i n g  adjustment range; these aspects were n o t  covered i n  the  
proposa 1 . 



55.3 The resultant acceleration at the center of gravity of the 
upper thorax shall not exceed 409 for a cumulative duration of more than 
2 mi 1 1 i seconds. [Cr i ter i a for the 1 atera 1 component of upper thorax 
acceleration are proposed in a separate notice pub1 ished today (35 F.R. 
16937) *I  

[I81 35 F R  16937, November 3, 1970. 
FMVSS 208, proposal; Docket 69-7, Notice 8. 
Occupant Crash Protection 

The purpose of this notice is to propose amendments to the revised 
Motor Vehicle Safety Standard No. 208, Occupant Crash Protect ion, issued 
today (35 F.R. 16926), that would add additional injury criteria for 
lateral acceleration of the head and chest, specify test conditions for 
the lateral moving barrier crash test and the rollover test, omit the 
exception of openbody type vehicles from the rollover requirement that 
was proposed in the notice of May 7, 1970 (35 F . R .  7187), and establish 
a minimum vehicle speed for actuation of crash-deployed protection 
systems. 

The standard as issued provides . . . that the resultant chest 
accelerations shall be not more than 409, except for a cumulative 
duration of 2 milliseconds. 

Biomechanical studies indicate that the lateral acceleration 
tolerance of the head and chest are significantly less than the frontal 
acceleration tolerance. It is accordingly proposed that in addition to 
the criteria described above for the resultant accelerations, a 
requirement be added . . . limiting the lateral component of chest 
accelerations to 209, pxcept for a cumulative period of 2 milliseconds. 

A moving barrier test is proposed in place of the fixed barrier 
collision. The moving barrier speed is set at 20 m.p.h., a speed 
calculated to approximate the impact of a 15-mile-per-hour fixed barrier 
impact, or a 30-mile-per-hour car-to-car collision. 

This notice proposes a procedure for rollover testing whereby the 
vehicle is launched transversely with a specified deceleration pulse 
from a raised carriage-type platform onto a concrete surface. 

To avoid variable results from collisions between dummies, the 
standard provides that dummies are to be positioned only in the outboard 
positions on the side of the impact, for the lateral impact test, and 
only in the outboard positions on the lower side of the vehicles as 
mounted on the test platform, for the rollover test. 
9 1 .  



A f i n a l  proposed amendment concerns t h e  minimum v e h i c l e  speed f o r  
deployment o f  crash-deployed systems. Comments on t h e  May 7 n o t i c e  and 
o t h e r  i n f o r m a t i o n  i n d i c a t e  t h a t  f i x e d  energy-absorp t ion  m a t e r i a l s  a r e  
capable o f  meet ing t h e  occupant p r o t e c t i o n  requirements a t  low speeds. 
I t  i s  t h e r e f o r e  proposed t o  r a i s e  t h e  minimum deployment speed f o r  
crash-deployed systems t o  15 m i l e s  per hour. I t  i s  proposed t o  r e t a i n  
the  requirement t h a t  t he  minimum deployment speed be a p p l i c a b l e  a t  any 
ang le  o f  impact, s i n c e  p r e s e n t l y  a v a i l a b l e  sensors can p r o v i d e  t h e  
necessary d i r e c t i o n a l - v e l o c i t y  d i s c r i m i n a t i o n ,  and i t  i s  impor tant  t h a t  
crash-deployed systems do n o t  dep loy  except i n  c rash s i t u a t i o n s  f o r  
which they a r e  designed. 

[ l g ]  36 F R  2815, February 10, 1971. 
FMVSS 208, n o t  i ce .  
Occupant Crash P r o t e c t i o n ,  N o t i c e  o f  1972 Requirements 

T h i s  n o t i c e  i s  issued as advance p u b l i c  i n fo rma t ion ,  f o r  t he  
purpose o f  in forming motor v e h i c l e  manufacturers o f  t he  main h i g h l i g h t s  
o f  t h e  Occupant Crash P r o t e c t i o n  s tandard  (No. 208) t h a t  w i  1 1  apply t o  
passenger ca rs  beg inn ing January 1,  1972, t o  enable them t o  i n i t i a t e  
p r e p a r a t i o n  f o r  p r o d u c t i o n  w i t h  minimum l o s s  o f  t he  remain ing leadt ime. 
The f e a t u r e s  o f  t h e  standard s e t  f o r t h  h e r e i n  rep resen t  f i n a l  dec i s ions  
w i t h  respec t  t o  the  standard,  which i s  p r e s e n t l y  be ing  prepared f o r  
issuance i n  the  near f u t u r e .  

Passenger cars,  a t  each des ignated s e a t i n g  p o s i t i o n ,  must meet a t  
l e a s t  one o f  t h r e e  s e t s  o f  requ i rements ,  o r  o p t i o n s ,  as f o l l o w s :  

F i r s t  Option--Complete Passive P r o t e c t i o n  System 

1 .  The v e h i c l e  s h a l l  p r o v i d e  pass ive  p r o t e c t i o n  i n  f r o n t a l  f i x e d  
b a r r i e r  c rash  t e s t s  up t o  30 m.p.h., and up t o  30 degrees t o  e i t h e r  s i d e  
o f  t he  pe rpend icu la r ,  and i n  l a t e r a l  and r o l l o v e r  c rash t e s t s .  Seat 
b e \ t s  a r e  n o t  requ i red ,  and except  f o r  t h e  comple te ly  pass i ve  t ype  b e l t  
system, may n o t  be used f o r  t e s t i n g .  

2. The t e s t  dummy i s  as descr ibed i n  S A E  J963, w i t h  
i ns t rumen ta t i on  as desc r ibed  i n  S A E  J211. 

3. The i n j u r y  c r i t e r i a  a r e  (a) a maximum head s e v e r i t y  index o f  
1,000, c a l c u l a t e d  accord ing t o  S A E  J885a, (b) a maximum chest  
a c c e l e r a t i o n  o f  609, except  f o r  pe r iods  w i t h  cumu la t i ve  d u r a t i o n  o f  n o t  
more than 3 m i l l i seconds ,  and (c) a maximum upper l e g  f o r c e  o f  1,400 

pounds. 

Second Option--Lap B e l t  P r o t e c t i o n  System w i t h  B e l t  Warning 

4. For f r o n t  outboard seats ,  the  v e h i c l e s  s h a l l  meet a 
pe rpend icu la r  30 m.p.h. f i x e d  b a r r i e r  c rash t e s t  w i t h  instrumented t e s t  
dummies and i n j u r y  c r i t e r i a  as desc r ibed  i n  the  f i r s t  o p t i o n ,  b u t  w i t h  
the  dummies lap-be l ted .  No shoulder b e l t  i s  requ i red ,  and even i f  
f u r n i s h e d  i s  n o t  used f o r  t e s t i n g  under t h i s  o p t i o n .  



T h i r d  Option--Lap and Shoulder B e l t  P ro tec t i on  System w i t h  
' B e l t  Warning 

1. The v e h i c l e  s h a l l  prov ide a  l a p  and shoulder b e l t  assembly f o r  
t he  f r o n t  outboard seats, and l ap  b e l t s  a t  the other seat ing pos i t i ons .  

2. A b e l t  warning system as descr ibed above i s  requ i red  f o r  the 
l ap -be l t  po r t i ons  o f  the f r o n t  outboard sea t ing  pos i t i ons .  Requirements 
f o r  l ap -be l t  r e t r a c t o r s ,  method o f  re lease, and f o r  ranges o f  adjustment 
a re  the same as i n  the  second op t ion .  

3 .  The lap  and shoulder b e l t s  i n  the f r o n t  outboard p o s i t i o n s  are 
tes ted  w i t h  dummies i n  a  perpendicular 30-m.p.h. f i x e d  b a r r i e r  crash, 
w i t h  the requirement t h a t  there be no s t r u c t u r a l  f a i l u r e s  o f  the  
r e s t r a i n t  system. 

[20] 36 F R  4600, March 10, 1971. 
FMVSS 208, r u l e ;  Docket 69-7, No t i ce  9. 
Occupant Crash P ro tec t i on  

The purpose o f  t h i s  amendment t o  Standard No. 208, 49 C F R  571.21, 
i s  t o  spec i f y  occupant crash p r o t e c t i o n  requirements f o r  passenger cars,  
mul t ipurpose passenger veh ic les ,  t rucks,  and buses manufactured on or  
a f t e r  January 1 ,  1972, w i t h  add i t i ona l  requirements coming i n t o  e f f e c t  
f o r  c e r t a i n  o f  those veh i c l es  on August 15, 1973, August 15, 1975, and 
August 15, 1977. The requirements e f f e c t i v e  f o r  the per iod  beginning on 
January 1 ,  1972, were the sub jec t  o f  a  n o t i c e  o f  proposed rulemaking 
pub 1 i  shed September 25, 1970 (35 F . R .  14941) , and appear today f o r  the 
f i r s t  t ime i n  the form of a r u l e .  The requirements f o r  subsequent 
per iods were issued i n  r u l e  form on November 3, 1970 (35 F.R. 16927), 
and a re  re issued today i n  amended form as the r e s u l t  o f  p e t i t i o n s  f o r  
recons i dera t i on. 

The standard es tab l i shes  q u a n t i t a t i v e  c r i t e r i a  f o r  occupant i n j u r y ,  
as determined by use o f  anthropomorphic t e s t  devices . . . For the 
upper thorax, i t  i s  a  dece le ra t ion  o f  6Og except f o r  a  cumulat ive per iod  
o f  no t  more than 3 m i l l i seconds .  

On January 1,  1972, a  passenger car w i l l  be requi red t o  prov ide one 
o f  three opt ions f o r  occupant p ro tec t i on :  (1) Passive p r o t e c t i o n  system 
t h a t  meets the above i n j u r y  c r i t e r i a  i n  a l l  impact modes a t  a l l  seat ing 
pos i t i ons ;  ( 2 )  lap b e l t s  a t  a l l  pos i t i ons ,  w i t h  a  requirement t h a t  the 
f r o n t  outboard p o s i t i o n s  meet the i n j u r y  c r i t e r i a  w i t h  lap-be l ted 
dummies i n  a  30-m.p.h. b a r r i e r  crash w i thou t  b e l t  o r  anchorage f a i l u r e ,  
and lap b e l t s  i n  o ther  pos i t i ons .  
. . . 



On August 15, 1973, a  passenger car w i l l  be requ i red  t o  prov ide one 
o f  t w o o p t i o n s f o r  occupant p ro tec t ion :  (1) Passive p r o t e c t i o n  t h a t  
meets the  i n j u r y  c r i t e r i a  i n  a l l  impact modes a t  a l l  sea t ing  pos i t i ons ;  
o r  (2) a  system t h a t  provides passive p r o t e c t i o n  f o r  the f r o n t  pos i t i ons  
i n  a  perpendicular f r o n t a l  f i x e d  b a r r i e r  crash, t h a t  includes lap  b e l t s  
a t  a l l  seat ing pos i t i ons  such t h a t  the i n j u r y  c r i t e r i a  a re  met a t  the  
f r o n t  pos i t i ons  both w i t h  and w i thou t  l ap  b e l t s  fastened i n  a  
perpendicular f r o n t a l  f i x e d  b a r r i e r  crash, and t h a t  has a  seat b e l t  
warning system a t  the f r o n t  outboard pos i t i ons .  . . .  

On and a f t e r  August 15, 1975, a  passenger car w i l l  be requi red t o  
meet the i n j u r y  c r i t e r i a  i n  a l l  impact modes a t  a l l  sea t ing  pos i t i ons  by 
passive means. . . .  
The t h i r d  op t i on  proposed i n  the September 25 n o t i c e  has been adopted 
w i t h  some changes. I t  cons is ts  o f  an improved combination o f  l ap  and 
shoulder b e l t s  i n  the f r o n t  outboard sea t ing  pos i t i ons ,  w i t h  lap  b e l t s  
i n  o ther  pos i t i ons .  The b e l t s  and anchorages a t  the  f r o n t  outboard 
p o s i t i o n s  must be capable o f  r e s t r a i n i n g  a  dummy i n  a  30-m.p.h. f r o n t a l  
perpendicular impact w i thou t  separat ion o f  the b e l t s  or  t h e i r  
anchorages . 

The date on which a  passenger car must p rov ide  passive means o f  
meeting the i n j u r y  c r i t e r i a  i n  a  s ide  impact i s  changed t o  August 15, 
1975, t o  r e f l e c t  the greater  leadt ime needed t o  develop such passive 
systems. To prov ide un i form phasing, and a l low t ime f o r  development o f  
passive p ro tec t i on  i n  the angular-impact and r o l l o v e r  modes, the 
e f f e c t i v e  dates f o r  these requirements i s  a l so  set  a t  August 15, 1975. 
Thus, a f t e r  August 15, 1975, each passenger car.must meet the crash 
p r o t e c t i o n  requirements a t  each seat ing p o s i t i o n  i n  a l l  impact modes by 
mealns t h a t  r equ i r e  no a c t i o n  by v e h i c l e  occupants. . . . 

A number o f  p e t i t i o n s  ob jected t o  the requirement f o r  a  minimum 
speed below which a crash-developed system may no t  deploy. Upon 
co r~s ide ra t i on  o f  the p e t i t i o n ,  i t  has been determined t h a t  i t  i s  
p re fe rab le  t o  a l low manufacturers freedom i n  the design o f  t h e i r  
p r c ~ t e c t i v e  systems a t  a l l  speeds, and t h i s  requirement i s  hereby de le ted 
from the standard, 

The i n j u r y  c r i t e r i a  spec i f i ed  i n  the November 3 amendment were the 
sub jec t  o f  numerous p e t i t i o n s .  

The seve r i t y  index i s  based on biomechanical data der ived from head 
i n j u r y  s tud ies  and does no t  adapt i t s e l f  r e a d i l y  t o  ches t - i n j u r y  usage. 
Several p e t i t i o n s  s t a ted  t h a t  the chest i n j u r y  c r i t e r i a  were set  a t  too 
low a  l e v e l .  I n  some respects,  a  higher "g - leve l "  on the  chest a c t u a l l y  
increases the p r o t e c t i v e  c a p a b i l i t i e s  o f  the system, i f  p roper l y  
designed, s ince i t  more e f f e c t i v e l y  u t i l i z e s  the a v a i l a b l e  space i n  
which the occupant can " r i d e  down" the crash impact--an espec ia l l y  



important factor in higher-speed crashes. Therefore, in accordance with 
data currently avai lable, a chest tolerance level of 609, except for a 
cumulative period of 3 milliseconds, is hereby adopted. . . .  

The use of the anthropomorphic test device described in SAE J963 
was objected to by several petitioners, on the grounds that further 
specifications are needed to ensure repeatability of test results. The 
Administration finds no sufficient reason to alter its conclusion that 
the SAE specification is the best available. The NHTSA is sponsoring 
further research and examining all available data, however, with a view 
to issuance of further specifications for these devices. 

[211 36 FR  19254, October 1, 1971. 
FMVSS 208, rule; Docket 69-7, Notice 12. 
Occupant Crash Protection 

The purpose of this notice is to respond to petitions filed 
pursuant to Part 553.35 of Title 49, Code of Federal Regulations, 
requesting reconsideration of Motor Vehicle Safety Standard No. 208, 

. Occupant Crash Protection (49 CFR 571.21), published on March 10, 1971 
(36 F . R. 4600) . 

Several petitioners noted that the requirements for anthropomorphic 
test devices specified in the standard, mainly those set forth in SAE 
Recommended Practice J963, do not completely define all the 
characteristics of the dummies that may be relevant to their (and the 
vehicle's) performance in a crash test. The NHTSA considers the comment 
valid. It would actually be difficult, if not impossible, to describe 
the test dummy in performance terms with such specificity that every 
dummy that could be built to the specifications would perform 
identically under similar conditions. Of course, since the dummy is 
merely a test instrument and not an item of regulated equipment, it is 
not necessary to describe it in performance terms; its design could 
legally be "frozen" by detailed, blueprint-type drawings and complete 
equipment specifications. Such an action does not, however, appear to 
be desirable at this time. Considerable development work is in process 
under various auspices to refine the dynamic characteristics of 
anthropomorphic devices, to determine which designs are most 
practicable, offer the most useful results, and best simulate the 
critical characteristics of the human body. The NHTSA is monitoring 
this work (and sponsoring some of it), and intends to propose amendments 
of the standard in accordance with it to add more detailed performance 
and descriptive specifications for the test dummies, although no changes 
are being made in that respect by this notice, 

[ 2 2 ]  36 F R  19266, October 1 , 1971 . 
FMVSS 208, proposal; Docket 69-7, Notice 13. 
Occupant Crash Protection in Passenger Cars 

. . .  



I n  response t o  requests  by  severa l  manufacturers f o r  a de lay  i n  t h e  
da te  by which pass ive  p r o t e c t i o n  must be prov ided i n  passenger cars ,  f o r  
t h e  reasons discussed i n  t h e  n o t i c e  o f  a c t i o n  on t h e  p e t i t i o n s ,  i t  i s  
hereby proposed t h a t  a t h i r d  o p t i o n  be a1 lowed f o r  t h e  p e r i o d  f rom 
August 15, 1973, t o  August 15, 1975. . . .  

(7) A 1  1 be1 t s  would be r e q u i r e d  t o  conform t o  Standard No. 209; 
t h e  f r o n t  outboard b e l t s ,  whether l a p  b e l t s  o r  nondetachable l a p  and 
shoulder b e l t  combinat ions,  would have t o  meet the  i n j u r y  c r i t e r i a  o f  
t he  s tandard  when t e s t e d  w i t h  dummies i n  a 30-m.p.h. f r o n t a l  b a r r i e r  
crash;  and t h e  l a p  b e l t s  i n  t h e  f r o n t  cen te r  p o s i t i o n  ( i f  any) must 
remain i n t a c t  i n  the  same crash t e s t .  Al though a detachab le  shoulder 
b e l t  i s  n o t  p r o h i b i t e d  a t  t he  f r o n t  ou tboard  p o s i t i o n s ,  an assembly w i t h  
a detachab le  shoulder b e l t  would have t o  meet t h e  i n j u r y  c r i t e r i a  w i t h  
the  l a p  b e l t  alone. . . .  

S4.1.2 Passenaer cars manufactured from August 1L & August 

L, m* 

54.1.2.3 T h i r d  o p t i o n - - l a g  shoulder belt p r o t e c t i o n  system 
with i g n i t i o n  i n t e r l o c k  and b e l t  warninq. 

(d) A t  each f r o n t  ou tboard  des ignated s e a t i n g  p o s i t i o n  meet the  
f r o m t a l  c rash  p o s i t i o n  requirements o f  55.1, i n  a pe rpend icu la r  impact, 
w i t h  t h e  t e s t  dev i ce  r e s t r a i n e d  by a Type 1 seat  b e l t  assembly or  a Type 
2 seat  b e l t  assembly w i t h  a nondetachable upper t o r s o  p o r t i o n ;  and 

(e) When i t  p e r p e n d i c u l a r l y  impacts a f i x e d  c o l l i s i o n  b a r r i e r ,  
w h i l e  moving l o n g i t u d i n a l l y  fo rward  a t  any speed up t o  and i n c l u d i n g  30 
m.p.h., under the  t e s t  c o n d i t i o n s  o f  58.1, w i t h  an anthropomorphic t e s t  
dev i ce  a t  any f r o n t - c e n t e r  s e a t i n g  p o s i t i o n  r e s t r a i n e d  by a Type 1 o r  
Type 2 sea t  b e l t  assembly, exper ience no complete separa t i on  o f  any 
loa~d-bear ing  element o f  t h e  seat  b e l t  assembly o r  anchorage. 

[23] 36 F R  391 1 ,  February 24, 1972. 
FMVSS 208, r u l e ;  Docket 69-7, N o t i c e  16. 
Occupant Crash P r o t e c t i o n  

The purpose o f  t h i s  n o t i c e  i s  t o  amend Standard No. 208, Occupant 
Crash P r o t e c t i o n ,  as proposed September 29, 1971 (36 F.R.  19266, October 
1 ,  1971) w i t h  respec t  t o  the  occupant p r o t e c t i o n  o p t i o n s  a v a i l a b l e  
between August 15, 1975. The amendments proposed on September 29 a r e  
adopted e s s e n t i a l l y  as proposed, w i t h  minor m o d i f i c a t i o n s .  

The n o t i c e  proposed a t h i r d  occupant p r o t e c t i o n  o p t i o n  (S4.1.2.3) 
f o r  passenger cars  manuf.actured between August 15, 1973 and August 15, 
1975. The s a l i e n t  f e a t u r e  o f  t h e  new o p t i o n  was the use o f  seat  b e l t s  
equipped w i t h  an i g n i t i o n  system t h a t  would prevent  t h e  engine f rom 
s t a r t i n g  i f  any f r o n t  seat  occupant d i d  n o t  have h i s  b e l t  fastened.  The 



belts at the front outboard positions would have to meet the injury 
criteria of the standard in a 30-m,p.h. frontal barrier crash, and any 
lap belt in the center position would have to remain intact in the same 
crash. If shoulder belts were provided at the front positions, they 
would have to be nondetachable and have emergency locking retractors. . . .  

4. A new section 54.1.2.3 is added, reading as follows: 

54.1.2.3 Third option--lap and shoulder belt protection system 
with iqnition interlock and belt warning. 

(d) At each front outboard designated seating position, meet the 
frontal crash protection requirements of S5.1, in a perpendicular 
impact, with the test device restrained by a Type 1 seat belt assembly 
or a Type 2 seat belt assembly with a nondetachable upper torso portion; 
and 

(e) When it perpendicularly impacts a fixed collision barrier, 
while moving longitudinally forward at any speed up to and including 30 
m.p.h., under the test conditions of 53.1, with an anthropomorphic test 
device at any front center seating position restrained by a Type 1 or 
Type 2 seat belt assembly, experience no complete separation of any 
load-bearing element of the seat belt assembly or anchorage. 

[241 37 F R  13265, July 6 ,  1972. 
FMVSS 208, rule; Docket 69-7, Notice 20. 
Occupant Crash Protection 

The purpose of this notice is to respond to petitions for 
reconsideration of the seat belt interlock requirements of Motor Vehicle 
Safety Standard No. 208, Occupant Crash Protection, 49 C F R  571.208, as 
pub1 ished February 24, 1972 (37 F . R .  391 1) . The issues in the petitions 
relating to the applicability of the head injury criterion of 56.2 to 
seat belt systems have been answered in a notice published June 23, 1972 
(37 F . R .  12393). The remaining issues are discussed herein. 

The pet i t ions directed their strongest objections to the 
application of the injury criteria to belt systems. Partial relief has 
been granted to belt systems with respect to the head injury criterion. 
The chest and femur criteria, to which a lesser amount of criticism has 
been directed, are not considered to present the same level of 
difficulty for belt systems of current design as the head. 

However, it has been decided to make an interim adjustment of the 
chest injury criterion with respect to seat belts by applying to them a 
criterion using the severity index formerly applied to the head. The 
effect of this is to ease the requirement somewhat without permitting 
excessive long duration accelerations. A well designed belt system of 



the cu r ren t  types w i l l  be capable o f  meeting the rev ised  c r i t e r i o n .  I t  
i s  expected t h a t  improvements now i n  prospect w i l l  a l l ow b e l t  systems t o  
meet the  60g1s, 3 m i l l i second  c r i t e r i o n  i n  1975. . . . 

S6.3 The r e s u l t a n t  acce le ra t ion  a t  the center o f  g r a v i t y  o f  the 
upper thorax s h a l l  not  exceed 60g., except f o r  i n t e r v a l s  whose 
cumulat ive du ra t i on  i s  no t  more than 3 m i l l i seconds .  However, i n  the 
case o f  a  veh i c l e  manufactured before August 15, 1975, when the dummy i s  
r es t r a i ned  by seat b e l t  system, the r e s u l t a n t  acce le ra t ion  a t  the 
center o f  g r a v i t y  o f  the upper thorax s h a l l  not  exceed a  seve r i t y  index 
o f  1000, ca lcu la ted  by the method described i n  S A E  In format ion Report 
~ 8 8 5 a ,  October 1966. 

[25] 37 F R  2287 1 ,  October 26, 1972. 
FMVSS 208, r u l e ;  Docket 69-7,  Not ice 23. 
Occupant Crash P ro tec t i on  

The purpose o f  t h i s  n o t i c e  i s  t o  r e p l y  t o  p e t i t i o n s  f i l e d  pursuant 
t o  49 CFR 553-35 request ing recons idera t ion  o f  the requirements o f  Motor 
Vehic le  Safety  Standard No. 208 r e l a t i n g  t o  seat b e l t s  i n  veh ic les  
marrufactured a f t e r  August 15, 1973, as amended by Not ices 19 and 20 o f  
Doc:ket 69-7 (37 F.R. 12393; 37 F.R. 13265). 

1 .  Seat be1 t s  and the i n i u r y  c r i t e r i a  of 56. The pr imary 
obj ject ion ra ised  by p e t i t i o n e r s  i s  t h a t  Not ices l 9 ' and  20 d i d  no t  
a l toge ther  revoke the requirement t h a t  seat b e l t s  used t o  meet the 1973 
i n t e r l o c k  op t ion  must be capable o f  meeting the i n j u r y  c r i t e r i a  o f  S 6 .  
Although review o f  the p e t i t i o n s  suggests t h a t  add i t i ona l  mod i f i ca t i on  
o f  the head i n j u r y  c r i t e r i o n  i s  advisable,  the NHTSA dec l ines t o  grant  
p e t i t i o n e r s '  request f o r  complete r e l i e f  from the i n j u r y  c r i t e r i a .  

s 

Review o f  the p e t i t i o n s  f o r  recons iderat ion o f  Not ice 16 showed 
t h a t  b e l t s  would have d i f f i c u l t y  meeting the f u l l  c r i t e r i a .  Since 
leadt ime was i n s u f f i c i e n t  f o r  major design changes i n  b e l t s  before 1973, 
i t  was found necessary e i t h e r  t o  remove the i n j u r y  c r i t e r i a  or modify 
them so t h a t  the changes needed t o  enable b e l t s  t o  conform could be made 
i n  1973. 

Upon review, i t  was concluded t h a t  the i n j u r y  c r i t e r i a ,  even i n  
mod i f ied  form, would have the b e n e f i c i a l  e f f e c t '  o f  r egu la t i ng  the 
o v e r a l l  p ro tec t i on  c h a r a c t e r i s t i c s  o f  the occupant compartment and b e l t  
system. Regulat ion o f  the seat b e l t  as a  separate component, as i n  
Standard 209, does no t  insure t ha t  the b e l t  w i l l  be i n s t a l l e d  i n  a  
manner ca lcu la ted  t o  i nsu la te  the occupant from i n j u r i o u s  contact  w i t h  
the i n t e r i o r  o f  the veh i c l e .  I t  was there fo re  decided t o  r e t a i n  the 
in- jury  c r i t e r i a ,  w i t h  such mod i f i ca t ions  as seemed necessary t o  a l l ow  
ma~nufacturers t o  conform t o  54.1.2.3 by August 15, 1973. 

The chest i n j u r y  c r i t e r i o n  o f  ~ 6 . 2  was mod i f ied  f o r  seat b e l t s  by 
Not ice 20, which subs t i t u t ed  a  seve r i t y  index o f  1,000 f o r  the 60g 3 
m i l l i second  c r i t e r i o n  appl ied t o  other r e s t r a i n t  systems. Although the 



use o f  the s e v e r i t y  index as an i nd i ca to r  o f  chest i n j u r y  has no t  been 
common p rac t i ce ,  the agency has decided t h a t  i t  prov ides a reasonable 
i n t e r i m  measure o f  the e f fec t i veness  o f  the  b e l t  system. The seve r i t y  
index o f  1,000 i s  t he re fo re  r e ta i ned  as the  c r i t e r i o n  f o r  b e l t  systems 
u n t i l  August 15, 1975. 
. . . 

56.3 The r e s u l t a n t  acce le ra t i on  a t  the  center o f  g r a v i t y  o f  the 
upper thorax s h a l l  no t  exceed 609, except f o r  i n t e r v a l s  whose cumulat ive 
du ra t i on  i s  no t  more than 3 m i l l i seconds .  However, i n  the case o f  a 
passenger car manufactured be fo re  August 15, 1975, or  a t ruck  or  
mul t ipurpose passenger v e h i c l e  w i t h  a GVWR o f  10,000 pounds or less 
manufactured be fo re  August 15, 1977, when the dummy i s  r es t r a i ned  by a 
seat b e l t  system, the r e s u l t a n t  acce le ra t ion  a t  the center o f  g r a v i t y  of 
the upper thorax s h a l l  not  exceed a s e v e r i t y  index o f  1,000, ca lcu la ted  
by the  method descr ibed i n  S A E  l n format ion Report ~885a ,  October 1966. 

[26] 37 F R  231 15, October 28, 1972. 
FMVSS 208, proposal ; Docket 69-7, Not i c e  24. 
Occupant Crash Protection--Femur and Chest I n j u r y  C r i t e r i a  

The purpose o f  t h i s  n o t i c e  i s  t o  propose amendments t o  the i n j u r y  
c r i t e r i a  f o r  the femur and the chest i n  Motor Vehic le  Safety Standard 
No. 208, Occupant Crash Pro tec t ion ,  49 CFR 571.208. 

The NHTSA hereby proposes t h a t  the i n j u r y  c r i t e r i a  o f  Standard 
No. 208 be amended, by r a i s i n g  the maximum permiss ib le  load on the femur 
from 1,400 t o  1,700 pounds, and by s u b s t i t u t i n g  a seve r i t y  index of 
1,000 f o r  the  present 609, 3 -m i  1 1 i second l i m i  t as the  chest i n j u r y  
c r i t e r i o n  app l i cab le  t o  veh ic les  manufactured be fo re  August 15, 1975. 
The proposal i s  i n  response t o  a p e t i t i o n  f o r  r u l e  making submitted by 
General Motors, bu t  i t  a l so  r e f l e c t s  ana lys is  o f  data rece ived by t h i s  
agency s ince  the  e x i s t i n g  i n j u r y  c r i t e r i a  were promulgated. 

S i m i l a r l y ,  the chest i n j u r y  c r i t e r i o n  o f  60g (except f o r  a 
cumulat ive 3 -mi l l i second  i n t e r v a l )  causes occasional compliance f a i l u r e s  
o f  r e s t r a i n t  systems whose o v e r a l l  p r o t e c t i v e  c a p a b i l i t i e s  a re  judged t o  
be good. I t  appears l i k e l y  t h a t  such f a i l u r e s  a re  p a r t  o f  a t r a n s i e n t  
phase i n  the production' o f  these systems. I n  the face o f  s i m i l a r  
problems w i t h  seat b e l t  systems, the agency p rev ious ly  subs t i t u t ed  a 
s e v e r i t y  index o f  1,000 as the c r i t e r i o n  app l i cab le  t o  b e l t  systems i n  
veh i c l es  manufactured be fo re  August 15, 1975 (37 F . R .  13265, Ju ly  6, 
1972) . The cons iderat  ions which made the sever i t y  index acceptable as 
an i n t e r i m  measure f o r  seat b e l t s  now appear a l so  t o  be app l i cab le  t o  
o ther  r e s t r a i n t  systems. I n  p a r t i c u l a r ,  the index operates as a check 
on the h igh  amplitude, long du ra t i on  spikes t h a t  present the g rea tes t  
hazard t o  v e h i c l e  occupants. I t  i s  t he re fo re  proposed t h a t  the seve r i t y  
index o f  1,000 be used as the chest i n j u r y  c r i t e r i o n  f o r  veh ic les  
manufactured be fo re  August 15, 1975, regard less o f  the  type o f  r e s t r a i n t  
system. 



[27] 37 FR 24903, November 23, 1972. 
FMVSS 208, r u l e ;  Docket 69-7, N o t i c e  25. 
Chest and Femur I n j u r y  C r i t e r i a  

The purpose o f  t h i s  n o t i c e  i s  t o  amend t h e  i n j u r y  c r i t e r i a  
speci  f  i ed  f o r  t he  chest  and femur under sec t  ions S6.3 and 56.4 o f  Motor 
Veh ic le  Safe ty  Standard No. 208, Occupant Crash P r o t e c t i o n ,  49 C F R  
571.208. The amendments adopted hereby a r e  those proposed i n  a  no t  i c e  
o f  proposed r u l e  making pub1 ished on October 28, 1972 (Not ice  24; 37 
F.R. 231 16).  

The i n j u r y  c r i t e r i o n  f o r  t he  chest  i s  amended w i t h  respec t  t o  a l l  
v e h i c l e s  manufactured be fo re  August 15, 1975, by s u b s t i t u t i n g  a  s e v e r i t y  
index v a l u e  o f  1,000 as t h e  measure o f  i n j u r y  p o t e n t i a l  i n  p l a c e  o f  the  
c r i t e r i o n  o f  60g 's  f o r  3 m i l l i s e c o n d s .  The s u b s t i t u t i o n  had p r e v i o u s l y  
been made f o r  v e h i c l e s  equipped w i t h  seat  b e l t  systems manufactured 
b e f o r e  August 15, 1975. The amendment made hereby i s  based on a  f i n d i n g  
t h a t  t he  s e v e r i t y  index i s  an acceptab le  i n t e r i m  measure f o r  r e s t r a i n t  
systems o the r  than b e l t  systems. 
. . a  

S6.3 The r e s u l t a n t  a c c e l e r a t i o n  a t  t he  center  o f  g r a v i t y  o f  t he  
upper thorax  s h a l l  n o t  exceed 609'5,  except f o r  i n t e r v a l s  whose 
cumula t ive  d u r a t i o n  i s  n o t  more than 3 m i l l i s e c o n d s .  However, i n  the  
case o f  a  passenger car  manufactured b e f o r e  August 15, 1975, o r  a  t r u c k  
o r  mu l t i pu rpose  passenger v e h i c l e  w i t h  a  GVWR o f  10,000 pound or  l ess  
manufactured b e f o r e  August 15, 1977, t h e  r e s u l t a n t  a c c e l e r a t i o n  a t  the  
center  o f  g r a v i t y  o f  t he  upper thorax  s h a l l  be such t h a t  t he  s e v e r i t y  
index c a l c u l a t e d  by t h e  method descr ibed i n  S A E  I n fo rma t ion  Report 
~ 8 8 5 a ,  October 1966, s h a l l  n o t  exceed 1,000. 

[ 2 8 ]  38 F R  8455, Apr i 1 2, 1973. 
P a r t  572, proposal ;  Docket 73-8; N o t i c e  1 .  
Occupant Crash Protect ion--Proposed Test  Dummy 
S p e c i f i c a t i o n s .  

The purpose o f  t h i s  n o t i c e  i s  t o  propose s p e c i f i c a t i o n s  f o r  the  
t e s t  dummy t o  be used i n  t e s t i n g  v e h i c l e s  f o r  compliance w i t h  Motor 
V e h i c l e  Safety Standard No. 208, Occupant Crash P r o t e c t i o n ,  and t o  
propose an amendment t o  Standard No. 208 i n c o r p o r a t i n g  the  new 
s p e c i f i c a t i o n .  

On December 5, 1972, the  U. S. Court  o f  Appeals f o r  t h e  S i x t h  
C i r c u i t  rendered a  d e c i s i o n  . . . t h a t  the  t e s t  dummy s p e c i f i c a t i o n s  
(PI. imar i l y  SAE Recommended P r a c t i c e  J963) were inadequate and d i d  n o t  

meet t h e  s t a t u t o r y  requirement t h a t  t he  standard be phrased i n  o b j e c t i v e  
terms. The Court  noted th ree  s p e c i f i c  respects  i n  which i t  considered 
the s p e c i f i c a t i o n s  t o  be inadequate: (1) The absence o f  an adequate 
f l e x i b i l i t y  c r i t e r i o n  f o r  t h e  dummy's neck; (2) p e r m i s s i b l e  v a r i a t i o n s  
i n  the  t e s t  procedure f o r  de te rm in ing  thorax  dynamic s p r i n g  r a t e ;  and 
(3) t he  absence o f  spec i f i c,  o b j e c t i v e  spec i  f  i c a t i o n s  f o r  c o n s t r u c t i o n  
o f  t he  dummy' s  head. 



The dummy des ign t h a t  has been t e n t a t i v e l y  se lec ted  by the  NHTSA, 
and i s  hereby proposed, i s  a composite des ign u s i n g  components developed 
by Alderson Research Labora to r ies ,  S i e r r a  Engineer ing Co., and General 
Motors.  T h i s  dummy des ign has been des ignated by General Motors as t h e  
"GM H y b r i d  I I Dummy," and has undergone extens i v e  t e s t  i ng by GM. I  n the  
judgement o f  t he  NHTSA, on the  b a s i s  o f  i n f o r m a t i o n  rece ived t o  date  and 
on t h e  b a s i s  o f  t he  agency's own t e s t  program, i t  represents  t h e  most 
s a t i s f a c t o r y  des ign t h a t  i s  c u r r e n t l y  commercia l ly  a v a i l a b l e .  . . .  

The NHTSA i s  c o n t i n u i n g  t o  suppor t  advanced research and 
development work on dev ices  t h a t  s imu la te  t h e  human body. I t  i s  w i d e l y  
recogn ized t h a t  t he  technology i n  t h i s  area i s  i n  a r e l a t i v e l y  e a r l y  
s tage o f  development. I n  the  judgement o f  t h i s  agency, however, t h e  
dev i ce  proposed f o r  use by t h i s  n o t i c e  i s  f u l l y  adequate f o r  t he  
purpose, and i t  i s  a n t i c i p a t e d  tha t ,  as f i n a l l y  issued, t h e  proposed 
dummy s p e c i f i c a t i o n s  w i l l  remain s t a b l e  f o r  severa l  years. . . 

The tho rax  proposed f o r  t h e  dummy conforms t o  t h e  most recen t  
Alderson s p e c i f i c a t i o n ,  i n  which s t e e l  r i b s  a r e  combined w i t h  a l e a t h e r  
sternum. The damping p r o p e r t i e s  o f  t h i s  des ign more n e a r l y  resemble the  
behav ior  o f  t h e  human chest  than d i d  e a r l i e r  designs. I t s  performance 
i s  eva lua ted  i n  an impact t e s t  u s i n g  a c y l i n d r i c a l  impactor .  The t e s t  
has been found capable o f  d e t e c t i n g  var iances due t o  thorax  design, and 
i s  cons idered t o  p r o v i d e  a good c a l i b r a t i o n  check f o r  t he  thorax .  

The c o n f i g u r a t i o n  o f  t he  lumbar sp ine and p e l v i s  a r e  l a r g e l y  
d e r i v e d  f rom Alderson designs,  w i t h  the  a d d i t i o n  o f  a lumbar sp ine 
sepment designed by  General Motors t o  p r o v i d e  g rea te r  un i  formi . ty  o f  
movement o f  t he  lower back. I t s  performance i s  eva luated i n  a s t a t i c  
bending t e s t  o f  t h e  t o r s o  w i t h  a l l  components i n  p lace.  

To reduce var iances i n  performance caused by d i f f e r e n c e s  i n  
i n s t r u m e n t a t i o n  l o c a t i o n  and mounting, t h e  proposed r e g u l a t i o n  a l s o  
s p e c i f i e d  the  manner i n  which ins t ruments  a r e  t o  be l oca ted  and mounted. 

I n  l i g h t  o f  t he  above, i t  i s  proposed t h a t  Chapter V o f  T i t l e  49, 
Code o f  Federal  Regu la t ions ,  be amended by adding a new P a r t  572, "Test  
Dummy S p e c i f i c a t i o n s "  as s e t  f o r t h  below. 

I t i s  a l s o  proposed t h a t  s e c t i o n  58.1.8 o f  Standard No. 208 be 
amended by s u b s t i t u t i n g  a re fe rence  t o  the  P a r t  572 dummy f o r  t h e  
present  re fe rence  t o  the  S A E  J963 dummy. I t  i s  f u r t h e r  proposed t h a t  
t he  f i r s t  and second r e s t r a i n t  o p t i o n s  a v a i l a b l e  t o  manufacturers be fo re  
pass i ve  p r o t e c t i o n  becomes mandatory, suspended by the  Chrys ler  
d e c i s i o n ,  be r e i n s t a t e d  i n  the  standard,  thereby p e r m i t t i n g  
manufac turers  t o  e l e c t  t o  i n s t a l l  pass ive  r e s t r a i n t  systems d u r i n g  t h a t  
p e r i o d .  



The NHTSA does not  in tend hereby t o  make the Par t  572 dummy 
app l i cab le  t o  seat b e l t s  under the t h i r d  op t i on  i n  1973 (54.1.2.3). 

[29] 38 FR 9830, Apri 1 20, 1973. 
FMVSS 208, proposa 1 ; Docket 69-7, Not i c e  26, 
Occupant Crash Protection--Proposed l n t e r l o c k  Amendments 

The i n i t i a l  amendment proposed by t h i s  n o t i c e  i s  the d e l e t i o n  o f  
the i n j u r y  c r i t e r i a  as app l ied  t o  b e l t s  under the i n t e r l o c k  op t i on  i n  
1973. Th is  amendment i s  proposed as a  d i r e c t  consequence of  the 
dec is ion  o f  the U.S. Court o f  Appeals f o r  the  S i x t h  C i r c u i t  i n  Fard 
v, Nat iona l  Highway T r a f f i c  Safety  Admin is t ra t ion,  No. 72-1179, decided - 
February 2, 1973. The cou r t  i n  Ford r u l ed  t h a t  i t s  e a r l i e r  op in ion  i n  
Chrysler v, Volpe, S i x t h  C i r c u i t ,  No. 71-1339 e t  a l . ,  decided December 
5, 1973, was d i s p o s i t i v e  o f  the Ford p e t i t i o n ,  and there fo re  i nva l i da ted  
those po r t i ons  o f  the seat b e l t  i n t e r l o c k  op t i on  t h a t  r e l y  on the t e s t  
dummy f o r  measurement o f  i n j u r y  c r i t e r i a .  

Although under the c o u r t ' s  dec is ions there  i s  no obstac le  t o  the 
impos i t i on  o f  i n j u r y  c r i t e r i a  w i t h i n  a  reasonable t ime a f t e r  the agency 
spc:ci f  i es  a  new t e s t  dummy, the r ecen t l y  proposed t e s t  dummy regu la t i on  
w i l l  no t  r e s u l t  i n  a  f i n a l  s p e c i f i c a t i o n  i n  t ime f o r  manufacturers t o  
cor~duct  a  new ser ies  o f  seat be1 t eva lua t ion  t es t s  before the 1974 model 
year. Accordingly,  i t  i s  proposed t h a t  the paragraph r e q u i r i n g  b e l t s  t o  
meet the i n j u r y  c r i t e r i a  (54.1.2.3.1 (d)) be deleted. 

Also a f f ec ted  by the i n v a l i d a t i o n  o f  the t e s t  dummy i s  the 
requirement t h a t  the center f r o n t  seat b e l t  r e s t r a i n  a  dummy i n  a  30-mi/ 
h  b a r r i e r  t e s t  w i thou t  b e l t  breakage (54.1 -2.3.1 (e))  . To r e i n s t a t e  t h i s  
requirement f o r  1974 models, the agency would need t o  r ees tab l i sh  a 
dummy, s p e c i f i c a t i o n  i n  t ime f o r  c e r t i f i c a t i o n  t e s t s  t o  be run. Present 
in fo rmat ion  ind ica tes  t h a t  the breakage t e s t  requirement does not  
con t r i bu te  s u b s t a n t i a l l y  t o  the performance o f  b e l t  systems. I t  i s  
t he re fo re  proposed t ha t  the requirement be deleted. 

[30] 38 F R  16072, June 20, 1973. 
FMVSS 208, r u l e ;  Docket 69-7, Not ice 27. 
Seat b e l t  l n t e r l ock  Requirements 

. . .  
As amended, therefore,  54.1.2.3.1 (a) provides t h a t  a t  the f r o n t  

outboard pos i t i ons  a  manufacturer may i n s t a l l  e i t h e r  a  Type 2  seat b e l t  
assembly t h a t  conforms t o  standard No. 209, or a  type 1 seat b e l t  
assembly t h a t  meets the i n j u r y  c r i t e r i a  o f  S 5 . l .  Insofar  as the i n j u r y  
c r i t e r i a  themselves are cont ingent  upon the establ ishment o f  an adequate 
method o f  measurement through the adopt ion o f  a  new t e s t  dummy,' a  
manufacturer who intends t o  produce veh ic les  w i t h  type 1 b e l t s  a t  the 
f r o n t  outboard pos i t i ons  w i l l  have t o  await  the adopt ion o f  the  new 
dummy regu la t i on  and i t s  incorpora t ion  i n t o  the  opt ions under S4 .1 .2 .  . . . 



54.1.2.3 Third option--lap and shoulder be)t protection system 
iqnition interlock and belt warning-- 

54.1 .2.3.1 Except for convert i b l es and open-body veh i c l es, the 
vehicle shal I-- 

(a) At each front outboard designated seating position have a seat 
belt assembly that conforms to 57.1 and 57.2 o f  this standard, a seat 
belt warning system that conforms to 57.3 and a belt interlock system 
that conforms to S7.4. The be1 t assembly shall be either a type 2 seat 
belt assembly with a nondetachable shoulder belt that conforms to 
standard No. 209 ( 571.209) , or a type 1 seat be1 t assembly such that 
with a test device restrained by the assembly the vehicle meets the 
frontal crash protection requirements of 55.1 in a perpendicular impact. 

(b) At any center front designated seating position, have a type 1 
or type 2 seat belt assembly that conforms to standard No. 209 
( 571.209) and to S7.1 and 57.2 of this standard, and a seat be1 t 
warning system that conforms to 57.3; and 

(c) At each other designated seating position, have a type 1 or 
type 2 seat belt assembly that conforms to standard No. 209 (Part 
571,209) and to S7.1 and 57.2 of this standard. 

[31] 38 FR  20449, August 1, 1973. 
Part 572, rule; Docket 73-8, Notice 2. 
Anthropomorphic Test Dummy--Occupant Crash Protection 

The purposes of this notice are (1) to adopt a regulation that 
specifies a test dummy to measure the performance of vehicles in 
crashes, and (2) to incorporate the dummy into Motor Vehicle Safety 
Standard No. 208 (49 CFR 571.208), for the limited purpose of evaluating 
vehicles with passive restraint options between August 15, 1973, and 
August 15, 1975. The question of the restraint system requirements to 
be in effect after August 15, 1975, is not addressed by this notice and 
will be the subject of future rulemaking action. 

The test dummy regulation (49 CFR Part 572) and the accompanying 
amendment to Standard No. 208 were proposed in a notice pub1 ished Apri 1 
2, 1973 (38 F R  8455). The dummy described in the regulation is to be 
used to evaluate vehicles manufactured under Sections S4.1i2.1 and 
54.1.2.2, (the first and second options in the period from August 15, 
1973, to August 15, 1975) , and the section incorporating the dummy is 
accordingly limited to those sections. The dummy has not been specified 
for use with any protection systems after August 15, 1975, nor with 
active belt systems under the third restraint option (54.1.2.3). The 
recent decision in Ford v. NHTSA, 473 F.2d 1241 (6th Cir. 1973), removed 
the injury criteria from such systems. T o  make the dummy applicable to 
belts under the third option, the agency would have to provide 
additional notice and opportunity to comment. 



The immediate purpose o f  t h i s  ru lemaking i s  t o  r e c o n s t i t u t e  those 
p o r t i o n s  o f  t he  standard t h a t  w i l l  enable manufacturers t o  b u i l d  pass ive  
r e s t r a i n t  v e h i c l e s  d u r i n g  t h e . p e r i o d  when they a r e  o p t i o n a l .  The t e s t  
dummy se lec ted  by the  agency "GM Hybr id  I I " ,  a composite developed by 
General Motors l a r g e l y  from commercia l ly  a v a i l a b l e  components. GM had 
requested NHTSA t o  adopt the  Hybr id  I I  on the  grounds t h a t  i t  had been 
s u c c e s s f u l l y  used i n  v e h i c l e  t e s t s  w i t h  pass ive  r e s t r a i n t  systems, and 
was as good as, o r  b e t t e r  than, any o the r  immediately a v a i l a b l e  dummy 
system. On cons ide ra t i on  o f  a l l  a v a i l a b l e  evidence, the  NHTSA concurs . . . 

The p r o v i s i o n s  o f  t he  dummy r e g u l a t i o n  have been mod i f i ed  somewhat 
from those proposed i n  the  n o t i c e  o f  proposed rulemaking, l a r g e l y  as a 
r e s u l t  o f  comments from GM. Minor c o r r e c t i o n s  have been made i n  the  
drawings and m a t e r i a l s  s p e c i f i c a t i o n s  as a r e s u l t  o f  comments by GM and 
t h e  p r i n c i p a l  dummy supp l i e rs ,  

The dummy s p e c i f i c a t i o n s ,  as f i n a l l y  adopted, reproduces the Hybr id  
I I  i n  each d e t a i l  o f  i t s  des ign and provides,  as a c a l i b r a t i o n  check, a 
s e r i e s  o f  performance c r i t e r i a  based on the  observed performance o f  
normal ly  f u n c t i o n i n g  Hybr id  I I  components. The performance c r i t e r i a  a r e  
w h o l l y  d e r i v a t i v e  and a re  intended t o  f i l t e r  ou t  dummy aber ra t i ons  t h a t  
escape d e t e c t i o n  i n  the  manufactur ing process o r  t h a t  occur as a r e s u l t  
o f  impact damage. The r e v i s i o n s  i n  the  performance c r i t e r i a ,  as 
d iscussed h e r e a f t e r ,  a r e  intended t o  e l i m i n a t e  p o t e n t i a l  var iances i n  
the  t e s t  procedures and t o  h o l d  the  performance o f  t h e  Hybr id  I I  w i t h i n  
the  narrowest  p o s s i b l e  range. 

With respec t  t o  the  thorax t e s t ,  each o f  the  minor procedural  
changes requested by GM has been adopted. 

The t e s t  procedures f o r  t h e  sp ine and abdomen t e s t  a re  s p e c i f i e d  i n  
much g rea te r  d e t a i l  than before,  on t h e  b a s i s  o f  suggestions by GM and 
o t h e r s  t h a t  t he  former procedures l e f t  t oo  much room f o r  var iance.  
* * .  

572.8 Thorax. 

(c) When impacted by a t e s t  probe conforming t o  572.11 (a) a t  14 
f p s  and a t  22 fps  i n  accordance w i t h  paragraph (d) o f  t h i s  sec t i on ,  the  
thorax  s h a l l  r e s i s t  w i t h  fo rces  measured by the  t e s t  probe o f  n o t  more 
than 1400 pounds and 2100 pounds, r e s p e c t i v e l y ,  and s h a l l  d e f l e c t  by 
amounts n o t  g rea te r  than 1.0 inches and 1.66 inches, r e s p e c t i v e l y .  The 
i n t e r n a l  h y s t e r e s i s  i n  each impact s h a l l  n o t  be less  than 50 percent .  

(a) The t e s t  probe used f o r  t h o r a c i c  and 'knee impact t e s t s  i s  a 
c y l i n d e r  6 inches i n  diameter t h a t  weighs 51.5 pounds i n c l u d i n g  
ins t rumenta t ion .  I t s  impact ing end has a f l a t  r i g h t  f ace  t h a t  i s  r i g i d  
and t h a t  has an edge rad ius  o f  0.5 inches. 



[32] 39 FR  38380, October 31, 1974. 
FMVSS 208, rule; Docket 74-39, Notice 1. 
Seat Belt Interlock Option 

This notice amends Standard No. 208, Occupant crash protection, 49 
CFR 571.208, by eliminating the ignition interlock. Parallel changes 
are made to the passive seat be1 t assembly requirements (S7.) of the 
standard. 

[331 40 F R  33462, August 8, 1975. 
Part 572, proposal ; Docket 73-8, Notice 3. 
Anthropomorphic Test Dummy .:\ . . .  
Several manufacturers questioned the objectivity of the dummy as a 

whole because Part 572 does not include a "whole systems" calibration of 
the assembled dummy. The NHTSA has considered the advisability of such 
a test and has decided against it for several reasons. Foremost is the 
difficulty of devising a calibration procedure which introduces no 
significant variability into the test. It is clear that Standard 
No. 208 dynamic deceleration of the dummy introduces many complex 
variables into the test, such as restraint design and vehicle design. 
In the description of sled testing of the GMSOX dummy (ref. Reports: SAE 
#740590, DOT-HS-299-3-569) , General Motors poi nted out that thei r 
results demonstrate the complexity of the problem. 

Another reason for not introducing a "whole systems" calibration is 
that the experience to date with well-controlled hard seat sled tests of 
the dummy show good measurement stability of the dummy as a whole system 
as long as the dummy meets Part 572 specifications. The most recent 
presentation of such information appears in an SAE paper by General 
Motors engineers, comparing an advanced dummy with the Part 572 dummy 
(Proceedings of Third International Conference on Occupant Protection, 
pg. 369). Table 10 of that paper shows the coefficient of variation of 
a Hybrid I 1  dummy to be only 4.5 percent in a measure of Head Injury 
Criteria and 3.3 percent in a measure of Chest Severity Index. 
Variation of these criteria between dummies is 3.5 percent and 6 percent 
respectively. Similar conclusions were reached by J. Versace and 
R. J. Berton of the Ford Motor Company in SAE paper 750395, 
"Determination of Restraint Effectiveness", pg. 5. Based on experience 
of this nature, and in view of the extensive specification in Part 572, 
the NHTSA concludes that a "whole systems" calibration is not required 
to establish the dummy as an objective measuring device. 

$This notice is unusual in that it refers to and comments on specific . 
technical papers. 

[34] 41 F R  29715, July 19, 1976. 
FMVSS 208, proposal ; Docket 74-14, Notice 5. 
Occupant Crash Protection 



The requirements o f  Standard No. 208 (49 CFR 571.208) have been 
implemented i n  t h r e e  stages.  The c u r r e n t  s tage f o r  passenger ca rs  
s p e c i f i e s  a  cho ice  o f  t h ree  means t o  p r o v i d e  occupant p r o t e c t i o n  
(54.1.2) and i s  scheduled t o  end August 31, 1976. The Secre tary  o f  
T r a n s p o r t a t i o n  has i n i t i a t e d  a process f o r  the  es tab l ishment  o f  f u t u r e  
occupant c rash p r o t e c t i o n  requirements (41 F R  24070, June 14, 1976) , b u t  
t h i s  process w i  1 1  n o t  be completed e a r l y  enough t o  pe rm i t  t h e  
s p e c i f i c a t i o n  o f  new requirements by August 31, 1976. For t h i s  reason, 
t h e  Na t iona l  Highway T r a f f i c  Sa fe ty  A d m i n i s t r a t i o n  proposes t h e  
ex tens ion  o f  t he  e x i s t i n g  requirements f o r  an i n t e r i m  p e r i o d  o f  one 
year.  . I .  

Two o f  t h e  th ree  a v a i l a b l e  o p t i o n s  pe rm i t  a  manufacturer  t o  p r o v i d e  
c e r t a i n  l e v e l s  o f  occupant p r o t e c t i o n  by means t h a t  do n o t  r e q u i r e  
a c t i o n  by the  v e h i c l e  occupant (common1 y known as pass i ve  p r o t e c t  ion) . 
Whi le  most v e h i c l e s  a r e  manufactured i n  s a t i s f a c t i o n  o f  t he  t h i r d  o p t i o n  
which does n o t  s p e c i f y  pass i ve  p r o t e c t i o n  (S4.1.2.3), General Motors 
COI-porat i on and Vo 1 kwagenwer k A G  (Vol kswagen) have equ i pped a  sma 1 1 
nurnber o f  the  i r veh i c  1 es w i t h  pass i ve  p r o t e c t i o n .  

The changes proposed he re in ,  requirements,  i n j u r y  c r i t e r i a ,  and 
t e s t  procedures f o r  t h e  pass i ve  p r o t e c t i o n  op t i ons ,  arose i n  the  c o n t e x t  
o f  a  March 1974 NHTSA proposal  t o  mandate pass ive  r e s t r a i n t s  f o r  a1 1 
v e h i c l e s  (39 FR 10271 March 19, 1974). Whi 1e t h a t  proposal  i s  
superseded by the  Department 's  more recen t  proposa l ,  t h e  agency has 
eva lua ted  manufacturer  comments made on the  March 1974 proposal  and a t  a  
subsequent p u b l i c  meet ing on pass i ve  p r o t e c t i o n  (40 F R  13330, March 26, 
19'75) . The agency's own cont  i nu i  ng research and development a c t  i v i  t i e s  
a l s o  have p rov ided  t h e  b a s i s  f o r  reproposal  o f  some o f  t he  t e c h n i c a l  
m o d i f i c a t i o n s  f i r s t  proposed i n  March 1974, as w e l l  as some a d d i t i o n a l  
new s p e c i f i c a t i o n s .  References t o  manufacturer  comments i n  the  
f o l l o w i n g  d iscuss ion,  un less  o the rw ise  i nd i ca ted ,  a r e  t o  comments made 
on t h e  March 1974 proposa l .  

I n  deve lop ing i t s  o p t i o n a l  pass i ve  b e l t  system, Volkswagen r a i s e d  
t h e  ques t i on  o f  t he  f e a s i b i l i t y  o f  smal l  cars  meet ing l a t e r a l  impact 
requirements:  A 20-mph impact by a  4,000-pound, 60- inch h i g h  f l a t  
su r face .  Because smal l  ca rs  a r e  p a r t i c u l a r l y  v u l n e r a b l e  t o  s i d e  impact, 
i t  i s  most impor tant  t o  m a i n t a i n  p r a c t i c a b l e  p r o t e c t i o n  l e v e l s  f o r  them 
based on the  we ight  o f  t he  average car  which i s  l i k e l y  t o  impact them. 
However, i t  may be d i f f i c u l t  f o r  smal l  ca rs  t o  meet the  impact 
requirements u s i n g  a  4,000-pound b a r r i e r  i n  t h e  nex t  few years. 
Ac~:ordingly, a  l a p  b e l t  o p t i o n  would be prov ided.  T h i s  conforms t o  the  
o p t i o n  i n  t h e  Department 's  proposa l .  A s i m i l a r  l a p  b e l t  o p t i o n  i s  
proposed f o r  the  r o l l o v e r  requirement i n  con fo rm i t y  w i t h  the  
Department 's  proposa l ,  

Manufacturers quest ioned severa l  aspects o f  t h e  f r o n t a l  and l a t e r a l  
c rash modes and t h e i r  assoc ia ted i n j u r y  c r i t e r i a .  I t  was suggested t h a t  
chest  a c c e l e r a t i o n  l i m i t s  be based on a  s e v e r i t y  index i n  p l a c e  o f  t he  
60g, 3-mi 1 1  isecond 1 i m i  t found i n  the  standard,  i n  order  t o  emphasize 



the e f f e c t  o f  t ime du ra t i on  on i n j u r y  to lerance.  The cu r ren t  
requirement does i n  f a c t  consider t ime du ra t i on  by p e r m i t t i n g  
acce le ra t i on  l eve l s  higher than 609 f o r  per iods less  than 3 
m i l l i seconds ,  and t h i s  leve l  i s  considered reasonable. Two years of 
f r o n t a l  and ob l ique  crash t e s t i n g  i nvo l v i ng  20 veh ic les  and 56 dummies 
supports t h i s  conclusion, i n  t h a t  no dummy recorded chest acce le ra t ions  
greater  than 609 f o r  more than 3 m i  I 1  i seconds. 

[35] 41 FR 36494, August 30, 1976. 
FMVSS 208, Docket 74-14, No t i ce  6. 
Occupant Crash P ro tec t  i on 

Th is  n o t i c e  amends Standard No. 208, Occupant Crash Pro tec t ion ,  t o  
cont inue u n t i l  August 31, 1977, the present  th ree  op t ions  a v a i l a b l e  f o r  
occupant crash p r o t e c t i o n  i n  passenger cars,  

Th is  extens ion o f  the  present occupant crash p r o t e c t i o n  opt ions o f  
Standard No. 208 (49 CFR 571.208) was proposed Ju ly  19, 1976 (41 F R  
29715), a long w i t h  several  o ther  sub jects  t h a t  w i l l  be the subject  o f  a  
f u t u r e  no t i ce .  Vehic le  manufacturers supported the  proposal bu t  
requested t h a t  the op t ions  be extended i n d e f i n i t e l y  ins tead of be ing 
l i m i t e d  t o  a  1-year extension. . . .  

The Secretary o f  T ranspor ta t ion  has i n i t i a t e d  a  process f o r  the 
establ ishment o f  f u t u r e  occupant crash p r o t e c t i o n  requirements under 
Standard No. 208 (41 F R  24070, June 14, 1976) . The Secre ta ry ' s  proposal 
addresses the long term issues involved, and t h i s  1-year extension o f  
requirements i s  intended t o  prov ide the t ime necessary t o  reach t h a t  
dec is ion.  Because a  1-year extension i s  cons i s t en t  w i t h  the  process 
t h a t  has been es tab l i shed  and because a  longer extens ion.  was no t  
proposed f o r  comment, the NHTSA dec l ines  t o  extend the e x i s t i n g  
requirements as recommended by the manufacturers, 

Other mat ters  proposed i n  the n o t i c e  t h a t  under l i es  t h i s  ac t i on  
w i l l  be t r ea ted  a t  a  l a t e r  date. 

[36] 41 F R  54961, December 16, 1976. 
FMVSS 208, no t i ce ;  Docket 74-14, No t i ce  7 .  
Advance Not i ce  Concerning Improvements o f  Seat B e l t  Assemblies . . . 
Would the establ ishment o f  i n j u r y  c r i t e r i a  and dynamic t e s t s  f o r  

seat b e l t  assemblies i n s t a l l e d  i n  veh ic les  be an appropr ia te  means t o  
improve seat b e l t  e f fec t i veness?  

The NHTSA, as i t  s ta ted  i n  A p r i l  1973 (38 FR, A p r i l  20, 19731, 
be l ieves  t h a t  a  s t r u c t u r a l  i n t e g r i t y  requirement does no t  c o n t r i b u t e  
s u b s t a n t i a l l y  t o  the performance o f  b e l t  systems, which a re  requ i red  by 
Standard No. 209 t o  have higher break ing s t reng th  than they would be 
subjected t o  dur ing  a  30-m.p.h. b a r r i e r  impact. The agency considers 



t h a t  a  more approp r ia te  assessment o f  a  b e l t  sys tem's  p r o t e c t i v e  
performance c a p a b i l i t y  l i e s  i n  i t s  a b i l i t y  t o  p r o p e r l y  r e s t r a i n  a  P a r t  
572 t e s t  dummy i n  a  s imu la ted  crash environment. The agency i s  
contempla t ing  a  requirement f o r  a  dynamic t e s t  f o r  b e l t  systems. The 
t e s t  would be a  f r o n t a l  and f r o n t a l  o b l i q u e  t e s t  a t  30 m.p.h. i n t o  a  
f i x e d  f l a t  b a r r i e r .  A number o f  a l t e r n a t i v e s  e x i s t  t o  eva lua te  the  b e l t  
systems p r o t e c t i v e  performance. F i r s t ,  t h e  head and chest  a c c e l e r a t i o n s  
and femur f o r c e  l e v e l s  measured on t h e  dummy cou ld  be l i m i t e d  t o  some 
l e v e l s ,  a l though these may n o t  n e c e s s a r i l y  be t h e  e x i s t i n g  l e v e l s  
s p e c i f i e d  i n  55 o f  FMVSS 208. 

Another o p t i o n  i s  t o  l i m i t  t h e  t o r s o  b e l t  load a p p l i e d  t o  t h e  t e s t  
dummy. T h i s  c r i t e r i a  would be i n  a d d i t i o n  t o  head, chest ,  and femur 
c r i t e r i a .  The data  i n  a  recen t  paper presented by Eppinger a t  t he  S i x t h  
I n t e r n a t i o n a l  Conference on Exper imental  Sa fe ty  Veh ic les  i n d i c a t e s  t h a t  
1,200 pounds o f  shoulder b e l t  f o r c e  can produce m u l t i p l e  r i b  f r a c t u r e s .  

[37] 42 FR 7148, February 7 ,  1977. 
P a r t  572, r u l e ;  Docket 73-8, N o t i c e  4. 
Dummy C a l i b r a t i o n  Test  Procedures and Dummy Design 
S p e c i f i c a t i o n s  

T h i s  n o t i c e  amends P a r t  572, Anthropomorphic Tes t  Dummy, t o  s p e c i f y  
severa l  elements o f  the  dummy c a l i b r a t i o n  t e s t  procedures and make minor 
changes i n  the  dummy des ign s p e c i f i c a t i o n s .  P a r t  572  i s  a l s o  
reorgan ized t o  p r o v i d e  f o r  accommodation o f  dummies o t h e r  than the  50th-  
p e r c e n t i  l e  male dummy i n  the  f u t u r e .  
- 4 .  

General Motors (GM) , Chrys ler  Corpora t ion ,  Ford Motor Company, and 
the! Motor Veh ic le  Manufacturers Assoc ia t i on  (MVMA) s t a t e d  t h a t  t he  dummy 
c o n s t r u c t i o n  i s  unsu i ted  t o  measurements o f  l a t e r a l l y - i m p o s e d  force ,  
thereby render i ng t h e  dummy unob jec t  i v e  i  n  t h e  " 1  a t e r a  1 impact 
environment." Whi le the  agency does n o t  agree w i t h  these o b j e c t i o n s ,  
t he  m o d i f i e d  performance l e v e l s  p u t  fo rward  by t h e  Department o f  
T r a n s p o r t a t i o n  and the  agency would a l l o w  manufacturers t o  i n s t a l l  l ap  
b e l t s  i f  they do n o t  w ish  t o  under take l a t e r a l  o r  r o l l o v e r  t e s t i n g .  Any 
manufacturer  t h a t  i s  concerned w i t h  t h e  o b j e c t i v i t y  o f  t h e  dummy i s  such 
impacts would p r o v i d e  l a p  b e l t s  a t  t h e  f r o n t  s e a t i n g  p o s i t i o n s  i n  l i e u  
o f  conduct ing  t h e  l a t e r a l  o r  r o l l o v e r  t e s t s .  . I8 . 

The major suggest ion by v e h i c l e  and dummy manufac turers  was a  
s l i g h t  r e v i s i o n  o f  t he  tho rax  r e s i s t a n c e  and d e f l e c t i o n  va lues,  which 
must n o t  be exceeded d u r i n g  impact o f  t he  chest .  The p resen t  va lues 
(1400 pounds and 1.0 i nch  a t  14 fps ,  2100 pounds and 1.6 inches a t  22 
fp$ )  were quest ioned by GM, which recommends an increase i n  bo th  
r e s i s t a n c e  and d e f l e c t i o n  va lues t o  b e t t e r  r e f l e c t  accu ra te  c a l i b r a t i o n  
o f  a  c o r r e c t l y  designed dummy. Comparable increases were recommended by 
Humanoid and S i e r r a .  ARL noted t h a t  t h e  present  va lues a r e  extremely 
s t r i n g e n t .  



The agency's experience w i t h  c a l i b r a t i o n  o f  the thorax s ince 
issuance o f  the  proposal conf i rms t h a t  a s l i g h t  increase i n  values i s  
appropr ia te ,  a l though no t  the amount o f  increase recommended by the 
manufacturers. The values have accord ing ly  been mod i f ied  t o  1450 pounds 
and 1.1  inches a t  14 fps,  and 2250 pounds and 1.7 inches a t  22 fps.  The 
agency does no t  se t  a minimum l i m i t  on the values as recommended by 
General Motors because the i n t e r a c t i o n  o f  the d e f l e c t i o n  and res is tance  
f o r ce  values make lower l i m i t s  unnecessary. The changes i n  values 
should ease ARL's concern about the sea t ing  surface, al though the 
agency's own experience does no t  i n d i c a t e  t h a t  a s i g n i f i c a n t  problem 
e x i s t s  w i t h  the  present s p e c i f i c a t i o n s  o f  the surface. 

I n  con junc t ion  w i t h  these changes, the agency has reduced the 
maximum permiss ib le  hys te res is  o f  the chest dur ing  impact t o  70 percent 
as recommended by GM. 

[381 42 FR 28200, June 2, 1977. 
Par t  572, no t i ce ;  Docket 73-8, No t i ce  5. 
Delay o f  Response t o  P e t i t i o n s  f o r  Reconsiderat ion 

Th is  n o t i c e  announces a delay u n t i l  approximately Ju l y  1 ,  1977, o f  
the Nat iona l  Highway T r a f f i c  Safety Admi n i  s t r a t  i o n ' s  (NHTSA) response t o  
two p e t i t i o n s  f o r  recons idera t ion  t h a t  have been f i l e d  concerning a 
recent  amendment (February 7 ,  1977; 42 F R  7148) o f  the agency's t e s t  
dummy s p e c i f i c a t i o n  (Part  572, Anthropomorphic Test Dummy, 49 C F R  Pa r t  
572). i t  i s  the po l  i c y  o f  the NHTSA t o  respond t o  p e t i t i o n s  f o r  
recons idera t ion  w i t h i n  120 days o f  the p u b l i c a t i o n  o f  a f i n a l  r u l e  (49 
CFR Pa r t  553, Appendix), which would necess i ta te  a response by June 7, 
1977, i n  t h i s  instance. When a response w i l l  no t  be issued w i t h i n  120 
days, i t  i s  the  agency's p o l i c y  t o  pub l i sh  i n  the Federal Register 
n o t i c e  o f  the da te  by which i t  expected t h a t  ac t i on  w i l l  be taken. 

A p e t i t i o n  f i l e d  by General Motors Corporat ion requested co r rec t i on  
o f  lumbar load and angle requi  rements and a lso  commented on "whole 
system" o b j e c t i v i t y  and l a t e r a l  impact response o f  the dummy, Ford Motor 
Company a l s o  requested the same lumbar l oad  cor rec t ions ,  questioned 
l a t e r a l  impact response, and requested recons idera t ion  o f  the 
requirement t h a t  the  dummy be .used f o r  t e s t i n g  w i t hou t  r e q u i r i n g  
r e c a l i b r a t i o n .  The p e t i t i o n s  a re  on f i l e  i n  the NHTSA pub l i c  docket 
(Room 5108, 400 Seventh S t ree t  SW, Washington, D.C.  20590). 

The Par t  572 t e s t  dummy i s  used t o  s imulate  the occupant o f  a motor 
v e h i c l e  f o r  purposes o f  eva lua t ing  c e r t a i n  types o f  crash p ro tec t i on  
systems prov ided i n  accordance w i t h  Standard No. 208, Occupant Crash 
P ro tec t  i on  (49 CFR 571.208) . The Department o f  Transpor ta t  i on  has 
r e c e n t l y  proposed th ree  approaches t o  f u t u r e  occupant p r o t e c t i o n  under 
Standard No. 208 (March 24, 1977; 42 FR 15935), and one o f  the proposed 
approaches e n t a i l s  use o f  the Par t  572 dummy as a compliance t e s t  
instrument.  The o b j e c t i v i t y  o f  the dummy as a measurement device was 
the  issue t h a t  the NHTSA add res~ed  i n  the  February 1977 amendment t h a t  
gave r i se t o  the GM and Ford pe t  i t ions. 



The agency assumes from the small number o f  p e t i t i o n s  f o r  
recons idera t ion  t h a t  i t  i s  aware o f  and has addressed a l l  o f  the 
quest ions about o b j e c t i v i t y  t h a t  are known t o  in te res ted  persons w i t h  
except ion o f  the two sub jec t  pe t  i t ions. 

[391 42 FR 34299, Ju ly  5, 1977. 
FMVSS 208 and Par t  572i r u l e ;  Docket 74-14, Not ice 1 1 ;  
Docket 73-8, Not i c e  7 .  
Occupant Crash P ro tec t i on  

Not ice 5 was issued Ju ly  15, 1976 (41 F R  29715; Ju ly  19, 1976) and 
proposed t h a t  Standard No. 208's exi  s t  i ng s p e c i f i c a t i o n  f o r  passenger 
p r o t e c t i o n  i n  f r o n t a l ,  l a t e r a l  and r o l l o v e r  modes (S4.1.2.1) be mod i f ied  
t o  spec i f y  passive p r o t e c t i o n  i n  the f r o n t a l  mode on ly ,  w i t h  an op t i on  
t o  prov ide passive p ro tec t i on  or  b e l t  p r o t e c t i o n  i n  the l a t e r a l  and 
r o l l o v e r  crash modes. Volkswagen had ra ised  the quest ion o f  the 
f e a s i b i l i t y  o f  small cars meeting the s tandard 's  l a t e r a l  impact 
requirements: A 20-mph impact by a  4,000 pound, 60-inch h igh f l a t  
surface. The agency noted the p a r t i c u l a r  v u l n e r a b i l i t y  o f  small cars t o  
s ide  impact and the need t o  prov ide p ro tec t i on  f o r  them based on the 
weight o f  o ther  veh ic les  on the highway, bu t  agreed t h a t  i t  would be 
d i f f i c u l t  t o  prov ide passive l a t e r a l  p r o t e c t i o n  i n  the near f u t u re .  
Design problems a lso  under lay the proposal t o  prov ide a b e l t  op t i on  i n  
p lace o f  the e x i s t i n g  passive r o l l o v e r  requirement. 

Ford Motor Company argued t h a t  a  l a t e r a l  op t i on  would be 
in isppropr iate i n  Standard No. 208 as long as the present dummy i s  used 
f o r  measurement o f  passive system performance. This quest ion o f  dummy 
use as a  measuring device i s  t rea ted  l a t e r  i n  t h i s  no t i ce .  General 
Motors Corporat ion (GM) supported the op t i on  w i thou t  q u a l i f i c a t i o n ,  
no t i ng  t h a t  the i n s t a l l a t i o n  o f  a  lap b e l t  w i t h  a  passive system "would 
prov ide comparable p r o t e c t i o n  t o  lap/shoulder b e l t s  i n  s ide  and r o l l o v e r  
impacts." Chrysler d i d  not  ob jec t  t o  the opt ion,  bu t  noted t h a t  the lap  
be1 t op t i on  made the t i t l e  o f  54.1.2.1 ("complete passive p ro tec t ion" )  
misleading. Volkswagen noted t h a t  i t s  t e s t i n g  o f  b e l t  systems w i t hou t  
the lap b e l t  p o r t i o n  showed l i t t l e  loss i n  e f f i c a c y  i n  r o l l o v e r  crashes. 
No other  comments on t h i s  proposal were received. The e x i s t i n g  opt ion,  
54.1.2.1 i s  the re fo re  adopted as proposed so t h a t  manufacturers w i l l  be 
ab le  t o  immediately undertake experimental work on passive r e s t r a i n t s  on 
an op t iona l  bas is  i n  conformi ty  w i t h  the Secre ta ry ' s  dec is ion.  

While no t  proposed f o r  change, v e h i c l e  manufacturers commented on a  
selcond i n j u r y  c r i t e r i o n  o f  the standard. A l i m i t a t i o n  o f  the 
acicelerat ion experienced by the dummy thorax dur ing  the b a r r i e r  crash t o  
6019 except f o r  i n t e r v a l s  whose cumulat ive du ra t i on  i s  no t  more than 3 
m i l l i seconds  (ms). U n t i l  August 31, 197Ti the agency has spec i f i ed  the 
Solc i e t y  o f  Automotive Engineers (SAE) "sever i t y  index" as a subst i t u t e  
f o r  the 60g-3ms l i m i t ,  because o f  greater  f a m i l i a r i t y  o f  the indus t ry  
w i t h  t h a t  c r i t e r i o n .  



General Motors recommended t h a t  the  s e v e r i t y  index be cont inued as 
the chest i n j u r y  c r i t e r i o n  u n t i l  a  bas is  f o r  us ing  chest d e f l e c t i o n  i s  
developed i n  p lace o f  chest acce le ra t ion .  GM c i t e d  data which i nd i ca te  
t h a t  chest i n j u r y  from c e r t a i n  types o f  b l u n t  f r o n t a l  impact i s  a  
s t a t i s t i c a l l y  s i g n i f i c a n t  f unc t i on  o f  chest d e f l e c t i o n  i n  humans wh i l e  
no t  a  f u n c t i o n  o f  impact f o r ce  or  sp ina l  acce le ra t ion .  GM suggested 
t h a t  a  s h i f t  from the temporary s e v e r i t y  index measure t o  the 60g-3ms 
measurement would be wastefu l ,  because there  i s  no "s t rong i nd i ca t i on "  
t h a t  the 609-3ms measurement i s  more meaningful than the  seve r i t y  index, 
and some r e s t r a i n t  systems might  have t o  be redesigned t o  comply w i t h  
the new requirement. 

Unl i k e  GM, Chrysler argued against  the use o f  acce le ra t i on  c r i t e r i a  
of e i t h e r  type f o r  the chest and ra the r  advocated t h a t  the standard be 
delayed u n t i l  a  dummy chest w i t h  b e t t e r  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  i s  
developed. 

The Seve r i t y  lndex C r i t e r i o n  a l lows  higher loadings and, therefore,  
increases the  p o s s i b i l i t y  o f  adverse e f f e c t  on the  chest.  I t  on ly  
i n d i r e c t l y  l i m i t s  the acce le ra t ions  and hence the forces which can be 
app l ied  t o  the  thorax, Acce le ra t ion  i n  a s p e c i f i c  impact environment i s  
considered t o  be a  b e t t e r  p r e d i c t o r  o f  i n j u r y  than the Sever i t y  Index, 

NHTSA on l y  al lowed b e l t  systems t o  meet the  Sever i t y  lndex 
C r i t e r i o n  o f  1,000 ins tead o f  the 609-3111s c r i t e r i o n  ou t  o f  cons idera t ion  
f o r  leadt ime problems, no t  because the  Sever i t y  lndex C r i t e r i o n  was 
considered super io r .  I t  i s  recognized t h a t  r e s t r a i n t  systems such as 
lap-shoulder b e l t s  apply more concentrated forces t o  the thorax than a i r  
cushion r e s t r a i n t ,  and t h a t  i n j u r y  can r e s u l t  a t  lower forces and 
acce le ra t i on  l eve l s .  i t  i s  noted t h a t  the Agency i s c o n s i d e r i n g  
rulemaking t o  r e s t r i c t  forces t h a t  may be app l ied  t o  the thorax by the 
shoulder b e l t  o f  any seat b e l t  assembly (41 F R  54961, December 16, 
1976) . 

The t e s t  dummy a l so  represents  a  ba lanc ing between rea l i sm 
(b i o f  i d e l  i ty)  and o b j e c t i v i t y  (repeatabi  1 i ty )  . One-pi ece cas t  metal 
dummies could  be placed i n  the  sea t ing  p o s i t i o n s  and instrumented t o  
r e g i s t e r  crash forces.  One could argue t h a t  these dummies d i d  no t  a c t  
a t  a l l  l i k e  a  human and d i d  no t  measure what would happen t o  a  human, 
bu t  a  lack o f  r e p e a t a b i l i t y  cou ld  no t  be ascr ibed t o  them. A t  the o ther  
end o f  the spectrum, an extremely complex and r e a l i s t i c  sur rogate cou ld  
be s u b s t i t u t e d  f o r  the e x i s t i n g  Pa r t  572 dummy, which would ac t  
r e a l i s t i c a l l y  bu t  d i f f e r e n t l y  each time, as one might  expect d i f f e r e n t  
humans t o  do. 

The e x i s t i n g  Pa r t  572 dummy represents 5 years o f  e f f o r t  t o  prov ide 
a  measuring instrument t h a t  i s  s u f f i c i e n t l y  r e a l i s t i c  and repeatable t o  
serve the  purposes o f  the crash standard. L i k e  any measuring 
instrument,  i t  has t o  be used w i t h  care. As i n  the case o f  any complex 
ins t rumentat ion,  p a r t i c u l a r  care must be exerc ised i n  i t s  proper use, 
and there  i s  l i t t l e  expectat ion o f  l i t e r a l l y  i d e n t i c a l  readings. 



The dummy i s  a r t i c u l a t e d ,  and b u i l t  o f  m a t e r i a l s  t h a t  p e r m i t  i t  t o  
r e a c t  dynamica l l y  s i m i l a r l y  t o  a human. I t  i s  t h e  dynamic r e a c t i o n s  o f  
t h e  dummy t h a t  i n t roduce  t h e  comp lex i t y  t h a t  makes a check on 
r e p e a t a b i l i t y  d e s i r a b l e  and necessary. The agency t h e r e f o r e  devised 
f i v e  c a l i b r a t i o n  procedures as standards f o r  t he  e v a l u a t i o n  o f  the  
impor tan t  dynamic dummy response c h a r a c t e r i s t i c s .  

S ince t h e  s p e c i f i c a t i o n s  and c a l  i b r a t  i on  procedures were 
e s t a b l i s h e d  i n  August 1973, a s u b s t a n t i a l  amount o f  manufac tur ing  and 
t e s t  exper ience has been gained i n  t h e  P a r t  572 dummy. The q u a l i t y  o f  
t h e  dummy as manufactured by the  t h r e e  a v a i l a b l e  domestic commercial 
soirrces has improved t o  t h e  p o i n t  where i t  i s  the  agency's judgement 
t h a t  t h e  dev i ce  i s  a repea tab le  and r e p r o d u c i b l e  as i n s t r u m e n t a t i o n  o f  
such comp lex i t y  can be. As noted,  GM and Ford d i sag ree  and r a i s e d  t h r e e  
issues w i t h  regard  t o  dummy o b j e c t i v i t y  i n  t h e i r  p e t i t i o n s  f o r  
r e c o n s i d e r a t i o n ,  

L a t e r a l  response c h a r a c t e r i s t i c s .  Recent s l e d  t e s t s  o f  t h e  P a r t  
572 dummy i n  l a t e r a l  impacts show a h i g h  l e v e l  o f  r e p e a t a b i l i t y  f rom 
t e s t  t o  t e s t  and r e p r o d u c i b i  1 i t y  f rom one dummy t o  another ( "Eva luat ion  
o f  P a r t  572 Dummies i n  Side Impacts"--DOT-HS-020858) . Fur the r  
m o t l i f i c a t i o n  o f  t he  l a t e r a l  and r o l l o v e r  pass ive  r e s t r a i n t  requirements 
i n t o  an o p t i o n  t h a t  can be met by i n s t a l l a t i o n  o f  a l a p  b e l t  makes the  
l a t e r a l  response c h a r a c t e r i s t i c s  o f  t h e  dummy l a r g e l y  academic. As 
noted i n  N o t i c e  4 o f  Docket 73-8 (42 FR 7148; February 7, 1977) "Any 
manufacturer  t h a t  i s  concerned w i t h  the  o b j e c t i v i t y  o f  t h e  dummy i n  such 
( l a t e r a l )  impacts would p r o v i d e  l a p  b e l t s  a t  t he  f r o n t  s e a t i n g  p o s i t i o n s  
i n  l i e u  o f  conduct ing  t h e  l a t e r a l  o r  r o l l o v e r  tes ts . "  

Whi le  t h e  f r o n t a l  c rash t e s t  can be conducted a t  any angle up t o  30 
degrees f rom pe rpend icu la r  t o  the  b a r r i e r  face, i t  i s  t h e  agency's 
f i n d i n g  t h a t  the  l a t e r a l  f o rces  a c t i n g  on the  t e s t  ins t rument  a r e  
secondary t o  fo rces  i n  t h e  m i d s a g i t t a l  p lane  and do n o t  opera te  as a 
c o n s t r a i n t  on v e h i c l e  and r e s t r a i n t  des ign.  Compliance t e s t s  conducted 
by NHTSA t o  d a t e  i n  t h e  30-degree o b l i q u e  impact c o n d i t i o n  have 
c o n s i s t e n t l y  generated s i m i l a r  dummy read ings.  I n  a d d i t i o n ,  they a r e  
cons ide rab ly  lower than i n  perpend icu lar  b a r r i e r  impact t e s t s ,  which 
renders  them l e s s  c r i t i c a l  f o r  compliance c e r t i f i c a t i o n  purposes. 

[40] 43 F R  21470, May 18, 1978. , 

FMVSS 213, proposal ;  Docket 74-9, N o t i c e  4. 
C h i l d  R e s t r a i n t  Systems . . .  
T h i s  n o t i c e  i s  be ing  issued i n  response t o  p u b l i c  requests.  I t  

wo~uld amend t h e  e x i s t i n g  c h i l d  r e s t r a i n t  s tandard by ex tend ing i t s  
a p p l i c a b i l i t y  t o  a l l  types o f  c h i l d  r e s t r a i n t s  designed f o r  use i n  motor 
v e h i c l e s .  I t  would a l s o  upgrade e x i s t i n g  c h i l d  r e s t r a i n t  performance 
relquirements by improving the  performance c r i t e r i a  and by r e p l a c i n g  
s t a t i c  t e s t s  w i t h  dynamic t e s t s  u s i n g  anthropomorphic c h i l d  dummies. 
The amendments a r e  intended t o  reduce t h e  number o f  c h i l d r e n  under 5 
years  o f  age t h a t  a r e  k i l l e d  o r  i n j u r e d  i n  motor v e h i c l e  acc idents .  



SUMMARY OF PROPOSED AMENDMENTS 

The most s i g n i f i c a n t  amendments proposed by t h i s  n o t i c e  a re  se t  
f o r t h  below: 

(1 )  Dynamic t e s t s  would be used t o  eva luate the performance o f  the 
c h i l d  sea t ing  system i n  a manner which s imulated an ac tua l  v e h i c l e  
crash. The simulated crash would be s t r a i g h t  forward (0 degree f r o n t a l )  
a t  30 m.p.h. 

(3) I n j u r y  c r i t e r i a  would be s p e c i f i e d  f o r  both the head and chest 
o f  the  dummy f o r  c h i l d  r e s t r a i n t s  recommended by t h e i r  manufacturers f o r  
c h i l d r e n  over 20 pounds. Padding requirements would have t o  be met by 
r e s t r a i n t s  t o  be used by c h i l d r e n  weighing not  more than 20 pounds. 
. . t  

TEST DUMMIES 

A six-month o l d  dummy and a three-year o l d  dummy have been 
t e n t a t i v e l y  se lected f o r  t e s t i n g  ch i  l d  r e s t r a i n t  systems under the 
proposed standard. The six-month o l d  dummy was s p e c i f i e d  i n  the 1974 
proposal as be ing o f  " s a i l c l o t h  cons t ruc t i on  f i l l e d  w i t h  p l a s t i c  p e l l e t s  
and lead shot f o r  c o r r e c t  weight d i s t r i b u t i o n . "  The dummy has s ince 
been dynamical ly tested, modi f ied,  and re tes ted  i n  i n f a n t  c a r r i e r s  o f  
th ree  d i f f e r e n t  manufacturers. The new dummy represents an advance i n  
the s ta te -o f - t he -a r t  and i s  v a s t l y  super ior  t o  the  former dummy. Very 
p rec ise  d e f i n i t i o n s  o f  the new dummy are contained i n  a  set  o f  f i v e  
b l u e p r i n t s  and an engineer ing d e s c r i p t i o n  which a re  a v a i l a b l e  i n  docket 
74-9 t o  a 1 1 i n teres ted per sons. 

The t e n t a t i v e l y  se lected three-year o l d  dummy i s  the NHTSA t e s t  
dummy SA103C, a  s l i g h t l y  mod i f ied  ve r s i on  o f  the Alderson Model V I P - 3 C  
dummy. 

l n j u r y  c r i t e r i a  (expressed i n  terms o f  l i m i t s  on r e s u l t a n t  
acce le ra t ion )  a re  proposed f o r  both the head and chest o f  the  thee-year- 
o l d  t e s t  dummy t o  a l low a q u a n t i t a t i v e  eva lua t i on  o f  the dynamic 
performance o f  the c h i l d  r e s t r a i n t s  t o  be made. Th is  approach permi ts  
the measurement o f  padding e f fec t i veness  dur ing  the  dynamic t e s t ,  thus 
e l i m i n a t i n g  any need f o r  a  separate t e s t  f o r  t h a t  purpose and the costs 
assoc ia ted w i t h  such a t e s t .  Since the  cons t ruc t i on  o f  the six-month- 
o l d  dummy prevents i n s t a l l i n g  accelerometers so t h a t  they w i l l  s tay  i n  
p lace w i t h i n  the  dummy dur ing  a t e s t  and g i ve  accurate  measurements, the 
i n j u r y  c r i t e r i a  would apply on iy  t o  r e s t r a i n t s  recommended by t h e i r  
manufacturers f o r  use by c h i l d r e n  weighing over 20 pounds. 
. . .  

Unl i k e  the 1974 proposal ,  t h i s  proposal does no t  con ta in  
requi-rements f o r  l a t e r a l  dynamic t e s t s  and f o r  l i m i t s  on l a t e r a l  
excurs ion.  



3. A new Federal Motor Veh ic le  Sa fe ty  Standard No. 213-80, C h i l d  
R e s t r a i n t  Systems, would be added t o  read as s e t  f o r t h  below. 

571.213-80 Standard No. 213-80; c h i  l d  r e s t r a i n t  systems. 

55.1.2 I n j u r y  c r i t e r i a .  When t e s t e d  i n  accordance w i t h  56.1, each 
c h i l d  r e s t r a i n t  system t h a t ,  i n  accordance w i t h  S5.5.2( f ) ,  i s  
rec~ommended f o r  use by c h i l d r e n  we igh ing more than 20 pounds, s h a l l - -  

(b) L i m i t  t he  r e s u l t a n t  a c c e l e r a t i o n  a t  t h e  l o c a t i o n  o f  t he  
acc:elerometer mounted i n  the  t e s t  dummy upper thorax  as speci f i ed  i n  
P a r t  572 t o  n o t  more than 60g ts ,  except  f o r  i n t e r v a l s  whose cumula t ive  
d u r a t i o n  i s  n o t  more than 3 m i l l i s e c o n d s .  

14\11 44 F R  70204, December 6 ,  1979. 
FMVSS 214, proposal  ; Docket 79-04, N o t i c e  1. 
S ide  Impact P r o t e c t i o n  

, I, . 
SUMMARY: The purpose o f  t h i s  advance n o t i c e  i s  t o  announce t h a t  

t he  Na t iona l  Highway T r a f f i c  Safe ty  A d m i n i s t r a t i o n  i s  cons ide r ing  the  
proposal  o f  an amendment t o  Safe ty  Standard No. 214, Side Door St rength ,  
t o  upgrade motor v e h i c l e  s i d e  impact p r o t e c t i o n  and t o  extend the  
a p p l i c a b i l i t y  o f  t he  s tandard  t o  l i g h t  t r u c k s ,  vans and mu l t i pu rpose  
passenger v e h i c l e s .  (Standard No. 214 now o n l y  appl i e s  t o  passenger 
cars.)  The n o t i c e  a l s o  announced t h a t  a p u b l i c  meet ing w i l l  be h e l d  t o  
pe rm i t  a l l  i n t e r e s t e d  persons t o  p resen t  o r a l  and w r i t t e n  views 
concern i.ng t h e  proposed upgrade o f  t he  standard. 

The standard c u r r e n t l y  s p e c i f i e s  c rush - res i s tance  requirements f o r  
t he  s i d e  doors o f  passenger ca rs  under s t a t i c  t e s t  c o n d i t i o n s .  The 
pr imary  purpose o f  the  contemplated upgrade i s  t o  e s t a b l i s h  performance 
c r i t e r i a  f o r  occupant p r o t e c t i o n  under dynamic c rash t e s t s .  The 
performance c r i t e r i a  t h a t  would be e s t a b l i s h e d  would r e q u i r e  a h igher  
l e v e l  o f  p r o t e c t i o n  f o r  occupants i nvo l ved  i n  s i d e  impact c o l l i s i o n s  
than p r e s e n t l y  e x i s t s ,  and under t e s t  c o n d i t i o n s  t h a t  more c l o s e l y  
approximate rea l -wor ld  crashes. 

Research p r o j e c t s  a re  c u r r e n t l y  underway t o  generate data  
concern ing occupant compartment i n t e g r i t y  and ways t o  reduce occupant 
i n - j u r i e s  by changing s i d e  door s t r u c t u r e s  and m o d i f y i n g  v e h i c l e  
i n t e r i o r s .  Data from these and o t h e r  s t u d i e s  w i l l  be used t o  upgrade 
Stisndard No. 214. The pr imary  t h r u s t  o f  t he  new s tandard  w i l l  be t o  
develop performance requ i rements based on dynami c c rash t e s t s  
r e p r e s e n t i n g  r e a l - w o r l d  acc idents ,  r a t h e r  than the  l a b o r a t o r y  type 
s t a t i c  c rush t e s t s  o f  t he  e x i s t i n g  r u l e .  I t  i s  a n t i c i p a t e d  t h a t  
performance would be determi ned by measur i ng the  fo rces  (acce 1 e r a t  i ons) 
t o  which v e h i c l e  passengers, s imula ted by instrumented t e s t  dummies, a r e  



subjected when t h e i r  v e h i c l e  i s  s t ruck  i n  the s ide  by a moving b a r r i e r  
t h a t  represents another veh ic le .  The agency i s  invo lved i n  fou r  major 
areas o f  a c t i v i t y  t o  es tab l i sh  such performance requirements: 

1 .  Development o f  a t e s t  procedure, inc lud ing  the development o f  a 
moving b a r r i e r  impactor t o  s imulate  t he  s t r i k i n g  veh ic le .  

2.  Development o f  an instrumented t e s t  dummy and the establ ishment 
o f  appropr ia te  i n j u r y  c r i t e r i a .  

3. Development o f  veh ic les  t h a t  can be used t o  demonstrate 
improved performance i n  s ide  impact crashes. 

k . ,  'Analysis o f  e x i s t i n g  acc ident  data i n  fur therance o f  the other 
th ree  a c t i v i t i e s .  . . .  

DEVELOPMENT OF AN ANTHROPOMORPH l C TEST D E V l  CE (DUMMY) 

The t e s t  dummy i s  a key element i n  the development and a p p l i c a t i o n  
o f  a new s ide  impact p r o t e c t i o n  r egu la t i on .  I t  i s  an important p a r t  o f  
the f i n a l  r e g u l a t i o n  because o f  the need f o r  an o b j e c t i v e  measuring 
dev i ce. 

The dummy s e l e c t i o n  process inc luded a search f o r  an e x i s t i n g  dummy 
t h a t  would be appropr ia te  f o r  use i n  the upgraded s ide  impact 
r egu la t i on .  The i n v e s t i g a t i o n  began w i t h  two e x i s t i n g  dummies t h a t  have 
the p o t e n t i a l  f o r  be ing used i n  s ide  impact t e s t i n g .  One o f  these i s  
the  Par t  5 7 2  anthropomorphic t e s t  dev ice t h a t  i s  spec i f i ed  f o r  use i n  
e x i s t i n g  occupant p r o t e c t i o n  sa fe ty  standards. Th is  dummy has the 
advantage o f  be ing a proven p iece o f  equipment w i t h  extens ive 
documentation and t e s t i n g .  The second dummy i s  one developed a t  the 
Transport  and Road Research Laboratory (TRRL) i n  the Uni ted Kingdom. 
That dummy has the advantage o f  having been developed s p e c i f i c a l l y  f o r  
use i n  s i de  impact t es t s .  

An i n i t i a l  study was done by the  NHTSA i n  1975 t o  eva luate the 
response o f  these dummies i n  l a t e r a l  impacts. Th is  was fo l lowed by a 
more recent  program which included t e s t i n g  under add i t i ona l  s ide  impact 
cond i t i ons .  Based on the  r e s u l t s  o f  these t es t s ,  the agency decided 
t h a t  ne i t he r  dummy was adequate i n  a l l  respects and t h a t  a new o r  
rev ised  dummy was necessary f o r  use i n  eva lua t ing  s ide  impact 
p ro tec t i on .  Therefore, the NHTSA p lans t o  use the Par t  572 as the bas ic  
dummy, making those changes t h a t  a re  necessary i n  the  thorax and 
shoulder t o  adequately measure i n j u r y  response i n  s i de  impact 
c o l l i s i o n s .  I n  a d d i t i o n  t o  t h e  dummy which i s  being developed by  the 
NHTSA, there a re  o ther  dummies which have recen t l y  been developed f o r  
use i n  s ide  impact work. The NHTSA w i l l  conduct a p a r a l l e l  eva lua t ion  
and t e s t  program o f  these dummy designs t o  es tab l i sh  the relevancy and 
q u a l i t y  o f  t h e i r  response f o r  use i n  s i de  impact app l i ca t ions .  

Quest ions on dummy design which a re  as ye t  unanswered and f o r  which 
the  agency seeks s p e c i f i c  comments inc lude:  



(1) Does t h e  t e s t  dummy used i n  s i d e  impact p r o t e c t i o n  t e s t i n g  
need an arm (impact s ide)  t o  be acceptab le  as a  human sur rogate? Does 
t h e  presence o f  an arm c r e a t e  speci,al problems i n  dummy response? 

(2)  I s  a  m o d i f i e d  P a r t  572 dummy t h e  b e s t  a p p r o p r i a t e  t e s t  dev i ce  
t h a t  can c u r r e n t l y  be found? 

PERFORMANCE CRITERIA AND LEVELS 

The agency contemplates deve lop ing thorac  i c  and head i n j u r y  
c r i t e r i a  and performance requirements t o  prevent  occupant e j e c t i o n  f rom 
t h e  v e h i c l e .  The p r imary  b a s i s  f o r  development o f  a  c r i t e r i a  f o r  
l i m i t i n g  chest  i n j u r i e s  i n  s i d e  impact acc iden ts  c o n s i s t s  o f  human 
su r roga te  t e s t s  which have been r u n  i n  t h e  Un i ted  S ta tes  and Europe. 
Conipar i ng the  r e s u l  t s  o f  these t e s t s  w i t h  t h e  consequences o f  rea  1 -wor 1 d  
acc iden ts  has been i n i t i a t e d ,  b u t  has n o t  progressed t o  the  p o i n t  o f  
p r o v i d i n g  ad jus ted  es t imates  o f  an a p p r o p r i a t e  performance c r i t e r i a .  
The c r i t e r i a  c u r r e n t l y  be ing  cons idered by t h e  agency a r e  es t imates  o f  
the! t h r e s h o l d  f o r c e  l e v e l  between AIS 3 and AIS 4 i n j u r i e s  t o  the  chest  
( t h e  A I S  s c a l e  i s  an i n j u r y  s e v e r i t y  index) .  The r a t i o n a l e  beh ind t h e  
cho ice  o f  t h i s  l e v e l  i s  t h a t  i n j u r i e s  which a r e  judged t o  be AIS 4, 5, 
o r  6 a r e  considered t o  be 1 i f e - t h r e a t e n i n g  and have a  h i g h  probabi  1 i t y  
o f  r e s u l t i n g  i n  a  f a t a l i t y .  Under t h e  proposed c r i t e r i a ,  i n j u r y  l e v e l s  
c o i ~ l d  n o t  be g rea te r  than t h e  f o r c e s  on t h e  t e s t  dummy's chest  judged t o  
be e q u i v a l e n t  t o  A I S  3 i n j u r i e s .  Thus, most l i f e - t h r e a t e n i n g  chest  
i n j u r i e s  t o  t h e  v i c t i m s  o f  crashes covered by t h i s  r e g u l a t i o n  would be 
e l im ina ted .  

Based on the  work w i t h  human sur rogates ,  t h e r e  a re  th ree  schools o f  
thought  concern ing the  proper c r i t e r i a  f o r  measuring performance i n  s i d e  
impact p r o t e c t i o n .  One school concludes t h a t  ches t  d e f l e c t i o n  i s  t he  
b e s t  measurement o f  i n j u r y  t o  v i c t i m s  o f  s i d e  impacts. The most recen t  
work i n  t h i s  area has been done a t  t he  Peugeot-Renault Assoc ia t ion .  The 
r e s u l t s  o f  t h i s  work suggest t h a t  a  l i m i t  o f  4.5 cm on chest  d e f l e c t i o n  
i s  a  proper c r i t e r i o n .  A second school o f  thought  concludes t h a t  t he  
a c c e l e r a t i o n  s i g n a l s  f rom s p i n a l  accelerometers p r o v i d e  the  b e s t  source 
o f  da ta  f o r  p r e d i c t i n g  i n j u r y .  The r e s u l t s  o f  t h i s  work suggest two 
c r i t e r i a  f o r  use i n  improving occupant p r o t e c t i o n  i n  s i d e  crashes: (1) a  
limit o f  40G (3 msec) on t h e  peak a c c e l e r a t i o n  i n  t h e  l a t e r a l  d i r e c t i o n ;  
and (2) a  l i m i t  o f  120,000 f t -1b /sec  (160 k i l o w a t t s )  on the  peak r a t e -  
of--change o f  energy i n  t h e  l a t e r a l  d i r e c t i o n .  T h i s  work i s  summarized 
i n  a  paper by B u r g e t t  and Hackney g i ven  a t  t h e  7 t h  ESV Conference i n  
Jurie 1979 (Docket 79-04; General Reference) . The t h i  r d  school o f  
thought  i n  t h i s  area ho lds  t h a t  t he  change o f  v e l o c i t y  o f  t he  near s i d e  
r i b  i s  a  good measure o f  i n j u r y .  T h i s  work has r e s u l t e d  i n  severa l  
suggested c r i t e r i a  which a r e  based p r i m a r i l y  on t h e  l a t e r a l  change o f  
v e l l o c i t y  o f  t h e  near s i d e  r i b .  One c r i t e r i o n  would l i m i t  t he  v e l o c i t y  
change t o  30 f t / s e c .  The d e t a i l s  o f  t h i s  work a r e  conta ined i n  t h e  
progress  r e p o r t s  on NHTSA c o n t r a c t  number DOT-HS-4-00921. . <, . 

Quest ions  about performance c r i t e r i a  which a r e  as y e t  unanswered 
and f o r  which the  agency s p e c i f i c a l l y  seeks comments inc lude:  



(1) Is it appropriate to base a performance criteria solely on the 
results of cadaver tests? Are these data sources other than those used 
by NHTSA which are suitable for development of performance criteria? 

(2) Are there parameters other than those presented here which 
would be more appropriate for establishing performance requirements, 
e.g., chest severity index? 

(3) What are the advantages and disadvantages of the various 
criteria that are set forth here? What methods for evaluating various 
criteria are available? Can the various criteria provide accurate 
predictions of injuries and fatalities occurring in real accidents? Are 
the various criteria sufficiently distinct in the compliance test 
environment to generate meaningful dummy response? 

(4) Are the injury criteria keyed to the most appropriate AI S 
level (i .e., not greater than AIS 3)? 

[42] 44 FR  72 131, December 13, 1979. 
FMVSS 213, rule; Docket 74-9, Notice 6. 
Child Restraint Systems Seat Belt Assemblies and Anchorages 

SUMMARY: This rule establishes a new Standard No. 213, Child 
Restraint Systems, which applies to all types of child restraints used 
in motor vehicles. It also upgrades existing child restraint 
performance requirements by setting new performance criteria and by 
replacing the current static tests with dynamic sled tests that simulate 
vehicle crashes and use anthropomorphic child test dummies. The new 
standard would reduce the number of children under 5 years of age killed 
or injured in motor vehicle accidents. 

Several manufacturers (GM, Ford, Questor, and others) and JPMA 
objected to the proposed head and chest acceleration limits that must 
not be exceeded in the dynamic testing. They argued that the 
acceleration limits are based on biomechanical data for adults and there 
is no data showing their applicability to children. Because of the lack 
of biomechanical data on children's tolerance to impact forces, NHTSA 
has conducted tests of child restraints with live primates to serve as 
surrogates for three-year-old children. Primates are similar in certain 
respects to children and have been used by GM, Ford, and others as 
surrogates in chi ld restraint testing to assess potential injuries to 
children in crashes. In simulated 30 mph crashes conducted for NHTSA, 
similar to the test prescribed in the proposed standard, the primates 
either were not injured or sustained only minor injuries. NHTSA has 
also conducted child restraint tests using instrumented test dummies 
representing three-year-old children instead of primates. I n  the tests, 
the forces measured on the test dummies, which had not been injurious to 
the primates, did not exceed the head and chest accelerations criteria 
proposed in the standard. NHTSA is thus confident that the child 



r e s t r a i n t s  which do n o t  exceed these performance c r i t e r i a  i n  t h e  
p r e s c r i b e d  t e s t s  shou ld  prevent  o r  reduce i n j u r i e s  t o  c h i l d r e n  i n  
crashes. 

Use o f  instrumented t e s t  dummies should n o t  undu ly  r a i s e  the  p r i c e  
o f  c h i l d  r e s t r a i n t s .  Since many c h i l d  r e s t r a i n t  systems a re  a l ready  
c l o s e  t o  compliance, t h e  c o s t  per r e s t r a i n t  o f  any needed des ign and 
t e s t i n g  cos ts  should be minimal .  . . .  

55.1.2 I n j u r y  c r i t e r i a .  When t e s t e d  i n  accordance w i t h  S6.1, each 
c h i l d  r e s t r a i n t  system t h a t ,  i n  accordance w i t h  55 .5 .2 ( f ) ,  i s  
recommended f o r  use by c h i l d r e n  we igh ing more than 20 pounds, s h a l l - -  
. . .  

(b) L i m i t  t he  r e s u l t a n t  a c c e l e r a t i o n  a t  t he  l o c a t i o n  o f  t h e  
accelerometer mounted i n  t h e  t e s t  dummy upper tho rax  as s p e c i f i e d  i n  
P a r t  572 t o  n o t  more than 60 g ' s ,  except  f o r  i n t e r v a l s  whose cumula t ive  
d u r a t i o n  i s  n o t  more than 3 m i l l i s e c o n d s .  

S5.2.2 Torso impact p r o t e c t i o n .  Each c h i l d  r e s t r a i n t  system o the r  
than a  car bed s h a l l  comply w i t h  t h e  a p p l i c a b l e  requirements o f  55.2.2.1 
and S5.2.2.2. 

(a) The system s u r f a c e  p rov ided  f o r  t he  suppor t  o f  t he  c h i l d ' s  
back s h a l l  be f l a t  o r  concave and have a  cont inuous s u r f a c e  area o f  n o t  
l e s s  than 85 square inches.  

(b) Each system su r face  p rov ided  f o r  support  o f  t he  s ide  o f  t h e  
c h i l d ' s  t o r s o  s h a l l  be f l a t  o r  concave and have a  cont inuous su r face  o f  
n o t  l e s s  than 24 square inches f o r  systems recommended f o r  ch i  l d r e n  
we igh ing 20 pounds o r  more, o r  48 square inches f o r  systems recommended 
f o r  c h i l d r e n  weighing l e s s  than 20 pounds. 

(c) Each h o r i z o n t a l  cross s e c t  i o n  o f  each system su r face  designed 
t o  r e s t r a i n  fo rward  movement o f  t h e  c h i l d ' s  t o r s o  s h a l l  be f l a t  o r  
concave and each v e r t i c a l  l o n g i t u d i n a l  c ross  s e c t i o n  s h a l l  be f l a t  o r  
coinvex w i t h  a  r a d i u s  o f  c u r v a t u r e  o f  t he  u n d e r l y i n g  s t r u c t u r e  o f  n o t  
l e s s  than 3 inches. 
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TABLE 12 

Driver Chest Injury 
Object Contacted: Steering Wheel 

Car-to-Car Crash, Front Crush 

UMIVOR 
CASE NO. 

1574,l 
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15291 
15181 
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35331 
3453 1 
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34001 
38942 
39272 
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39561 
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40042 
4006 1 
10081 
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15881 
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403 1 1  
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UflIVOR NUflBER 30672 1523 ON 10/ 6/79 
1979 2-door sedan or coupe (any upp MRKE CODE - 12204 SERIES CODE - 1711 
CCISE VEtiICLE UEIGHT - 2548 LB. VDI = lFRtlU1 ttFiX. CRUSH = 1 
STRUCK VEtIICLE UEIGI-IT - 3214 LB. VDI = 9LFEU1 MRX. CRUSH = 4 
BflRRIER EQUIVRLENT VELOCITY FROM VDI - 3.6 M.P.H. 
L- 20.2 C1- 0.0 C2= 2.4 C3= 2.4 C4= 4.8 D= 20.2 

BODY REGION 
DIRECTION 
TYPE INJURY 
00DY ELEtlENT 
INJURY LEVEL 

Chest tiead/skull Face Knee 
Unknoun Rlght Unknown Rlght 
Contusion Concussion Contuslon. Con tuslon 
Integumentary 0ra ln  Integumentary Integumentary 
fl lnor Moderate tl lnor fllnor 

GRID OF POINTS RT 10" BY 10" SPflCING 
. . OBJECTS CONTRCTED 

Steerlng uheel 
Ulndshleld 

I - - I  Surf ace o f  slde l n t e r l  

. . . .  I I 

PERK RCCELERflTION = 2.2 G UNITS RGE = 38 
CRUSH ENERGY = 12968. HEIGHT - 74 
nnss FRCTOR - 1-333 I I E I G I ~ T  - 220 

SEX = nnLE 

FIGURE 35 

Ulndshleld 
Lower instrument panel 

. . - .  I . . . .  . . . .  
- . . -  
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UflIVOR NUllUER 38651 2234 ON 10/ 4/79 
1979 2-door sedan or coupe (any upp HRKE CODE - 11506 SERIES Coil€ - 333 
CflSE VEtiICLE UEIGHT - 3 3 4 9  LB. VDI = 12FDEW2 flclx. CRUSH = 17 
STRUCK VEHICLE UEIc!!T ;. 35274 LB. V ~ I  5 ! !~~r?u l !  ....... MFlY rRIISCI -..--.. 
BnflRIER EQUIVALENT VELOCITY FROfl VDI = 22.6 fl.P.tI 
L- 67.2 c1- 15.6 c2= 15.6 c3= 15.6 c4= 15.6 n= 0.0 

BODY REGION Chest Chest Face Knee 
DIRECTION L e f t  Unknown Superlor/upper R lght  
TYPE INJURY Fracture Contusion nbraslon flbraslon 
BODY ELEflENT Ske le ta l  Integumentary Integumentary Integumentary 
INJURY LEVEL tllnor rllnor Hlnor I l lnor  

-- -- - - - -. -- 

GRIO OF POINTS CIT 10" BY 10" SPCLCING 
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

OD JECTS CONTRCTED 

. . . . . . . . . . . . . . . . . . . . . . . . .  Ulndshleld 

. . .  Control  knob(s1 and l e  

. . .  . . .  . . . . . . .  - . . .  I Steer lng uhccl 

. . .  . . . . . . .  --- Steer lng uhecl 
. - . .  - Steer lng uheel 

. . . . . . . . . . . . . . . . . . . . . . . . .  R l r  condltlonlng or  ve . . . . . . . . . . . . . . . . . . . . . . . . .  

PEnK RCCEL_ERfiTION - 24.2 G UNITS C-IGE - 55 
CRUSH ENERGY = 686706. IIEIGIiT - 70 
MRSS FCLCTOR - 1.000 

FIGURE 36 



UMIVOR NUflBER 37001 1605 ON 4/ 3/79 
1976 2-door sedan or coupe (any upp HOKE CODE - 11401 SERIES CODE - 612 
CRSE VEt1ICLE WEIGHT - 3054 LB. VDT a lFREU3 MRX. CRUSH = 14 
STRUCK VEHICLE WEIGHT = 3505 LB. VDI = lOLFEW3 HfiX. CflUSH = 14 
BRRRIER EOUIVfiLENT VELOCITY FROfl VDI  = 15.0 I1.P.H. 
La 24-2 C1- 0.0 C2= 14.0 C3= 14.0 C4= 28.1 D= 24.2 

-- 

BODY REGION Chest Head/skull Shoulder 
DIRECTION Central  Superlor/upper B l l a t e r a l  
TYPE INJURY Con tuslon Contuslon Paln 
BODY ELEtlENT Integumentary Integumentary Muscles 
INJURY LEVEL t l lnor Mlnor Mlnor 

C;flID OF POINTS RT 10" f3Y 10" 

PERK nCCELERnTION - 8.2 G lJNPTS W E  - 32 
CRUSti ENERGY - 345063. IIEIGHT - 61 
tinss F ~ C T O R  - 1.333 UEIGHT - 116 

SEX = FEtlflLE 

OBJECTS CONTGCTED 
Ulndstrleld . 

Iapact  Force, "uhlplas 
Steerlng wheel 

FIGURE 37 



UHIVOR NUtlBER 35331 1905 ON 11/27/78 
1977 2-door sedan or coupe (any upp tlRKE CODE - 13201 SERIES CODE - 738 
COSE VEHICLE UEIGtlT - 3510 LB. VDI - lFZEW2 HflX. CRUSH = 23 
STRUCK VEIiICLE UEIGt1T - 3340 LB. VDI = 12FDEW2 HRX. CRUSII = 5 
BCtRRIER EOUIVRLENT VELOCITY FROH VClI - 12.1 H.P.li. 
L- 44.4 C1- 0.0 C2= 7.8 C3= 7.0 C4= 15.6 D= 11.2 

BODY REGION 
DIRECTION 
TYPE INJURY 
BODY ELEMENT 
INJURY LEVEL 

Chest Head/skull Knee Leg (lower) 
El l la tera l  Superlor-/upper Bilateral Bilateral 
Contuslon Concussion Con tuslon Paln 
Skeletal  Bra ln  Integumentary tlusclcs 
H l  nar tloderate Hlnor i l l nor  

-D OF POINTS RT 10" BY 
OBJECTS CONTRCTED 
f l l r r o r  
Steerlng wheel 
Louer lnstruacnt panel 
Lower lnstruucnt panel 

PEOK nCCELERR710N - 9.5 G UNITS RCE = 53 
CRUSI-1 ENERGY = 204280. tIEICtIT = 66 
t1nSS FflCTOR - 1.333 UE1C;IiT - 147 

SEX = FEMRLE 

FIGURE 38 



UflIVOR NUtlBER 34531 1444 ON 9/26/70 
1977 2-door sedan or coupe (any upp nRKE CODE - 11507 SERIES CODE - 333 
CRSE VEHICLE UEIGIiT - 3803 LB. VDI - 12FYEU3 H ~ X .  CRUSH = 27 
STRUCK VEHICLE UEIGtIT - 3570 LB. VDI  = llFYEU3 WlX. CRUSH = 29 
RRRRIER EQUIVRLENT VELOCITY FROtl VDI  - 18.4 C1.P.H. 
L- 47.9 C1= 20.1 C2- 14.0 C3= 14.0 C4- 0.0 D= -12.1 

BODY REGION 
DIRECTION 
TYPE INJURY 
BODY ELEtlENT 
INJURY LEVEL 

Chest Chest tlead/skull Face 
Central  Rlght  Superlor/upper I n f  er lor / louer  
Con tuslon Paln Lacerat ion Lacerat lon 
Integuaentar y i luscles Integunrir~tary Integumentary 
Mlnor l l l nor  t l lnor t l lnor 

GRID OF POINTS FiT 10" BY 10" SPRCING 

PERK nCCELERflTION - 14.2 G UNITS 
CRUSH ENERGY = 512954. 
MOSS FnCTOR = 1.000 

OBJECTS CONTRCTED 
Ulndshleld 
Ulndshleld 
Steerlny wheel 
Steerlng wheel 
1-ower instrument panel 
Stcerlr lg ulieel 
Steerlny wheel column 

CIGE - 45 
HEIGIiT - 72 
IJEIGHT - 194 
SEX = HnLE 

FIGURE 39 





UHIVOR NUtlDER 34001 1200 ON 7/14/78 
1975 Sta t lnn  uagnn nnKE CODE - 14101 SERIES CODE - 1152 
CRSE VEtITCLE UEIGHT - 3944 LB. VDI - 12FDEW2 flf3X. CRUSH = 12 
STRUCK VEHICLE WEIGHT - 3565 LB. VDI = 46BDEU2 HRX. CRUSH = 7 
BFIRRIER EOUIVRLENT VELOCITY FROM VDI = 24.1 I1.P.ti. 
L- 72.6 C1- 16.0 C2= 16.8 C3= 16.8 C4= 16.8 D= 0.0 

BODY REGION 
DIRECTION 
TYPE XNJtJRY 
BODY ELEMENT 
INJURY LEVEL 

Chest Face 
Central  Superlor/upper 
Con tuslon Laceration 
Integumentary Integumentary 
Hlnor I l lnor  

GRID OF POINTS QT 10" BY 10" SPnCING 
OBJECTS CONTRCTEO 
Ulndshleld 

PERK nCCELERnTION - 24.4 C UNITS flGE - 27 
CRUSH ENERGY - 9 16899. tIEIGt1T - 7 2  
MnSS FOCTOR = 1.000 U E I T  = 227 

SEX = MRLE 

FIGURE 41 



UflIVOR NlitlDER 3894 2 1315 ON 10/31/79 
1977 2-door sedan or  coupe (any IIP~ llnKE CODE - 11205 SERIES CODE - 1021 
CRSE VEliJCLE UEIGI1T = 4107 LB. V O I  = 12FDEU2 MRX. CRUSH = 15 
STRlJCK VEtIICLE UEIGtiT = 3301) Lfl. VD I  = 9900000 
8nRRIER EQUIVQL-ENT VEl-OCITY FROII V D I  = 23.4 t1.P.tI. 
L- 72.6 C1= 16.0 C2= 16.8 C3= 16.8 C4= 16.8 D= 0.0 

DOOY REGION 
DIRECTION 
TYPE INJUI?Y 
aoDY ELE~IENT 
INJURY LEVEL 

Chest f lnkle/foot Face Back 
Centra l  R lgh t  I n f e r l o r / l o u e r  Cent ra l  
C o n t u s f o ~ ~  Laceration Rbraslon Pa ln  
Integuarentary Integumentary Olgest lve Muscles 
tllnor- tlnder-ate . Ill nor Mlnor 

OBJECTS CONTRCTED 
Steer-lny utleel 

- Impact force. "uhlplas 
Stcer lng uheel 

-- 7 - ~ x r c r l n y  u l l r r l  

Foot con t ro ls  ( l nc l ud l  
Ulridslile Id 

PERK nCCELERflTION - 23.0 1; UNITS C-IGE = 54 
CRUSII ENERGY = 9 163899. I IEIGIIT = 57 
tlnSS FnCTOR = 1.000 UEIGliT - 130 

SEX = FEflOl-E 

FIGURE 42 



UHIVOR NlJflBER 39272 2145 ON 12/14/79 
1977 4-door sedan HOKE CODE - 11205 SERIES CODE - 1021 
CRSE VEHICLE UEICtiT = 4222 LB. VDI - lFREEI HRX. CRUSH = 7 
STRUCK VEHICLE UEIGHT - 3894 LB. VDI = lOLFEE2 HBX. CRUSH = 11 
BflRRIER EOUIVRLENT VELOCITY FROfl VDI = 4.2 M.P.H. 
L- 24.2 C1= 0.0 C2= 2.8 C3= 2.0 C4= 5.6 D= 24.2 

BODY REGION Chest I iead/skull Face Knee 
DIRECTION Rlght  Rlght B l l a t e r a l  L e f t  
TYPE INJURY Contuslon Con tuslon Contusion Contuslon 
BODY ELEflENT Integumentary Integu~aentary Eyedears Integumentary 
INJURY LEVEL f l lnnr t l lnor t l lnor f l lnar 

PERK ~CCELERRTION - 2.3 G UNITS RGE - 68 
CRUSH ENERGY = 30309. IIEIGHT - 66 
HRSS FRCTOR - 1.333 UEIGl-IT - 130 

SEX = FEflRLE 

GRID OF POINTS BT 10" BY 10" SPflCING 
OBJECTS CONTflCTED . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  Ml r ro r  . . . . . . . . . . . . . . . . . . . . . . . . .  11  
f l l r r o r  

FIGURE 43 

. . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

1 

1 1  
--- 

Louer Instrument panel 
Stccr lng wheel 
Front  scat-back(s1 
Front  seat-backtsl 
Steerlny uhecl coluan 





UMIVOR NUHBER 39561 2105 ON I/  io/eo 
1979 Hatchback MflKE CODE = 13410 SERIES CODE - 527 
COSE VEHICLE WEIGHT - 2121 LB. VDI - 12FLEW1 H ~ X .  CRUSH = 7 
STRUCK VEHICLE UEIGHT - 3677 LB. VOI = 9900000 
BFIRRIER EQUIVFILENT VELOCITY FROM VDI = 3.4 M.P.H. 
L- 20.2 C1= 4.8 C2= 2.4 C3= 2.4 C4= 0.0 D= -20.2 

BODY REGION 
DIRECTION 
TYPE INJURY 
BODY ELEflENT 
INJURY LEVEL 

- - 

Chest klead/skull Knee 
Bilateral L e f t  Bilateral 
Contuslon Laceratlon Contuslon 
Integumentary Integumentary Integumentary 
fll nor Mlnor Mlnor 

GRID OF POINTS RT 10" BY SPRCING 
- -- 

OBJECTS CONTRCTEO 
Ulndshleld 
Steerlng wheel 
Steerlng uheel column 
Louer lns  truaent panel 

PEnK NXELERflTION - 2.3 G UNITS flGE - 24 
CRUStl ENERGY = 9727. HEIGHT - 64 
MflSS FRCTOR - 1.000 UEIQIT - 99 

SEX - FEHfiLE 

FIGURE 45 





UMIVOR NUMBER 40042 1700 ON 2/25/80 
1980 2-door sedan or coupe (any upp flRKE CODE - 11308 SERIES CODE - 129 
CRSE VEHICLE UEIGHT - 3115 LB. VDI = 12FYEU1 flnx. CRUSH = 6 
STRUCK VEHICLE WEIGHT - 4021 LR. VDI = lFREE1 I1RX. CRUSI-I = 6 
BRRRIER EQUIVRLENT VELOCITY FROtl VDI  = 4.6 tl.P.t1. 
L- 44.4 C1- 5.2 C2= 2.6 C3- 2.6 C4= 0.0 D- -11.2 

BODY REGION 
DIRECTION 
TYPE INJURY 
BODY ELEflENT 
INJURY LEVEL 

Chest Head/skull Neck Leg (lower) 
B l l a t c r a l  Superlor/upper Posterlor/back B l l a t e r a l  
Contuslon Con tuslon Paln Con tuslon 
Integumentary Integumentary fluscles Integumentary 
Hlnor Hlnor t l lnor t l lnor 

GRID OF POINTS flT 10" BY 10" SPnCING 
OBJECTS CONTflCTED . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  Wlndshleld 

. . . . . . . . . . . . . . . . . . . . .  Steerlna uheel . . . . . . . . . . .  : - I :  : : : a . . . I  . . . . . . . .  I" I Im~~.vact force. * * v ~ l p l a s  
. . .  . . . . . . .  . . . I  . . . .  : : : : r  . . . . . . . .  j . . . .  I I '  I---------J ~ o u e r  instrument oanei . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . .  . . . .  I I . . . I  I . :  . . . -  J 

PEnK nCCELERflTION - 4.0 G UNITS RGE - 51 
CRUSt1 ENERGY = 26024. IIEIGIiT - 68 
M ~ S S  FRCTOR - 1-000 UEIC~IT - 156 

SEX = FEMRLE 

FIGURE 47 





UflIVOR NUMBER 40081 1803 ON 3/ 2/00 
1978 Hatchback IlFlKE CODE - 11304 SERIES CODE - 152 
CRSE VEHICLE WEIGHT - 2738 LO. VDI - ~ ~ F Y E W I  nnx. cnusti = lo 
STRUCK VEHICLE WEIGHT = 3336 LB. V O I  - 12FLEN2 flFlX. CRUSH = 19 
BARRIER EQUIVALENT VELOCITY FROH VDI = 4.0 tl.P.tl. 
L- 40.1 C1- 4.0 C2= 2.4 C3= 2.4 C4= 0.0 D= -10.1 

BODY REGION 
DIRECTION 
TYPE INJURY 
BODY ELEflENT 
INJURY LEVEL 

Chest Head/skull Neck f l r m  [upper) 
B l l a t c ra l  Superlor/upper ~ost&lor /back L e f t  
Contusion Concussion Paln Contusion 
Integunentary Braln ~ u s c l e s  Integumentary 
tllnor floderate fl lnor nlnor 

GRID OF POINTS OT 10" BY SPOCING 
OBJECTS CONTRCTED 
Ulndshleld . 

Steerlng wheel 
Impact force. "uhlplas 
Surface of slde l n t e r l  
Lower instrument panel 
Steering wheel 
f l -p l l la r  

PERK nCCELERflTION = 4.0 G UNITS RGE = 23 
CRUSH ENERGY = 25703. IIEIGHT - 66 
nnss FRCTOR = 1.333 WEIG~IT - 119 

SEX = flflLE 

FIGURE 49 





1JflIVOR NUMBER 15881 1000 ON 1/15/79 
1970 4-d00r sedan HAKE CODE = 12106 SERIES CODE - 233 
CASE VEHICLE WEIGHT - 3250 LB. VDI - 1FDEU2 HRX. CRUSH = 13 
STRUCK VEHICLE WEIGHT = 2681 LB. VDI = 9LZEU2 HflX. CRUSH = 7 
BnRRIER EQUIVFILENT VELOCITY FROM VDI - 20.7 M.P.H. 
L= 67.2 C 1= 7.8 C2= 10.4 C3= 13.0 C4= 15.6 D= 0.0 

BODY REGION 
DIRECTION 
TYPE INJURY 
BODY ELEtlENT 
INJURY LEVEL 

Chest Clead/skull Forearm Leg (lower1 
Uhole reglon Lc f  t L e f t  B l l a t c ra l  
Paln Laceration Contuslon Contuslon 
Muscles Integumentary Integuaentary Integumentary 
fl lnor Hlnor f l lnor Hlnor 

PEnK RCCELERflTION - 22.1 (; UNITS nCE - 56 
CRUSII ENERGY 558157. IiEIGHT - 66 
flflSS FUCTOH - 1.333 UEIGt IT - 130 

SEX = FEhflLE 

GRID OF POINTS RT 10" BY 10" SPf-ICING 
OBJECTS CONTRCTED . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  Mlrror 
Steerlng uhcel 

FIGURE 51 

1 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

1 

11 - 

1 Loner lnstrunent panel 
Front scat-back(s) 
Head res t ra ln t  
Floor 



UflIVOR NUMBER 16721 1600 ON 101 5 /79  
1979 Hatchback MnKE CODE - 11318 SERIES CODE - 126 
CflSE VEHICLE WEIGHT - 2110 LEI. V D I  - 11FYEU3 tlflx. CRUSH = 23 
STRUCK VEHICLE FEICHT = 37!3 Lg. = 53fifiGGfi 
BRRRIER EQUIVnLENT VELOCITY FROtl VDT = 20.4 H.P.t-. 
L- 40.1 C1= 23.8 C2= 11.9 C3= 11.9 C4- 0.0 D= -10.1 

BODY REGION 
DIRECTION 
TYPE INJURY 
BODY ELEnENT 
INJURY LEVEL 

Chest Face Face Elbow 
Rlgh t  Superlor/upper L e f t  L c f  t 
Contuslon Lacerat lon Laceration Contuslon 
Integumentary Integumentary Integumentary Integumentary 
n l n o r  f l l no r  f l lnor  f l lnor  

GRID OF POINTS nT  10" BY 10" SPQCItJC; 

PERK flCCELERRTION - 18.6 G 
CRUSH ENERGY - 352382. 
HRSS FnCTOR - 1.333 

UNITS 

FIGURE 52 

OBJECTS CONTnCTED 

1 1  Ulndshle ld  
R - p l l l a r  

1 

1 

1 1  

1 Surface o f  s ldc  l n t c r l  
Steer lng whet1 
S teer lng uheel 
Steer lng wheel column 
Surface o f  s lde l n t e r l  
Wlndshleld 

flGE - 30 Louer lnstrument panel 
IIEIGHT - 74 Lower l n s  t ruaent panel 
WEIGHT - 229 Wlndou glass (s ldel  
SEX = flClLE 





UMIVOR NUtlBER 34732 1040 ON 10/22/70 
1976 2-door sedan or coupe (any upp HOKE CODE - 11401 SERIES CODE - 612 
CGSE VEHICLE WEIGHT - 3836 LB. VDI - 12f Z E U ~  nnx. CRUSH = 31 
STRUCK VE!?ICLE WEIG!!T - 3783 LE. VDI  - !2FZEW3 I?GX. CR!!SH = 34 

BHRRIER EOUIVRLENT VELOCITY FROtl VDI - 11.0 M.P.W. 
1-5 47.9 C1- 0.0 C2= 0.4 C3= 0.4 C4= 16.8 0- 12.1 

BODY REGION Chest Neck Pelv lc /h lp Urlst/hand 
DIRECTION Central  L e f t  Rlght  Rlght  
TYPE INJURY Fracture Contusion Contusion Gbraslon 
BODY ELEflENT Skeletal  Integumentary Integuaentar y Intcgumcntar y 

INJURY LEVEL floder ate Mlnor n lnor  Mlnor 

GRID OF POINTS FIT 10" BY 10" 
OBJECTS CONTGCTED 
Steerlny uheel. 
Restrain-t sys ten uebbl 
Impact f orcc. "uhlplas 

PEnK RCCELERflTION - 9.2 C UNITS OGE - 27  
CRUSI4 ENERGY = 214881. tIEIGHT - 68 
nnSS FflCTOR = 1.0fl0 WEIGtiT - 165 

SEX = MnLE 





- - 

UMIVOR NUtlBER 16071 1447 ON 10/31/79 
1977 &door sedan flnKE CODE - 11301 SERIES CODE - 122 
CFISE VE11ICLE UEIGtiT - 3602 LB. V D I  - I2FDEUl flflX. CRUSH = 5 
STRUCK VE~~LCLE UEIGHT = 3682 IR. v n I  = E ~ R ~ E U ~  nox. CRUSH - 14 

BFIRRIER EQUIVnLENT VELOCITY FROH V D I  = 10.4 fl.P.H. 
L- 72.6 C1- 5.6 C2= 5.6 C3= 5.6 C4= 5.6 D= 0.0 

BODY REGION 
DIRECTION 
TYPE INJURY 
BODY ELEMENT 
INJURY LEVEL 

Chest Chest Face Urlst /hand 
Centra l  Centr a1 I n f e r l o r / l o u e r  B l l a t e r a l  
Fracture Contusion Laccra t lon  Laccrat lon 
Ske le ta l  Intcguaentary D lgcs t l v c  Integumentary 
flodera t c  f l lnor  f l l no r  f l l no r  

PEnK RCCELERFlTION - 11.0 G UNITS flGE - 4 6  
CRUSti ENERGY = 154967. HEIGIiT = 7 2  
ClfJSS FnCTOR - 1.000 WEIGHT - 189 

SEX = HRLE 

GRID OF POINTS fJT 10" BY 10" SPnCING 
. . . . . . . . . . . . . . . . . . . . . . . . .  OBJECTS CONTFICTED 
. . . . . . . . . . . . . . . . . . . . . . . . .  Ulndshle ld  . . . . . . . . . . . . . . . . . . . . . . . . .  

Steer lng wheel 

FIGURE 56 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

21 

1 1  1 

Lover instrument panel 
Loucr lns t ruoent  panel 
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UMIVOR NUllBER 16361 1710 ON S /  5/79 
1979 2-door sedan or coupe (any upp tlflKE COClE - 12107 SERIES CODE - 271 
CRSE VEHICLE WEIGIiT - 4021 LB, VDI - 12FZRU9 HRX. c ~ u ~ t - 1  - 141 
STRUCK VEHICLE WEIGHT - 4870 LO. VDI  = 9800000 
BRRRIER EOUIVflLENT VELOCITY FROfl VDI  = 54.9 H.P.H. 
L- 47.9 Cl- 0.0 C2- 47.0 C3= 47.0 C4- 93.9 D= 12.1 

BODY REGION 
DIRECTION 
TYPE INJURY 
BODY ELEHENT 
INJURY LEVEL 

Chest Chest Chest Rbdomcn 
Bilateral E l l a t e r a l  B l l a t e r a l  Unknown 
Fracture Hcror rage Con tuslon 1Jnknown 
Skeleta l  Pulnonary/lungs Pulmonary/lungs Unknown 
Scrlous Scrlous Severe Unknown 

PEnK QCCELERRTION - 40.7 C UNITS nGE - 40 
CRUStI ENERGY = 4846342. HEIGtiT = 70 
MOSS FOCTOR = 1,000 UEICHT - 141 

SEX a MnLE 

GRID OF POINTS QT 10" BY 10" SPflCING 
0B.JECTS CONTRCTED . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  22 Upper lnstrunent panel 

. . . . . . . . . . . . . . . . . . . . . . . .  Upper instrument panel 

FIGURE 61 

. . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . .  . . . . . . . . .  

4 3 4  

. . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  - I  9 I '  I Steering wtieel 

Upper instrument panel 
Steerlng wheel 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  Lower lnstrunent panel 







TABLE 13 

- - - - - - - - 

VEHICLE  
CODE 

- - - - - - - - 
6 6 1  19 

0 7  109 
1 1308 
1 1302 
8 7  109 
11 101 
I  1506 
12202 
11401 
121 18 
12102 
11318 
1 1203 
1 1302 
66 109 
1 1402 
11518 
11 105 
1 1308 
12104 
12 102 
13407 
12202 
12 102 

6 6  109 
12105 
12 101 
12 102 
14 118 
13202 
8 5  109 
11 102 
1 1308 

13402 
13402 
6 6  109 
12206 
1 I 103 
66 109 
12201 
12201 
1 1408 
11 105 
12101 

D R I V E R  CHEST INJURY 

NCSS CASE L E V E L  TYPE 
INJ lJRY INJURY 

2 A I S  FRACTURE 
2 A I S  FRACTURE 
1 A I S  P A I N  
2 A I S  FRACTURE 
1 A I S  ABRASION 
1 A I S  CONTUSION 
2 A I S  FRACTURE 
1 A I S  CONTUSION 
2 A I S  CONTUSION 
1 A I S  ABRASION 
1 A I S  CONTUSION 
2 A I S  FRACTURE 
1 A I S  CONTUSION 
2 A I S  FRACTURE 
2 A I S  FRACTURE 
2 A I S  FRACTURE 
2 A I S  CONTUSION 
1 A I S  P A I N  
1 A I S  P A I N  
3 A I S  FRACTURE 
3 A I S  FRACTURE 
3 A I S  FRACTURE 
3 A I S  FRACTURE 
3 A I S  FRACTURE 
3 A I S  FRACTURE 
3 A I S  CONTUSION 
3 A I S  FRACTURE 
3 A I S  OTHER 
3 A I S  FRACTURE 
3 A I S  FRACTURE 
3 A I S  CONTUSION 
3 A 1 5  FRACTURE 
3 A I S  FRACTURE 
3 A I S  FRACTURE 
3 A I S  FRACTURE 
1 A I S  CONTUSION 
3 A I S  FRACTURE 
3 A I S  FRACTURE 
2 A I S  FRACTURE 
3 A I S  FRACTURE 
3 A I S  FRACTURE 
3 A I S  FRACTURE 
3 A I S  FRACTURE 
3 A I S  OTHER 
2 A I S  FRACTURE 
3 A I S  FRACTURE 
1 A I S  P A I N  

CAR TO CAR CRASH. FRONT CRUSH 
.------------------------------ 

OBJECT CONTACTED 

. . . . . . . . . . . . . . . . . . . . . . . .  
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
STEERING ASSEMRL 
STEERING ASSEMBL 
STEERING ASSEMBL 
UNKNOWN 
STEER lNG ASSEMBL 
STEERING ASSEMBL 
STEERING ASSEMBL 
UNKNOWN 
STEERING ASSEMRL 
UNKNOWN 
UNKNOWN 
STEERING ASSEMBL 
STEERING ASSEMBL 
STEERING ASSEMBL 
UNKNOWN 
UNKNOWN 
UNKNOWN 
STEERING ASSEMBL 
STEERING ASSEMBL 
STEERING ASSEMBL 
STEERING ASSEMBL 
STEERING ASSEMBL 
STEERING ASSEMBL 
STEERING ASSEMBL 
UNKNOWN 
UNKNOWN 
STEERING ASSEMBL 
STEERING ASSEMBL 
STEERING ASSEMBL 
STEERING ASSEMBL 
STEERING ASSEMBL 
STEERING ASSEMBL 
STEERING ASSEMBL 
STEERING ASSEMBL 
STEERING ASSEMBL 
S I D E  I N T E R I O R  
S I D E  I N T E R I O R  
UNKNOWN 
STEERING ASSEMBL 
STEERING ASSEMBL 
STEERING ASSEMBL 
STEERING ASSEMBL 

PEAK 
DECELERATION 

- - - - - - - - - - - - - - - -  
EQUIVALENT 

BARRIER 
SPEED 

17 MPH 

14 MPH 
11 MPI i  
2 8  MPH 
9 MPI I  

17 MPH 
15 MPH 
22 MPt1 
34 MPI I  
4 0  MPt l  
4 9  MPt i  
29  MPH 
19  MPH 
31  MPCI 
6 4  MPH 
47  MPI-1 
24 MPH 
28 MPH 
2 0  MPH 
50 MPH 
2 0  MPH 
27 MPH 
22 MPIf 
3 5  MPCt 

26  MPt i  
47  MPH 
32  MPH 
31  MPH 
21 MPH 
36  MPH 
18 MPH 
2 3  MPH 
6 MPH 

18 MPH 
18 MPH 
16 MPH 
24 MPH 
30 MPt i  
47  MPH 
17 MPH - 
4 1  MPt l  
44 MPH 
27 MPI i  
58 MPI I  

- - - - - - - - - 
DOT-CRASH2 

DELTA-V  

18 MPt i  
11 MPt I  
15 MPH 
11 MPH 
13 MPl i  
1 3  MPt l  
17 MPt i  
25  MPH 
5 1 MPl i  
0 MPt i  

2 1 MPt I  
17 MPH 
29  MPI i  
9 MPH 

2 5  MPH 
3 9  MPH 
17 MPH 
15  MPH 
2 5  MPt i  
14 MPH 
2 0  MPt i  
2 3  MPI i  
24 MPI I  

28 MPI1 
42  MPt I  
0 MPtt 
0 MPH 

32  MPt i  
3 3  M P l l  
29  MPH 
12 MPt i  
9 MPt I  

0 MPH 
2 5  MPCI 
0 MPH 

11 0 MPt i  MPI l  
0 MPH 

10 MPt1 
39 MPI i  
0 MPH 

t 3  MPt i  
0 MPI i  



TABLE 13 (Continued) 

3 A I S  FRACTURE 
2 A I S  FRACTURE 
3 A I S  FRACTURE 
4 A I S  OTHER 
3 A 1 5  FRACTURE 
3 A I S  FRACTURE 
4 A I S  FRACTURE 
4 A I S  OTHER 
3 A I S  CONTUSION 
3 A I S  FRACTURE 
3 A I S  HEMORRIiAGE 
3 A I S  CONTUSION 
3 A 1 5  CONTUSION 
5 A I S  LACERATION 
5 A I S  LACERATION 
5 A I S  LACERATION 
5 A I S  LACERATION 
5 A I S  LACERATION 
2 A I S  FRACTURE 
5 A I S  LACERATION 
5 A I S  LACERATION 
5 A I S  LACERATION 
4 A I S  FRACTURE 
3 A I S  CONTUSION 
4 A 1 S  FRACTURE 
4 A I S  FRACTURE 
5 A I S  LACERATION 
3 A I S  FRACTURE 
2 A I S  FRACTURE 
5 A I S  LACERATION 
3 A I S  FRACTURE 
3 A I S  CONTUSION 
5 A I S  LACERATION 
5 A I S  LACERATION 
3 A I S  CONTUSION 
5 A I S  LACERATION 
6 A I S  CRUSHING 
6 A I S  CRUSHING 

STEERING 
W E E R I N G  
STEERING 
UNKNOWN 
UNKNOWN 
STEERING 
UNKNOWN 
UNKNOWN 
UNKNOWN 
STEERING 
STEERING 
STEERING 
STEERING 
STEERING 
LJNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
STEERING 
STEERING 
STEERING 
STEERING 
STEERING 
S- rEERING 
UNKNOWN 
STEERING 
UNKNOWN 
UNKNOWN 
UNKNOWN 
STEERING 
STEERING 
STEERING 
UNKNOWN 
UNKNOWN 
UNKNOWN 
STEERING 
UNKNOWN 
UNKNOWN 

ASSEMBL 
ASSEMBL 
ASSEMBL 

1 8  MPt I  2 2  MPH 

4 2  MPH 
35 MPH 

5 4  MPt I  
3 4  MP1-I 

ASSEMBL 32 MPH 
3 6  MPI-4 

4 3  MPlt  
4 7  MPI i  

5 MPI I  
25  MPH 

0 MPH 
2 6  MPI i  ASSEMBL 

ASSEMBL 
ASSEMBL 
ASSEMBL 
ASSEMBL 

2 5  MPH 

1 8  MPI-1 
4 0  MPH 

33 MPI i  
4 2  MPI i  

28 MPI I  56 MPt l  

ASSEMBL 
ASSEMBL 
ASSEMBL 
ASSEMBL 
ASSEMBL 
ASSEMBL 

1 8  MPH 
4 4  MPH 
6 4  MPH 

1 9  MPH 
36 MPt i  
55 MPH 

4 0  MPI i  4 2  MPt l  

4 9  MPH 
68 MPH 
36 MPI I  

4 4  MPt i  
7 1  MP l i  
3 9  MPH 

ASSEMBL 

ASSEMBL 
ASSEMBL 
ASSEMBL 

33 MPI i  

30 MPH 
4 4  MPt l  
2 6  MPH 
50 MPH 
5 9  MPH 
8 6  MPI i  

4 9  MPH 
4 9  MPH 
3 1 MPt i  
4 4  MPH 

7 MPI i  
0 MPH 

ASSEMBL 





FIGURE 64 

C 

NCSS CASE NO. 170112035 llflfl WED 12 JRN 1977 
76 URGON SUB-COtlP/IMPORT TOYOTR 07 109 

2 CDC EXTENT TO FRONT SIDE FROtl 12OCLOCK 
ORIS- 2 RESTRRINT- NOT USED EJECT/TRW- NONE WEIGHTING F- 1 
R V/V tIERD ON TYPE CRASH UITCl LUXURY CfiR 
L= 54 Cl= 3 C2= 4 C3= 8 C4= 10 C5= 14 C6- 17 D= 0 ICOD= 2 

LRTERRL DELTA-V- O LONCITUDINRL DELTA-V- 18 OELTfl-V - 18 

BODY REGION FRCE URIST-WD CHEST 
DIRECTION SUPERIORIUPPER LEFT CENTRRL 
TYPE INJURY LRCERflTION CONTUSION PRIN 
BODY ELEtlENT INTEGUnENTFIRY INTEGUflENTfU?Y ~USCLES 
INJURY LEVEL tlODERATE RIS2 tlINOR RIS1 HINOR RISl  
OBJECT CONTRCTED UNKNOUN UNKNOWN UNKNOUN 

1701 12035 

IXP - 3 I Y P -  60 ZONEY 2 
UEIGHT I 3053. FORCE - 40452. 
CRUSt l ENERGY- 249213. tWSS FRCTOR = 0.97 
OCCUPRNT ORIS 2 SERTING POSITION 11 
RCE - 48 SEX ;- 1 HEIGHT= 99 WEIGHT- 999 

I 1 1 I 



NCSS CRSE NO. 170402003 HION SRT 2 WL 1977 
72 PRSS CftR COMPACT CHEVROLET 11308 

2 CDC EXTENT TO FRONT SIDE FROfl IIOCLOCK 
fifi~s- 2 RESTRRZNT- NOT USED EJELiiTKFlP- NONE WEIGHTING F- 1 

R V/V HEW ON TYPE CRRSH WITH INTERnEDIflTE C W  
L- 36 CI= 12 C2= 10 C3= 7 C4= 5 C5= 3 C6= 2 0=-14 ICOD= 2 

LRTERRL DELTA-V- 6 LONCITUDINRL DELTR-V- 10 DELTR-V - 11 

BODY REGION CHEST KNEE NECK 
DIRECTION LEFT LEFT POSTERIOR/BflCK 
TYPE INJURY FRRCTURE OTHER PRIN 
BODY ELEtlENT SKELETRL UNKNOWN MUSCLES 
INJURY LEVEL flODERflTE RIS2 INJURED/UNK SEV flINOR R I S l  
OBJECT CONTflCTED UNKNOWN UNKNOUN UNKNOWN 

I X P  - 2 I Y P  - 23 ZONE - 1 
UEICHT I 3547. FORCE ax 24921. 
CRUSH ENEHCY- 140274. WSS FRCTOR = 0.81 
OCCUPflNT OflIS 2 SERTING POSITION 11 
RGE = 50 SEX - 2 HEIGHT- 99 UEIGHT- 999 

FIGURE 65 





NCSS CRSE NO. 170809023 7 fUl TUE 9 RUG 1977 
73 UAGON SUB-COHP/ItlPORT TOYOTA 87 109 

2 CDC EXTENT TO FRONT SIDE FROn 11OCLOCK 
n n ~ n  C\ n r f i - r n n - n - . f i ~  L I ~ T  a t e r n  r s r - t  a - r n n n  LIC.LI.- I I P - ~ C I I  a ~ . r .  a- 
UH13' L nC31nnlNIP NU1 UatU E ~ C L  l l t t ~ *  NUNC UtlbnllNb F" 4 
A V/V RNG FRONT TYPE CRWH WITH INTERilEDIRTE CAR 
L- 21 C1- 8 C23 10 C3= 13 C4= 4 C5- 0 C61 0 D=-16 ICOD= 2 

LATERAL DELTA-V- 6 LONGITUDINRL DELTA-V- 10 DELTA-V - 11 

BODY REGION fU2t-I CHEST NECK 
DIRECTION RIGHT UtMLE REGION POSTERIOR/BflCK 
TYPE INJURY CONTUSION CONTUSION PAIN 
BODY ELEHENT HUSCLES INTEGUHENTfUtY HUSCLES 
INJURY LEVEL nODENflTE RIS2 HINOR AIS1 HINOR RISl  
OBJECT CONTRCTED SIDE INTERIOR STEERING fiSSEflBL UNKNOUN 

IXP - 2 IYP 24 ZONE - 1 
UEIGHT I 3053. FORCE = 16095. 
CRUSI-I ENERGY- €19333. nnss FACTOR = 0.81 
OCCUPfiNT OAIS 2 SEATING POSITION 11 
RGE - 49 SEX = I HEIGHT- 72 \IEIGt.IT- 185 

F I G U R E  67 



NCSS CRSE NO. 170930042 4 Pn  FRI  30 SEP 1977 
77 PASS CRR INTERHEDIflTE BUICK l l l O l  

2 CDC EXTENT TO FRONT SIDE FROH 120CLOCK 
OAIS- 2 RESTRAINT- NOT USED EJECTITRAP- NONE 
fi V I V  HERD ON TYPE CRRSH WITH COllPRCT CRR 
L= 32 C1= 23 C2= 20 C3= 19 C4= 22 C5a 19 C6- 17 D=-16 

LATERAL DELTR-V- 0 LONGITUDINAL DELTA-V- 13 DELTA-V - 
UEIGHTINC F- 4 

BODY REGION CHEST FACE 
DIRECTION RIGHT CENTRRL 
TYPE INJURY FRACTURE LACERflTION 
BODY ELEHENT SKELETAL RESPIRRTORY 
INJURY LEVEL HODERATE AIS2 HINOR AISl  
OBJECT CONTACTED STEERING RSSEHt3L UINDStiIELD 

KNEE 
LEFT 
OT t IER 
INTEGUEIENTARY 
HINOR AISl  
STEERING RSSEnRL 

IXP - 4 IYP - 20 ZONE - 1 
WEIGtiT P 4247. FORCE &a 394 14. 
CRUSH ENERGY- 4 07983. Hf4SS FACTOR - 0.95 
OCCUPHNT ORIS 2 SEfiTINC POSITION I 1  
RGE - 58 SEX = I HEIGtIT- 70 IJEIGHT- 160 

FIGURE 68 



NCSS CASE NO. 180304007 6 Ptl SAT 4 rlCIR 1978 
72 PASS CAR SPECIflLTY/PONY PONTIflC 11506 

2 CDC EXTENT TO FRONT SIDE FROH I20CLOCK 
OgIS- 2 RESTRRINT- NOT USED E JECT/TRa!- NONE !!EIG!!~~~!G F= 
R V/V HEAD ON TYPE CROSH WITH INTERflEDIRTE CAR 
L- 45 C l =  13 C2- 13 C3- 18 C4= 11 C5- 7 C6- 4 D= -9 ICOD= 2 

LflTERAL DELTR-V= 0 LONGITUDINRL RELTfl-V- 13 DELTfl-V - 13 

BODY REGION HEflD-SKULL . CHEST FACE 
DIRECTION WHOLE REGION LEFT INFERIOR/LOMER 
TYPE INJURY CONCUSSION CONTUSION LFICERATION 
BODY ELEtlENT BRRIN INTEGUtlENTFIRY INTEGUflENTRRY 
INJURY LEVEL flODERRTE AIS2 tlINOR flIS1 HINOR AIS1 
OBJECT CONTRCTED WINDSHIELD STEERING ASSEflBL UINDSHIELD 

IXP - 3 JYP 31 ZONE = 1 
UEIGt IT a, 3053. FORCE a 4 1070. 
CRUSH ENERGY= 208431. nRSS FflCTOR = 0.96 
OCCUPANT ORIS 2 SERTING POSITION 11 
RGE - 41 SEX = 2 HEIGliT- 62 11EIGHT- 146 



NCSS CRSE NO. 3 7 0 ~ 2 ~ 0 ~ 9  3 Pn SUN 29 m y  19-77 
73 PASS CAR FULL SIZE IlERCURY 12202 

3 CDC EXTENT TO FRONT SIDE FROH IlOCLOCK 
ORIS- 2 RESTHRINT- NOT USED EJECT/TRRP- NONE UEIGHTING F- 1 
fl V/V HERD ON TYPE CRRSH WITH FULL-SIZE CRR 
La 52 C1- 31 C2= 15 C33 15 C4= 0 C5a 0 C6= 0 D=-13 I con=  1 

LATERRL DELTfl-V- 5 LONCITUDINRL DELTR-V- 17 DELTR-V - 17 

BODY REGION CHEST FRCE UNKNOWN 
DIRECTION UNKNOUN INF ERIOR/LO\IER UNKNOWN 
TYPE INJURY CONTUSION LRCERRTION OTHER 
BODY ELEHENT INTEGUMENTRRY DIGESTIVE HISSING 
INJURY LEVEL tlODERRTE BIS2 HINOR RISI INJURED/UNK SEV 
OBJECT CONTRCTED UNKNOIJN UNKNOUN UNKNOWN 

IXP - 4 IYP - 25 ZONE - t 
UEIGtiT a 4865. FOHCE am 52057. 
CRUSH ENERGY- b74658. HRSS FflCTOR = 0.01 
OCCUPRNT ORIS 2 SEGTING POSITION 11 
AGE - 54 SEX = 1 IIEIGHT- 74  WEIGHT- 230 

FIGURE 70 
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NCSS CRSE NO. 471012030 4 Pt1 WED 12 OCT 1977 
77 PflSS CAR LUXURY/LIC?OSINE CADILLflC 11203 

3 CDC EXTENT TO FRONT SIDE FROfl I20CLOCK 
nnTF- C. n r F T n A T t b T -  L I n T  I ICCn ur11a- L ~\EJ I ~ ~ L I V I -  r v u l  uaru EJECT/TRGP= NONE UEIGHTINC F- 1 

fl V/V REAR TYPE CRASH UITH INTERtlEDIATE CAR 
L= 50 C1= 34 C2= 21 C3= 22 C4= 20 C5- 17 C6= 11 0- -3 ICOOP 2 

LflTERRL DELTA-V= 0 LONGITUDINAL DELTR-V- 17 DELTA-V - 17 

BODY REGION CHEST URIST-tmND FRCE 
DIRECTION RIGHT RIGHT WHOLE REGION 
TYPE INJURY FRnCTURE FRACTURE LFiCERflTION 
BODY ELEtlENT SKELETAL JOINTS INTEGUHENTARY 
INJURY LEVEL tlODERATE RIS2 HINOR RISI  HINOR RISl  
OBJECT CONTRCTED STEERING RSSEtlDL INSTRUtlENT PANEL UINDSHIELD 

IXP - 4 IYP = 42 ZONE - 2 
WEIGHT I 5309. FORCE n 53 107, 
CRUSH ENERGY- 788008. tlRSS FACTOR - 1-00 
OCCUPANT OAIS 2 SEATING POSITION 11 
AGE = 68 SEX - 1 HEIGHT- 93 UEICt IT= 165 

- - - 

FIGURE 75 



NCSS CRSE NO. 570501001 9 fUl SUN 1 W Y  1977 
71 PASS CfM FULL SIZE CHEVROLET 11302 

3 CDC EXTENT TO FRONT SIDE FROH l2OCLOCK 
ORIS- 2 RESTRRINT- NOT USED EJECT/TRW- NONE WEIGHTING F= 1 
fl V/V HERD ON TYPE CRRSH WITH COWRCT CRR 
L- 79 C1- 2 6  C2- 29 C3= 32 C4= 33 C59 22 C6- 25 D= 0 I C W =  2 

LATERRL DELTfi-V- 5 LONGITUDINRL DELTR-V- 29 DELTR-V - 29 

BODY REGION CHEST URIST-NRND KNEE 
DIRECTION " RIGHT RIGtlT RIGHT 
TYPE INJURY FRRCTURE DISLOCflTION CONTUSION 
BODY ELEHENT SKELETflL JOINTS JOINTS 
INJURY LEVEL HODERflTE RIS2 tlINOR RIS1 HINOR R I S l  
OBJECT CONTRCTED UNKNOllN UNKNOUN UNKNOWN 

IXP - 6 I Y P  = 48 ZONE - 2 
UEIGHI m. 4865. FOnCE P 106767. 
CRUSH ENERGY- 1973000, I I S S  FRCTOR - 1.00 
OCCUPRNT ORIS 2 SERTING POSITION 11 
GGE - 70 SEX = 1 HEJGIiT- 99 UEIGHT- 999 

FIGURE 76 







NCSS CFISE NO. 671021094 4 Ptl FR I  21 OCT 1977 
75 PASS CFIR SUB-COnP/USR PONTIAC 11518 

4 CDC EXTENT TO FRONT SIDE FROtl 12OCLOCK 
OfiiS- 2 RESTRflINT- NOT r ITFT 17nnn- h ~ n a a r  

l t c - r r L : T r u r  C, 1 rdcb I I nnr NUNC W L I U I  I I I I V U  I 

A V/V tlEW ON TYPE CRFISH WITH COtlPRCT CRR 
L- 44 CI- 36 C2= 18 C3= I8 C4= 0 CS- 0 C6- 0 0-11 ICOD- I 

LATERRL DELTQ-V= 0 LONGITUDINRL DELTR-V- 39 DELTA-V - 39 

BODY REGION FFICE KNEE CHEST 
DIRECTION SUPERIOR/UPPER RIGHT CENTRflL 
TYPE INJURY LACERATION LACERATION PAIN 
BODY ELEnENT INTEGUHENTRRY INTECUHENTRRY HUSCLES 
INJURY LEVEL IlODERflTE RISZ HODERATE RIS2 HINOR RISI 
OBJECT CONTACTED WINDSHIELD INSTRUnENT PANEL STEERING ASSEI?BL 

IXP - 6 IYP - 25 ZONE - 1 
WEIGHT I 3053- FORCE .i 60494, 

CRUSt-I ENERGY- 697448, tlASS FnCTOR - 0.93 
OCCUPRNT OAIS 2 SERTING POSITION 11 
RCE a I0  SEX = 1 t IEIGt IT- 67 UEIGtIT- 160 



NCSS CRSE NO. 671118037 iopn FRI 10 NOV 1977 
76 PASS CfiR PERSONRL LUXURY BUICK 11 105 

2 CDC EXTENT TO FRONT SIDE FROtl IlOCLOCK 
ORIS- 2 RESTRRINT- NOT USED EJECT/TRRP- NONE UEICHTINC F- 1 
R V/V HEW ON TYPE CRRSH WITH COnPRCT CRR 
L= 48 Cl- 15 C2= 19 C3= 23 C4= 25 C5= 24 C6= 22 D= -2 lCOD= 2 

LATERAL DELTR-V- 9 LONGITUOINRL DELTA-V- 15 OELTR-V = 17 

BODY REGION FRCE FRCE c t ~  ST 
DIRECTION INFERIOR/LOUER INFERIOR/LOWER BILRTERRL 
TYPE INJURY LACERRTION LACERRTION PAIN 
BODY ELEHENT DIGESTIVE INTEGUHENTARY HUSCLES 
INJURY LEVEL tlODERRTE OIS2 MINOR RISl  tlINOR AISl  
OBJECT CONTRCTED STEERING RSSEtlBL STEERING ASSEflBL STEERING RSSEHBL 

I X P a  4 IYP - 49 ZONE - 2 
WEIGHT P 5309, FORCE a 6 1820. 
CRUSH ENERGY- 1088722, tlRSS FOCTOR - 0.65 
OCCUPRNT OAIS 2 SERTING POSITION 11 
RGE = 28 SEX = 2 HEIGHT- 61 WEIGHT- 96 

FIGURE 80 





NCSS CASE NO. 170618030 3 AH SRT 18 JUN 1977 
76 PRSS CAR HINI-SPECIRLTY FORD 12104 

3 CDC EXTENT TO FRONT SIDE FROtl llOCLOCK 
OAIS- 3 RESTRAINT- LAP ONLY E JECT/TRRP- .NONE IIEIGHTING F- 4 
A V/V SIDE TYPE CRASH UITH INTERHEDIflTE CRR 
L= 70 C1- 16 C2= 15 C3= 17 C4= 20 C5= 22 C6= 29 D= 0 ICOD= 2 

LATERAL DELTA-V- 13 LONGITUDINAL DELTA-V- 22 DELTR-V = 25 

BODY REGION CHEST FACE FOREWM 
DIRECTION LEFT SUPERIOR/UPPER RIGHT 
TYPE INJURY FRACTURE RBRASION LACERATION 
BODY ELEHENT SKELETflL INTEGUtlENTfWY INTEGUMENTRRY 
INJURY LEVEL SEVERE CtIS3 MINOR AISl HINOR RISl 
OBJECT CONTRCTED UNKNOWN UNKNOWN UNKNOWN 

IXP - 6 IYP - 56 ZONE - 2 
WEIGHT a 2203. FORCE = 106740. 
CRUSH ENERGY= 1315129. n ~ s s  FACTOR = 0.59 
OCCUPANT OAIS 3 SEATING POSITION I1 
RGE a 51 SEX = I tiEICHT= 68 WEIGHT- 150 

F I G U R E  82 







NCSS CASE NO. 170924050 4 Pf l  SRT 24 SEP 1977 
77 PRSS CRR FULL SIZE MERCURY 12202 

2 CDC EXTENT TO FRONT SIDE FROn l2OCLOCK 
"OTC- 3 RESTRRINT- NOT USED ur ma-- E JECT/TRAP- NONE UEIGHTINC F- ? 
A V/V SIDE TYPE CRRSH WITt.1 FULL-SIZE CRR 
L- 75 C1- 20 C2= 18 C3- 19 C4= 19 C5- 18 C 6 9  20 D- -2 ICOD- 2 

LATERRL DELTR-V- 0 LONGITUDINRL DELTR-V- 23 DELTA-V - 23 

BODY REGION PELVIC-HIP FORERRn CHEST 
DIRECTION LEFT LEFT RIGHT 
TYPE INJURY DISLOCflTION FRRCTURE FRACTURE 
BODY ELEHENT JOINTS SKELETRL SKELETRL 
INJURY LEVEL SEVERE RIS3 SEVERE RIS3 SEVERE RIS3 
OBJECT CONTRCTED STEERING RSSEMBL SIDE INTERIOR STEERING RSSEMBL 

1 I X P  - 4 I Y P  - 47 ZONE a 2 

WEIGHT &. 4065. FORCE a= 75077. 
I CRUSH ENERGY= 1010947. HASS FfiCTOR = 1.00 
I 

I OCCUPRNT OAIS 3 SERTING POSITION 11 
RGE - 54 SEX - 1 HEIGtiT- 74 WEIGHT- 270 

F I G U R E  85 



NCSS CASE NO. 180305036 HIDN SUN 5 tWR 1978 
74 PASS CRR FULL SIZE FORD 12102 

3 CDC EXTENT TO FRONT SIDE FROn 1 OCLOCK 
ORIS- 3 RESTRRINT- NOT USED EJECT/TRQP- NONE WEIGHTING F- 1 
R V/V tIEflD ON TYPE CRflSH WITH FULL-SIZE CW 
L- 70 C1- 23 C2a 22 C3= 30 C4= 19 C5- 14 C6- 8 D= -2 ICOD= 2 

LRTERRL DELTA-V- 12 LONGITUDINRL DELTR-V- 21 DELTQ-V - 24 

BODY REGION CHEST CtEST FRCE 
DIRECTION LEFT LEFT UNKNOWN 
TYPE INJURY FRRCTURE CONTUSION LFICERRTION 
BODY ELEMENT SKELETAL PULHONRRY INTEGUflENTflRY 
INJURY LEVEL SEVERE ASS3 SEVERE RIS3 tlINOR AISI 
OBJECT CONTRCTED STEERING RSSEil0L STEERING RSSEMBL UNKNOUN 

IXP - 4 IYP - 41 ZONE - 2 
WEIGIiT cI 4865. FORCE sa 04787. 
CRUSH ENERGY- 1452630. HASS FRCTOR - 0.61 
OCCUPflNT OfiIS 3 SEATING POSITION 11 
flGE - 65 SEX = 1 HEIGHT- 99 WEIGHT- 999 



NCSS CfiSE NO. 100317048 9 Ptl F R I  17 tlRR 1978 
72 P ~ S S  C ~ R  SUB-COW/IMPORT VOLKSURGEN 6610s 

2 CDC EXTENT TO FRONT SIDE FROn 12OCLOCK 
AATF n r P T n n t h n t . l  L I ~ T  11fr-n c ICPT ~ T ~ A D -  L I ~ L I C  

C JCb I  / I  I l r H  ' I W U I W L  
WEIGHTZNG F- 4 

U W . L ~ ~  J ~ C ~ I ~ W I N I  IVUI UPCU 

A UNLISTED TYPE CRRSH WITH FULL-SIZE CAR 
L= 56 CIS 22 C22 22 C3= 14 C4= 14 C5= 15 C6- 19 03-26 ICODa 2 

LfiTERRL DELTA-Vm O LONGITUDINRL DELTfi-V- 28 DELTR-V - 28 

BODY REGION CHEST FRCE KNEE 
DIRECTION RIGHT SUPERIOR/UPPER BILflTERflL 
TYPE INJURY FRRCTURE LRCERRTION CONTUSION 
BODY ELEHENT SKELETRL INTEGUMENTBRY JOINTS 
INJURY LEVEL SEVERE RIS3 MINOR RIS1 MINOR RISl 
OBJECT CONTRCTEO STEERING RSSEnBL UINDSHIELD INSTRUtlENT PRNEL 

I X P  - 5 I Y P  - 8 ZONE - 1 
UEIGt 17 a 3053. FORCE - 73409. 
CRlJSH ENERGY- 6957 1-7. t1BSS FRCTOR - 0.01 
OCCUPONT OBIS 3 SEATING POSITION 11 
RGE = 63 SEX = 1 I-IEIGHTm 70 IJEIGHT- 170 

FIGURE 87 



NCSS CRSE NO. 180322060 11PH UED 22 HRR 1978 
73 PRSS CRR INTERtlEDIRTE DODGE 13201 

7 CDC EXTENT TO FRONT SIDE FROn 12OCLOCK 
ORIS* 5 RESTRRINT- NOT USED EJECT/TRRP- NONE WEIGHTING F- 1 
R V/V tIERD ON TYPE CRASH UITI.1 LUXURY CRR 
La 57 C1- 9 3  C2- 7 4  C3= 61 C4- 52 C5- 45 C6- 33 D=-20 ICOD= 2 

LATERRL DELTR-V- 0 LONGITUDINRL DELTA-V= 55 DELTfl-V - 55 

BODY REGION CHEST HEAD-SKULL CHEST 
DIRECTION CENTRAL INFERIOR/LOWER BILATERAL 
TYPE INJURY LACERRTION CONTUSION LflCERflTION 
BODY ELEflENT nRTERIES BRRIN PULIIONWY 
INJURY LEVEL CRITICRL AIS5 CRITICQL RISS CRITICGL RISS 
OBJECT CONTRCTED STEERING iX5SEflBL WINDSHIELD STEERING ASSEtlBL 

IXP - 14 I Y P  - 18 ZONE - I 
UEIGHT lil 4247, FORCE a 18 1135. 
CRUSI-I ENERGY- 6124863. nass FRCTOR = 0.08 
OCCUPRNT ORIS 5 SEATING POSITION 11 
RGE - 26 SEX = I HEIGHT= 70 WEIGHT- 185 

FIGURE 88 



NCSS CRSE NO. 271020034 8 Atl THU 20 OCT 1977 
71 PRSS CAR INTERtlEDIQTE FORD 12101 

3 CDC EXTENT TO FRONT SIDE FROH 1 OCLOCK 
OAISP 3 RESTRfl1N-j- USED EJECT/TRflP- NONE i j E i Z ~ i I N 2  Fm j 

f l  V/V SIDE TYPE CRRSH WITH LUXURY CflR 
L= 33 Cl= It) C2= 24 C3= 32 C4= 36 C5= 33 C 6 9  35 D= 7 /COD= 2 

LQTERRL DELTQ-V- 0 LONGITUDINRL DELTQ-V- 0 DELTfl-V - 0 

BODY REGION CtIEST THIGH RRtl 
DIRECTION RIGHT RIGHT LEFT 
TYPE INJURY FRflCTURE FRACTURE FRACTURE 
BODY ELEtlENT SKELETRL SKELETAL SKELETRL 
INJURY LEVEL SEVERE RIS3 SEVERE AIS3 tlODERflTE AIS2 
OBJECT CONTRCTED STEERING RSSEtlBL INSTRUHENT PRNEL STEERING ASSEtN3L 

I X P  - 7 I Y P  - 61 ZONE - 2 
WEIGHT a 4247. FORCE Y 665 17. 
CRUSI I ENERGY= 1375059. nRSS FRCTOR = 0.76 
OCCUPRNT ORIS 3 SERTING POSITION 11 
AGE - 59 SEX = 2 tiEIGt1T- 99 WEIGHT- 999 

FIGURE 89 



NCSS CRSE NO. 370510018 8 Afl TUE 10 HflY 1977 
76 PASS CRR FULL SIZE FORD 12102 

3 CDC EXTENT TO FRONT SIDE FROfl 1 OCLOCK 
ORIS- 3 RESTRRINT- NOT USED EJECT/TRW- NONE UEICHTING Fa 1 
A V/V SIDE TYPE CRRSH UITH INTERhEDIRTE CRR 
L= 43 Cl= 22 C2= 25 C3= 25 C4= 26 CS= 36 C6= 62 D= 19 ICOD= 2 

LRTERRL DELTR-V- 0 LONGITUDINRL DELTfl-V- 0 DELTR-V - 0 

BODY REGION CHEST LEG RR tl 
DIRECTION LEFT LEFT LEFT 
TYPE INJURY FRRCTURE WRRSION CONTUSION 
BODY ELERENT SKELETRL INTECUHENTRRY INTEGUtlENTRRY 
INJURY LEVEL SEVERE OIS3 tlINOR RISl  nINOR AIS1 
OBJECT CONTRCTED UNKEJOW N UNKNOllN UNKNOUN 

I X P  - 7 IYP = 78 ZONE = 3 
WEIGHT = 4865. FORCE Zm 7 1682. 
CRUSH ENERGY- 1727840. t-lOSS FfiCTOR = 0.89 
OCCUPFIMT OFISS 3 SERTING POSITION 11 
RGE - 52 SEX = 1 HEIGHT- 70 WEIGHT- 200 

FIGURE 90 
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NCSS CRSE NO, 370917060 7 Pi l  SRT 17 SEP 1977 
70 PASS CfW FULL SIZE DODGE 13202 

3 CDC EXTENT TO FRONT SIDE FROn 1 OCLOCK 
OAIS- 3 RESTRRINT- NOT USED EJECT/TRBP- NONE UEIGHTING F- 1 
R V/V IiEf4D ON TYPE CRnSH WITH LUXURY CAR 
L- 69 C1= 16 C2- 25 C3= 26 C4= 29 CS- 26 C6- 24 D=I 5 ICOD= 2 

LRTERRL DELTR-V- 3 LONGITUDINRL DELTfi-V- 32 DELTR-V - 33 

BODY REGION LEG CHEST FACE 
DIRECTION RIGHT BILRTERRL INFERIOR/LOUER 
TYPE INJURY FRRCTUAE FRRCTURE LRCERRTION 
BODY ELEflENT SKELETAL SKELETRL DIGESTIVE 
INJURY LEVEL SEVERE RIS3 SEVERE RIS3 MINOR R I S l  
OBJECT CONTRCTED HRRDUFIRE ITEflS STEERING RSSEflBL WINDSHIELD 

IXP - 5 I Y P  - 57 ZONE 2 
WEIGHT c. 4865. FORCE a 98565. 
CRUSH ENERGY- 1922423. noss FNCTOR - 0.73 
OCCUPnNT 001s 3 SERTING POSITION 11 
FIGE = 54 SEX 2 HEIGHT- 67 UEIGliT= 160 

FIGURE 92 



NCSS CRSE NO. 371111003 3 Ptl  F R I  11 NOV 1377 
73 UA(;ON SUB-COtlP/IllPORT WZDA 05 109 

2 CDC EXTENT TO FRONT SIDE FROtl 120CLOCK 
OfiIS- 3 RESTHHINT- NOT USED 

. .---. .--- .- 
U ~ L ~ H I I N ~  F- i 

f4 V/V HEAD ON TYPE CRRSH WITH SUB-COtlPRCT CRR 
La 67 CI- 7 C2- 10 C3- 13 C43 15 C5- 0 C6- 0 D= 0 ICOD- 1 

LRTERRL DELTA-V- 0 LONGITUDINRL DELTO-V- 29 DELTfl-V - 29 

BODY REGION CHEST FRCE KNEE 
DIRECTION DILATEROL SUPERIOR/UPPER BILRTERRL 
TYPE INJURY FRRCTURE CONTUSION CONTUSION 
BODY ELEflENT SKELETAL INTEGUtlENTARY INTEGUtlENTARY 
INJURY LEVEL SEVERE RIS3 nINOR AIS1 flINOR f l I S I  
OBJECT CONTACTED STEERING RSSEflBL SUNVISOR/FITTING INSTRUtlENT PANEL 

I X P  = 3 I Y P  - 56 ZONE - 2 
UEIGHT I 3053, FORCE P 60354. 
CRUSt1 ENERGY- 395772. HRSS FLlCTOR - 0.99 
OCCUPRNT ORIS 3 SEfiTING POSITION 11 
OGE = 48 SEX - 1 HEIGHT- 71 WEIGHT- 155 

F I G U R E  93  



FIGURE 94 

NCSS CASE NO. 371231017 6 Ptl  SAT 31 DEC 1977 
73 PASS CRR FULL SIZE BUICK 11 102 

2 CDC EXTENT TO FRONT STDE FROtl 1 OCLOCK 
OAIS- 3 RESTRRINT- NOT USED EJECT/TRW- NONE WEIGHTING F- 1 
A V/V HERD ON TYPE CRASH UITt I  INTERIlEDIflTE CAR 
L- 47 CI- 17 C2= 16 C3- 15 C4- 11 C5- 9 C60 7 D=-15 ICOD- 2 

LATERflL DELTA-V- 0 LONGITUDINfiL DELTR-V- 12 DELTR-V = 12 

BODY REGION CHEST NECK LEG 
DIRECTION LEFT LEFT LEFT 
TYPE INJURY FRACTURE CONTUSION CONTUSION 
BODY ELEHENT SKELETRL INTEGUilENTBRY INTEGUtlENTRRY 
INJURY LEVEL SEVERE RIS3 IIINOR RIS1 HINOR A I S l  
OBJECT CONTRCTED STEERING RSSEHBL UNKNOUN INSTRUtlENT PRNEL 

371231017 

11 4 J  I 
3 

1 

IXP  - 3 I Y P  - 26 ZONE - 1 
WEIGHT DI 4865. FORCE c8 4 1913. 
CRUSH ENERGY- 5190~3. n ~ s s  FRCTOR - 0.50 
OCCUPRNT OBIS 3 SERTING POSITION 11 
RGE - 41 SEX - 2 HEIGHT- 99 UEIGHTJ 999 



NCSS CASE NO. 470210012 l O f U l  THU 10 FEB 1977 
75 PflSS CRR COtlPRCT CHEVROLET 11308 

1 CDC EXTENT TO FRONT SIDE FROll 120CLOCK 
081s- 3 RESTRflINT- NOT USED E dEC?/?!?R!'- ?!G?!E WEIGHTING ! 

A UNLISTED TYPE CRRSH IJITtI LUXURY CQR 
L- 57 Cl- 1 C2- 1 C37 3 C4= 3 CS= 4 C6= 5 O= -8 ICOD= 2 

LATERAL DELTA-V- 0 LONGITUDINflL DELTA-V= 9 DELTA-V - 9 

BODY REGION CHEST CHEST KNEE 
DIRECTION RIGHT WtNLE REGION BILATERflL 
TYPE INJURY FRACTURE CONTUSION CONTUSION 
BODY ELEtlENT SKELETRL INTEGUtlENTRRY JOINTS 
INJURY LEVEL SEVERE RIS3 HINOR RIS l  HINOR AISI  
OBJECT CONTflCTED STEERING flSSEtlBL STEERING ASSEtlEL INSTRUDENT PRNEL 

IXP  - 0 IYP  - 48 ZONE - 2 
WEIGHT n 3547. FORCE .y 19908. 
CRUSH ENERGY= 53097. flRSS FRCTOR = 1.00 
OCCUPRNT 001s 3 SEflTING POSITION 11 
AGE - St3 SEX = 2 tIEICHT- 63 WEIGHT- 180 

FIGURE 95 



FIGURE 96 

NCSS CflSE NO. 471029034 3 Rfl SAT 29 OCT 1977 
70 PASS CRR FULL SIZE PLY~OUTI I 13402 

3 CDC EXTENT TO FRONT SIDE FROfl I2OCLOCK 
OAIS- 3 RESTRRINT- NOT USED EJECT/TRflP- NONE WEIGtiTING F- 1 
n v/v HERD ON TYPE CRRSH WITH COWACT cw 
L- 52 Ct- 0 C2= 15 C3= 15 C4= 31 C5a 0 C6= 0 D= 13 ICOW 1 

LATERAL DELTR-V- 0 LONGITUDINRL DELTR-V- 0 DELTfi-V - 0 

BODY REGION CHEST FCICE UNKNOWN 
DIRECTTON LEFT INFERIOR/LOUER UNKNOWN 
TYPE INJURY FROCTURE LRCERCITION OTt IER 
BODY ELEHENT SKELETRL INTEGUHENTRRY flISSING 
INJURY LEVEL SEVERE RIS3 HINOR BIS1 INJUREDIUNK SEV 
OBJECT CONTRCTED STEERING CISSEMBL STEERING RSSEIlBL ?lISSING 

471029034 

I I I ' ~ '  
1 

L 3 

IXP = 4 I Y P  - 74  ZONE - 3 
UEIGHT 8 4865. FORCE a 45084. 
CRUSH ENERGY- 58 1020. tlASS FRCTOR - 0.90 
OCCUPONT ORIS 3 SERTING POSITION 11 
AGE - 49 SEX = I I-IEIGHT- 66 UEIGHT- 145 



NCSS CASE NO. 471125061 6 Pfl FR I  25 NOV 1977 
71 PASS CAR FULL SIZE PLYHOUTH 13402 

3 CDC EXTENT TO FRONT SIDE FROH 120CLOCK 
OAIS= 3 RESTRGINT- NOT USED EJECT/TRRP- UNKNOUN WEIGHTING F., ! 
A V/V HERD ON TYPE CRASH WITH INTERHEDIATE CAR 
L- 37  C1- 33 C2= 29 C3= 22  C4= 19 C5- 14 C6= 9 D=-18 ICOD= 2 

LATERAL DELTA-V- 7 LONGITUDINAL DELTA-V- 25 DELTA-V - 25 

BODY REGION PELVIC-HIP CkIEST C\RH 
DIRECTION LEFT LEFT LEFT 
TYPE INJURY DISLOC~TION FRACTURE FRRCTURE 
BODY ELEHENT JOINTS SKELETAL SKELETAL 
INJURY LEVEL SEVERE AIS3 SEVERE RIS3 HODERRTE RIS2 
OBJECT CONTACTED STEERING ASSEHBL STEERING RSSErlBL STEERING RSSEtlBL 

IXP - 5 IYP - 23 ZONE - I 
WEIGHT = 4065. FORCE I 4004 1. 
CRUSH ENERGY= 620253. MASS FRCTOR = 0.91 
OCCUPANT OAIS 3 SEnTING POSITION 11 
ftGE - 58 SEX = 2 HEIGHT- 65 WEIGHT- 135 

FIGURE 97 



NCSS CRSE NO. 480105026 2 PH THU 5 JRN 1978 
77 PASS CRR SUB-COtlP/IHPORT VOLKSUflGEN 66 109 

2 COC EXTENT TO FRONT SIDE F ROtl 1lOCLOCK 
ORIS- 3 RESTRAINT- NOT USED EJECT/TRHP- NONE lJEIGHTING F- 4 
R V/V IiEflD ON TYPE CRRSH UITH COWRCT CAR 
La 53 C1= 17 C2= 11 C3= 8 C4= 7 C5= 4 C6- 3 D= -4 ICOD= 2 

LflTERRL DELTR-V- 0 LONGITUDINAL- DELTR-V- 0 DELTA-V = 0 

BODY REGION LEG CHEST ELBOU 
DIRECTION LEFT CENTRRL LEFT 
TYPE INJURY FRRCTURE FRRCTURE FRRCTURE 
BODY ELEMENT SKELETRL SKELETflL JOINTS 
INJURY LEVEL SEVERE RIS3 tlODERRTE RIS2 HODERATE RIS2 
OBJECT CONTRCTED AC/VENT DUCT STEERING ASSEHBL HRRDWflRE ITEnS 

I X P a  2 IYP  - 33 ZONEp 1 
WEIGtiT = 3053. FORCE P 40621. 
CRUSH ENERGY- 2539 18. t l M S  FRCTOR = 0.75 
OCCUPRNT OAIS 3 SERTING POSITION 11 
AGE = 66 SEX - 1 HEIGHT- 6 7  UEIGHT- 165 

FIGURE 90 



NCSS CASE NO. 571231075 8 PH SOT 31 DEC 1977 
76 PASS CRR SPECIRLTY/PONY IIERCURY 12206 

2 CDC EXTENT TO FRONT SIDE FROtl llOCLOCK 
n n ~ ~  nrc-rnn-r~~~ h e f i t  IIFI-n I- ITFT ~ ~ n n n  LIALII- III-TPI i - r T L # r  I-_ 
UH.L~= 3 nralnn~nl- NUI uacu c JCL I / I nm- CYUIYC H C L U ~ I  AIYU r I 

R V/V SIDE TYPE CRHSH lJITt1 I N 1  ERtiEDIFiTE CRR 
L- 28 C1- 21 C2- 20 C3- 10 C4= 19 C5- 16 C6= 11 0- 0 ICOD- 2 

LRTERRL DELTR-VY 6 LONGITUDINRL DELTH-V- 10 DELTR-V - 11 

BODY REGION CHEST SHOULDUi LEG 
DIRECTION RIGHT RIGHT RIGHT 
TYPE INJURY FRRCTURE FRRCTURE CONTUSION 
BODY ELEtlENT SKELETRL SKELETRL INTEGUtlENTf4RY 
INJURY LEVEL SEVERE flIS3 tlODEROTE RIS2 flINOR RIS1 
OBJECT CONTRCTED STEERING ASSEtlBL STEERING ASSEHBL INSTRUnENT PflNEL 

IXP - 5 IYP - 48 ZONE - 2 
WEIGHT u 3053. FORCE m 43991. 
C R U S ~ ~  ENERGY= 494232. nnss FRCTOR - 0 . 6 ~  
OCCUPflNT ORIS 3 SERTTNG POSITION 11 
RGE = 52 SEX = 1 tlEIGt4T- 72 UEIGHTm 175 

FIGURE 99 
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NCSS CRSE NO. 670606020 8 PM HON 6 JUN 1977 
74  PASS CfU? INTERMEDIRTE IIERCURY 12201 

2 CDC EXTENT TO FRONT SIDE FROM 1 OCLOCK 
OAIS- 3 RESTRRINT- NOT USED EJECT/TRW- NONE WEIGHTING F- 1 
fl V/V tlEAD ON TYPE CRRSH WITH FULL-SIZE CRR 
L= 52 CIS 7 C2= 10 C37 13 C4= 12 C5a 10 C61 8 Da 15 ICOD= 2 

LATERRL DELTA-V- 5 LONGITUDINflL DELTR-V- 9 DELTA-V - 10 

BODY REGION CHEST NECK LEG 
DIRECTION LEFT RNTERIOR/FRONT LEFT 
TYPE INJURY FROCTURE OTHER CONTUSION 
BODY ELEI-IENT SKELETAL DIGESTIVE INTEGUflENTRRY 
INJURY LEVEL SEVERE BIS3 MODERRTE AIS2 flINOR RIS l  
OBJECT CONTRCTED UNKNOWN UNKNOUN UNKNOUN 

IXP = 2 IYP - 69 ZONE - 3 
WEIGHT .x. 4243. FORCE I 45492. 
CRUSH ENERGY= 403533. W S S  FnCTOR = 0.77 
OCCUPRNT OAIS 3 SEBTSNG POSITION 11 
RGE - 52 SEX = 1 IIEICHT- 68 WEIGHT= 160 

F I G U R E  102 



NCSS CRSE NO. 671016105 4 fUl SUN 16 OCT 1977 
32 PRSS CAR INTERMEDIRTE tlERCURY 12201 

3 CDC EXTENT TO FRONT 
OHIS- RESTRRINT- 

SIDE FROtl I20CLOCK 
SiEiGiiTING- i--- 

R V/V RERR TYPE CRfiSH UITH FULL-SIZE CflR 
L- 72 C1- 46 C2= 39 C3= 35 C4= 35 C5- 31 C6= 27 03 0 ICOD= 2 

LRTEROL DELTfl-V- 5 LONGITUDINfiL DELTR-V- 3 8  DELTA-V - 39 

BODY REGION CtiEST LEG FRCE 
DIRECTION RIGHT LEFT BILRTERRL 
TYPE INJURY OTHER FRRCTURE LRCERRTION 
BODY ELEtlENT PULtlOPIflR Y SKELETtlL INTEGUnENTRRY 
INJURY LEVEL SEVERE OIS3 SEVERE f l IS3 HODERRTE RIS2 
OBJECT CONTRCTED STEERING RSSEIIBL INSTRUHENT PRNEL UINDSHIELD 

I X P  - 8 I Y P  = 46 ZOIJE - 2 
UEIGHT IP 4247. FORCE IO 143652. 
CRUStI ENERGY= 2910607. tWSS FRCTOR 1.00 
OCCUPfiNT ORIS 3 SERYING POSITION 11 
RGE - 26 SEX - 1 kIEIGtlT- 70 UEICHT- 215 



NCSS CRSE NO, 671203006 9 An SAT 3 DEC 1977 
76 PRSS CRR COWRCT OLDSllOBILE 11408 

9 CDC EXTENT TO FRONT SIDE FROtl l2OCLOCK 
ORIS- 3 RESTRRINT- NOT USED EJECT/TRW= UNKNOUN WEIGHTING F= 1 
R V/V RNG FRONT TYPE CRFISH UITH INTERHEDIRTE CRR 
La 24 Cl- 93 C2- 46 C31 46 C4= 0 C5- 0 C6= 0 D=-24 ICOD= 1 

LRTERflL DELTR-V- 0 LONCITUDINRL DELTR-V- 0 DELTR-V = 0 

BODY REGION PELVIC-HIP CHEST FRCE 
DIRECTION fWTERIOR/FRONT LEFT SUPERIOR/UPPER 
TYPE INJURY FRRCTURE FRflCTURE LRCERRTION 
BODY ELEtENT SKELETAL SKELETRL INTEGUnENTRRY 
INJURY LEVEL SEVERE RIS3 tlODERRTE RIS2 HINOR RISI 
OBJECT CONTRCTED SIDE INTERIOR STEERING ASSEMBL WINDSHIELD 

IXP - 14 IYP - 12 ZONE - 1 
WEIGHT 1 3547. FORCE I 80739. 
CRUSH ENERGYn 2354362. M S S  FflCTOR - 0-83 
OCCUPRNT ORIS 3 SERTING POSITION 11 
RCE - 59 SEX = 1 tEIGHT= 99 UEICHT- 999 

FIGURE 104 



NCSS CRSE NO. 680204016 3 Pt l  SRT 4 FEE 1978 
74 P ~ S S  CFIR PERSONRL LUXURY BUICK 1110s 

2 CDC EXTENT TO FRONT SIDE FROtl llOCLOCK 
nnTC- 3 nCcronr&tt= &war I ~ C C ~  unla- 4 a n  IWU I  ucr~u E JECT/TR,",!D- NONE UEEGHTING F- 

R V/V SIDE TYPE CRflSI-1 l l I T t l  LUXURY C W  
L= 85 CIS 4 C2= 6 C3= 9 C4= 14 C5= 16 C6- 21 D= 0 ICQD= 2 

LflTERRL DELTR-V- 7 LONCITUDINFIL DELTR-V= 12 DELTR-V - 13 

BODY REGION CHEST FRCE URIST-WND 
DIRECTION LEFT SUPERIOR/UPPER BILRTERRL 
TYPE INJURY FRRCTURE LRCERRTION PRIN 
BODY ELEnENT SKELETRL INTEGUtlENTflRY tNJSCLES 
INJURY LEVEL SEVERE RIS3 HINOR ClISl HINOR RIS1 
OBJECT CONTflCTED STEERING RSSEtlBL UINDStUELD STEERING RSSEC-IBL 

IXP - 2 I Y P  - 63 ZONE - 2 
UEIGHT am 5309. FORCE I 71818. 
CRIJSH ENERGY3 874730- W S S  FRCTOn - 0.55 
OCCUPRNT 001s 3 SEFITING POSITION 11 
RCE - 35 SEX = 1 I E I G T  70 UEIGHT- 171 

F I G U R E  105 







NCSS CASE NO, 770927035 HION TUE 27 SEP 1977 
71 PRSS C M  SUB-COW/IW)ORT CWRI/GERC1RN 62209 

5 CDC EXTENT TO FRONT SIDE FROn IZOCLOCK 
ORIS- 3 AESTRRINT- NOT USED EJECT/TRW- TRRPPED WEIGHTING F- 1 
A V/V I-IERD ON TYPE CRflSH UITH LUXURY CfU? 
L= 45 C1- 17 C2= 21 C3= 26 C4= 39 C5- 40 C6- 48 03-29 ICODu 2 

LATERRL DELTA-V= 0 LONGITUDINRL DELTR-V- 54 DELTR-V 54 

BODY REGION RBDOtlEN CHEST FORERRn 
DIRECTION INFERIOR/LOWER RIGHT RIGtiT 
TYPE INJURY CONTUSION FRRCTURE FRRCTURE 
BODY ELEtlENT UROGENTIRL SKELETflL SKELETflL 
INJURY LEVEL SEVERE AIS3 SEVERE AIS3 SEVERE RIS3 
OBJECT CONTRCTED STEERXNG ASSEtBL STEERING ASSEtlBL A-PILLRR 

IXP = 9 I Y P  = 12 ZONE - 1 
UEIGHT n 3053. FORCE n 105700. 
CRUSt1 ENERGY- 1894553. tWSS FWTOR - 0-04 
OCCUPRNT ORIS 3 SEATING POSITION 11 
RGE = 27 SEX = 1 tEIGHT- 74 UEIGHT= 190 



NCSS COSE NO. 370811020 2 PM THU 11 flUG 1977 
71 PASS CRR INTERHEDIRTE CHEVROLET 1130 1 

2 CDC EXTENT TO FRONT SIDE FRO0 l1OCLOCK 
n n 7 ~  n T f i T n n T L I I  L 1 n T  I a - r n  EjECTiifiWa TRfiPPED EEIGGTING FI u1-113~ 1 n r a ~ n n l ~ ~ =  NUI U ~ C U  

FI V/V SIDE TYPE CRFISH WITH INTERMEDIRTE CRR 
L- 68 C1- 13 C2= 18 C33 23 C4- 22 C5- 20 C6- 14 0- 2 ICOD- 2 

LRTERRL DELTfl-V- t7 LONGITUDINRL DELTfl-V- 30 DELTR-V - 34 

BODY REGION CHEST CHEST PELVIC-HIP 
DIRECT ION BILRTERf3L BILOTERAL LEFT 
TYPE INJURY OTI IER FRRCTURE FRRCTURE 
BODY ELEMENT PULIIONRR Y SKELETRL SKELETRL 
INJURY LEVEL SERIOUS RIS4 SEVERE RIS3 SEVERE RIS3 
OBJECT CONTOCTED UNKNOWN UNKNOUN UNKNOWN 

I X P  - 4 IYP - 53 ZONE - 2 
UEIGHT a 4247, FORCE - 93968. 
CRUSH ENERGY- 132007 1. M ~ S S  FRCTOR - 0.62 
OCCUPONT OflIS 4 SEATING POSITION 11 
ACE - 39 SEX = 1 HEIGtiT- 99 WEIGHT= 999 





NCSS CASE NO, s7n313033 t ipn SUN 13 r l ~ ~  1977 
73 PflSS Cf\R FULL SIZE CHEVROLET 11302 

4 CDC EXTENT TO FRONT SIDE FROM 12OCLOCK 
nn-re unda- 4 RESiRfl3Ni- NOT USED r crn-r a ~ n f i n  ~ a n a . r  I h r - r - m  ITT& am 

EJCLI/ tnor- NUNC w c ~ r r r ~ ~  INU F- i 
R V/V tfEflD ON TYPE CRflSH UITH FULL-SIZE CflR 
L- 79 C1- 22 C2= 29 C35 37 Cd= 44  C5a 0 C6= 0 Dif 0 ICOD= 1 

LRTERRL DELTA-V- 2 LONGITUDINRL DELTR-VD 47 DELTA-V - 47 

BODY REGION CHEST CHEST F RCE 
DIRECTION BILATERflL BILflTERflL SUPERIOR/UPPER 
TYPE INJURY FRfiCTURE OTHER FRflCTURE 
BODY ELEHENT SKELETRL PULtlONflRY SKELETAL 
INJURY LEVEL SERIOUS RIS4 SERIOUS RIS4 SEVERE RIS3 
OBJECT CONTRCTED UNKNOWN UNKNOUN UNKNOWN 

IXP - 7 I Y P  = 55 ZONE - 2 
UEIGHT I 4865. FORCE .. 120465. 
CRUSH ENERGY- 25~0938. n~ss FOCTOR = 0.99 
OCCUPRNT OflIS 4 SERTING POSITION 11 
f?GE - 36 SEX = 1 tE IGt  IT= 72 UEIGHT- 207 

FIGURE 1 1 1  





NCSS CASE NO. 670105017 7 CV1 WED 5 JRN 1977 
70 PRSS CflR FULL SIZE FORD I2 102 

4 CDC EXTENT TO FRONT 
RESTR"INT- NOT "SE-j 

SIDE FROH 12OCLOCK 
EJEci,.TRAP- wNE . .--a. .--..A 

U ~ ~ L D H I ~ N ~  F- i 
fl V/V tIERD ON TYPE CRnSH WITH COtlPRCT CfU? 
L- 41 C1- 46 C2= 39 C33 31 C4- 25 CS= 17 C6= 10 D=-20 ICOD= 2 

LATERRL DELTR-V- 0 LONGITUDINflL DELTA-V- 26  DELTR-V - 26 

BODY REGION CHEST CHEST SHOULDER 
DIRECTION RIGHT RIGHT RIGHT 
TYPE INJURY FRRCTURE HEHORRHRGE FRRCTURE 
BODY ELEtlENT SKELETRL PULHONRRY SKELETfU 
INJURY LEVEL SEVERE RIS3 SEVERE RIS3 ltODERttTE RIS2 
OBJECT CONTRCTED STEERING RSSEtlBL STEERING RSSEHBL STEERING RSSEIWL 

TXP- 7 I Y P -  19 ZONE - I 
UEIGt1T I 4865. FORCE u 54957. 
CRUSI1 ENERGY- 1000175. M S S  FRCTOR - 0.89 
OCCUPfiNT OflIS 4 SERTING POSITION 11 
flGE - 37 SEX - 2 HEIGHT- 73 UEIGHT- 140 

FIGURE 113 



NCSS CRSE NO. 780108008 2 PM SUN 8 JRN 1978 
76  PflSS CflR SUB-COtlf'/IHPORT DATSUN 86 109 

3 CDC EXTENT TO FRONT SIDE FROM l2OCLOCK 
OAIS- 4 RESTRAINT- NOT USED EJECT/TRAP= NONE WEIGHTING F- 1 
R V/V RERR TYPE CRASH UITH INTERHEDIflTE CAR 
L- 47 C1- 30 C2- 28 C3= 26 C4- 23 C5- 20 C6= 18 D= -7 ICOD= 2 

LATERflL DELTO-V- O LONGITUDINfiL DELTn-V= 25 DELTA-V = 25 

BODY REGION HEOD-SKULL CHEST CHEST 
DIRECTION WHOLE REGION CENTRAL LEFT 
TYPE INJUHY CONCUSSION CONTUSION CONTUSION 
BODY ELEIIENT BRflIN HEART PULHONARY 
INJURY LEVEL SERIOUS AIS4 SEVERE f l IS3 SEVERE RIS3 
OBJECT CONTRCTED SUNVISOR/FITTING STEERING ASSEMBL STEERING ASSEllElL 

IXP - 7 IYP  - 36  ZONE - 2 
WEIGHT sa 3053, FORCE a 85340. 
CRUSH ENERGY- 1112215. Hf4SS FRCTOR - 0.98 
OCCUPANT ORIS 4 SEATING POSITION 11 
AGE - 27 SEX = 2 HEIGtIT- 63 WEIGHT- 140 

FIGURE 1 1 4  











NCSS CRSE NO. 171223045 8 P i l  F R I  23 DEC 1977 
71 PASS CAR SUB-COMP/USA FORD 12110 

6 CDC EXTENT TO FRONT SIDE FROtl 120CLOCK 
OfixS- 5 RESTRfiTNT- NOT EjECTiTRw= P m i -  EJECTION i,jExGiiiiNi; FP j 

R V/V NERD ON TYPE CRRSH UITH INTERllEDIRTE CRR 
La 3 2  C1- 56 C2= 5 2  C3=; 38 C4= 35 C5- 26 C6- 13 D=-20 ICOD= 2 

LATERBL DELTR-V= 0 LONGITUDINRL DELTR-V= 36 DELTR-V - 3 6  

BODY REGION CHEST HERD-SKULL RBDOilEN 
DIRECTION CENTRRL POSTERIOR/BRCK RIGHT 
TYPE INJURY LQCERfiTION CONTUSION LRCERQTION 
BODY ELEHENT WTERIES BRAIN LIVER 
INJURY LEVEL CRITICRL RIS~ CRITICRL OISS SERIOUS RISd 
OBJECT CONIRCTED STEERING RSSEtlBL SUNVISOR/ROOF STEERING RSSEtlBL 

I X P  - 11 IYP - 3 ZONE - 1 
WEIGHT P 3053. FORCE a 07458. 
CRUSII ENERGY- 1949306. n ~ s s  FRCTOR = 0.77 
OCCUPRNT OAIS 5 SERTING POSITION 11 
ftGE - 38 SEX = 1 HEIGHT- 69 WEIGIiT- 240 

FIGURE 119 





NCSS CRSE NO. 270206022 6 fU1 SUN 6 FEB 1977 
7 5  URGON SUB-COW/USR FORD 12110 

4 CDC EXTENT TO FRONT 
OfiIS- RESTRfiiNT- "wNO"N 

SIUE FROtl 120CLOCK 
EJECT/TRW- NONE UEIGHTING F- 1 

fi VfV SIDE TYPE CRflSH UITH LUXURY CfW 
L- 70 Cl- 23 C2- 20 C33 16 C4= 27 CS- 34  C6- 41 0;. 0 ICOD= 2 

LRTERAL DELTQ-V- 7 LONGITUDINfiL DELTfl-V- 42 DELTA-V = 42 

BODY REGION RBDOnEN CHEST CHEST 
DIRECTION RIGtiT RIGHT BILATERFIL 
TYPE INJURY LFICERRTION FRRCTURE CONTUSION 
BODY ELEtlENT LIVER SKELETAL PULNONMY 
INJURY LEVEL CRITICRL RIS5 SERIOUS RIS4 SEVERE AIS3 
OBJECT CONTflCTED STEERING RSSEC1BL STEERING flSSEMBL STEERING FISSEFIBL 

I X P  - 7 I Y P  = 57 ZONE - 2 
WEIGIIT a 3053. FORCE I 135067. 
CRUSH ENERGY- 1970420. tWSS FKTOR - 0.99 
OCCUQRNT ORIS 5 SERTING POSITION 11 
RCE - 38 SEX = 4 tIEIGHT- 65 WEIGHT= 151 

FIGURE 121 





NCSS CASE NO. 470910025 llRH SUN 10 SEP 1977 
77 URGON SUB-COHP/USfl CHEVROLET 11318 

5 CDC EXTENT TO FRONT SIDE FROH 120CLOCK 
6~1s- 5 RESTR~~INT- USED EdECTiTRRP- TRRPPED UEiGHTiNG 

A V/V HEflD ON TYPE CRASH l l ITH COHPACT CaR 
La 58 Cl- 53 C2= 50 C3= 50 C4= 51 C5- 5 2  C6- 53 03 0 ICOD= 2 

LFITERAL DELTR-V- 12 LONGITUDINQL DELTR-V= 70 DELTA-V - 7 1 
- - - 

BODY REGION HEAD-SKULL FiBDOtlEN CHEST 
DIRECTION UtlOLE REGION RIGHT RIGHT 
TYPE INJURY CONCUSSION LACERRTION FRRCTURE 
BODY ELEHENT BRRIN LIVER SKELETFiL 
INJURY LEVEL CRITICnL AIS5 SERIOUS n I S 4  SERIOUS AIS4 
OBJECT CONTRCTED UINDSHIELCI STEERING RSSEHBL STEERING ASSEHBL 

IXP - 14 IYP - 50 ZONE - 2 
WEIGHT Ca 3053. FORCE a 216672. 
CRUSH ENERGY- 5693341. HRSS FnCTOR = 1.00 
OCCUPANT O~IS 5 SEnTING POSITION 11 
RGE = 35 SEX - 1 HEIGIiT- 99 UEIGHT= 999 



NCSS CRSE NO. 570501001 9 fUl SUN 1 tlRY 1977 
71 PRSS CRR SPECIRLTY/PONY FORD 12106 

2 CDC EXTENT TO FRONT SIDE FROt? 12OCLOCK 
ORIS- 5 RESTRRINT- NOT USED EJECT/TRRP- C W L E T E  EJECT10 UEIGHTING F= 1 
R V/V tIEAD ON TYPE CRAStl WITH FULL-SIZE CflR 
L= 74 Cia 22 C2= 22 C3= 23 C4- 24 C5- 24 C6- 25 D= 0 ICOD- 2 

LRTERRL DELTfl-V- 7 LONGITUDINRL DELTR-V- 38 DELTfl-V - 39 

BODY REGION CHEST CtiEST CHEST 
DIRECTION CENTRRL BILRTERAL CENTRRL 
TYPE INJURY LRCERRTION FRRCTURE FRACTURE 
BODY ELEflENT RRTERIES SKELETAL SKELETAL 
INJURY LEVEL CRITICRL RIS5 SEVERE RIS3 nOOERRTE RIS2 
OBJECT CONTRCTED UNKNOUN UNKNOWN UNKNOUN 

I X P  - 6 I Y P  - 51 ZONE - 2 
WEIGtiT .a 3053. F OACE pl 129630, 
CRUSH ENERGY;. 1599067. MRSS FflCTOR = 1-00 
OCCUPRNT ORIS 5 SERTING POSITION I1  
RGE - 3 4  SEX = 1 tEIGHT= 6 6  UEIGHT- 183 

FIGURE 124 









NCSS CCISE NO. 170608007 l lPn WED 8 JllN 1977 
73  PCISS CAR INTERHEDIRTE OLDSHOBILE 11401 

3 CDC EXTENT TO FRONT SIDE FROH l2OCLOCK 
ORIS- 6 RESTRRINT- NOT USED EJECT/TRW- NONE UEIGtITING F- 1 
fl V/V H E N  ON TYPE CRRSH WITH COHPGCT CflR 
L- 60 Cl- 21 C2- 25 C33 31 C4= 25 C5= 19 C6= 13 D= -6 ICOD= 2 

LATERGL DELTfi-V- 0 LONGITUDINfiL DELTA-V- 31 DELTfl-V - 3 1 

BODY REGION NECK CHEST RBDOflEN 
DIRECTION POSTERIOR/BRCK BILf3TERflL RIGHT 
TYPE INJURY FRRCTURE CONTUSION CONTUSION 
BODY ELEHENT VERTEBRRE PULHONMY LIVER 
INJURY LEVEL flflXIflUH-FflTRL SEVERE @IS3 SEVERE AIS3 
OBJECT CONTflCTED UNKNOWN UNKNOUN UNKNOWN 

F I G U R E  128 

170608007 

0 ~' L'I I 3 

3 

IXP - 5 IYP - 39 ZONE - 2 
UEIGtIT a 4247. FORCE .S 84082. 
CRUSH ENERGY= 1214338, HRSS FRCTOR = 0.99 
OCCUPRNT OflIS 6 SERTING POSITION 11 
flCE - 21 SEX - I tlEIGi iT= 72 WEIGHT- 245 



NCSS CRSE NO. it10108~12 1oPn SUN 8 JAN 1978 
78 PASS CRR COWACT FORn 12 108 

6 CDC EXTENT TO FRONT SIDE FROn 120CLOCK 
001s- 6 RESTRRINT- NOT USED EJECT/TRW- NONE UEIGHTING F- 1 
A V/V t iEM ON TYPE CRRSH WITH FULL-SIZE CflR 
L- 3 4  C1- 63 C2= 61 C33 57 C4- 45 C5= 37 C6- 28 03-10 ICOD= 2 

LATERAL DELTR-V- 0 LONGITUDINAL DELTR-V= 44  DELTA-V - 44 

BODY REGION NECK RBDOtlEN CHEST 
DIRECTION POSTERIOR/BRCK RIGHT CENTRRL 
TYPE INJURY FRRCTURE LCICERRTION LRCERRTION 
BODY ELERENT VERTEBRAE LIVER MTERIES 
INJURY LEVEL ?IflXItlUfl-FRTRL CRITIGRL AIS5 CRITICRL RISS 
OBJECT CONTRCTED tfEHD REST STEERING fiSSEtU3L STEERING RSSEI1SL 

I X P  - 13 I Y P  - 22 ZONE - 1 
WEIGHT P 3547. FORCE P 121313. 
CRUSH ENERGY- 3263204. IWSS FRCTOR = 0.90 
OCCUPRNT OflIS 6 SEATING POSITION 11 
AGE - 44  SEX - 2 CIEIGHT- 6 4  UEIGHT- 150 








