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I n troducti on 

I n  1 974 the Acci dent Research Uni t pub l i s hed  the res u l ts of a three year f i e l d 
and l aboratory s tudy des i gned to i nvest i gate the performance of s teeri ng sys 
tems speci f i c a l ly  evo l ved to comp l y  wi th FMVSS 203 and  204 and thei r Eu ropean 
equ i v a l ents ( l  - 3 ) * .  These s tan dards a i m  to contro l the hori zontal i nt ru s i on 
of the s teeri ng whee l i n to the passenger compartment i n  a frontal  i mpact and  
a l so l i mi t the peak l oads app l i ed to the unre s trai ned dri ve r ' s ehe s t .  S i nce 
1 974 a further 1 2 1  acci dents i nvo l v i ng unrestra i ned dri vers s tri k i ng the sys
tems of  i ntere s t  h ave been s tudi e d .  The purpose of  th i s  paper i s  t o  descri be 
what has  been observed i n  that  peri od and to analyse the seri ous and fatal 
i nj u ry cases whi ch form a subset of the 1 974 data i n  comb i nat ion  wi th the ser·
i ous and fata l  i nj u ry cases that have been co l l ected s ubsequen t l y .  

Cases were se l ected f o r  i nc l u s i on i n  the ana l yses i f  an unre s trai ned dri ver 
d i s s i pated  a l l  h i s  torso energy i n  contact wi th one of  the s e l ected  des i gns 
of  s teeri ng  system. Th i s  constra i n t  was p l aced on the data to provi de f i e l d  
ev i dence wh i ch c l ose ly  re l ated to the tests requi red by cu rrent s teeri ng sys tem 
s tandards . The s teeri ng systems chosen for study were s e l ected a s  they a re 
be l i e ve d  to re f l ect two broad des i gn concepts . Axi a l  compre s s i on col umns re ly  
on s ome form of energy absorb i ng uni t i ncorporated be l ow the  upper col umn mount
i ng bracket to l i mi t l oa ds app l i ed to the dri ver ' s  ehe s t .  A l l such col umns i n  
the prese n t  s tudy a l s o  ca rry out  thei r an t i - i n trus i on functi on by a te l es 
cop i ng a c t i on i n  the c o l umn i tse l f .  Such systems a re i nd i rectly encouraged by 
curre n t  l eg i s l a ti on as there i s  an  a ttracti on for the veh i c l e  manufacturer i n  
f i tt i ng  a s teeri ng sys tem ' package ' wh i ch wi l l  v i rtua l l y ensure comp l i ance of  
h i s  v eh i c l e  wi th both  s teeri ng  sys tem s tandards . The second group of systems 
s e l e cted were the ' se l f  a l i gn i ng ' wheel des i gns i n  whi ch a deformab l e can i s  
p l aced d i rect ly  beh i nd the s teeri ng whee l and the dri ver ' s  energy i s  absorbed 

* 
Numbe rs i n  parentheses re fer to references a t  the end of  the pape r .  
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by deformati on of both th i s  uni t and the conventi onal  s teeri ng col umn and fa c i a .  
Such des i gn s  re ly  o n  other features of the bodyshe l l  des i gn and l ayout for com
p l i  ance vli th the anti - i ntrus i on part of the s tandard and consequent ly  may not 
be v i ewed so favourably by a manufacturer seek i ng standard ' s  approval . 

The 1 974 s tudy was based on acci dents gathered by i n-depth i nvesti gati on and 
the s amp l i ng system was such that i nc i dents i nvol vi ng e i ther h i g h  ene rgy or 
seri ous or  fata l i nj u ry were fol l owed u p .  After 1 974 the samp l i ng requi rements 
were changed and the cases were drawn from those acci dents i n  whi ch at l east 
one occupant of a car was seri ous ly  or  fata l l y  i nj u red . Thus , after 1 974 a 
dr iver  suffer ing  no or s l i ght i nj u ry wou l d  only come i nto our  samp l e  i f  some 
one e l se i n  h i s  vehi c l e  rece i ved seri ous or  fata l i nj ury . Th i s change i n  
samp l i ng c r i te r i on makes d i rect  comb i nati on of the cases col l ected duri ng  the 
two peri ods i nva l i d .  Howeve r ,  for the durat i on of the who l e  study peri od  acci 
dents i n  wh i ch dri vers have been seri ous ly  or fata l ly i nj u re d  have been co l 1 ec
ted and the  enti re samp l e  can be  exami ned to descr"ibe i nj u ry patterns and 
safety sys tem pe rformance wi th i n  thi s  l i mi tati on . Consequent l y ,  i n  the current 
analys i s  a l l re l evant addi t i onal  cases col l ected s i n ce 1 974  wi l l  be descri bed 
fi rst and then the seri ous and fatal i nc i dents whi ch form a subset of both 
th i s  data and the cases col l ected pr i or  to 1 974 wi l l  be comb i ned . 

The offi ci a l  U . K .  category of serious  i nj u ry i s  the one referred to here and 
i nc l u des as  a mi n i mum requi rement an overn i ght s tay i n  hosp i ta l  or the presence 
of a fracture . The fatal category , aga i n  as used by the po l i ce ,  i n c l udes any
one who d i e s  wi thi n 30 days of the acci den t .  I n  p racti ce , th i s  seri ous i nj u ry 
c l as s i fi cati on b roadly coi nci des wi th i nj ur ies  of AIS  2 and above ( 4) . 
Axi a l_i_ompre�s�_o�_ Co l umn Cases col l ected  s i nce ]974 
The make and mode l break- down amongs t  the addi t i onal 96 cases i s  shown i n  
Appendi x 1 .  By fi rs t e xami n i n g a l l cases i rrespecti ve of i nj u ry severi ty ,  i t  
i s  poss i b l e  to compare the col umn funct i on for the l ow i nj u ry seve r i ty cases 
w i th that obse rved for the seri ous or  fata l i nj u ry subset whi ch wi l l  be de s
cri bed l ate r .  f\s has been exp l a i ned  above , the u n i nj u red  or  s l i ght ly  i nj u red  
dri vers wi l l  be  under-represented in  th i s  data . 

The mode l s  ana lysed contai n a range of col umn des i gns as  s hown i n  tab l e  1 .  
Tab l e  l :  TYRes of axi a l  comP.re s s i on col umn des i g� 

- -----·- -----

Type of Col umn Numbe r 

Te l e s copi ng steeri ng s haft w i th ' me s h '  energy 
absorb i ng j acket 

Te l es copi ng s teeri ng shaft wi th ' convo l u ted tube ' 
ene rgy absorb i ng j acket 

Japanese vari ants on above 
1 Ba 1 1  ' eo 1 umns 

2 5  

52 

5 

1 4  
The AIS  for each body area on eve ry dri ver has been assessed and the h i ghest 
AIS on each dri ver i s  s hown be l ow i n  tabl e  2 .  
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T ab l e  2 :  D i s tri buti on of h i ghes t A I S  for 96 unrestra i ned dri ve rs i mRacti ng 
ax i a l  comRre s s i on co l umn s .  

H i ghes t A I S  Number 

0 0 
l 23  
2 2 7  
3 1 8  
4 8 
5 1 6  
6 4 

The i na dequacy of shear capsu l e  separa t i on a l one as a measure of dri ver ri de
down has been di s cussed prev i ous l y  ( 3 ) . Where no faci a  movement occurs , shear  
cap s u l e  separati on prov i des a good i ndi cati on of dri ver ri de-down . Howeve r .  

when there i s  faci a movement o r  moun t i ng bracket rotat i on ,  s u ch damage has to 
be taken i n to a ccount to estab l i s h what proporti on of the apparent shear cap
s u l e  movement ref l e cts driver r i de- down . Th i s  ri de-down i s  des i gned to be 
ava i l ab l e  i n  addi t i on to that provi ded by whee l , faci a and col umn bend i ng .  For 
thi s  s amp l e , the presence of r i de- down i s  shown i n  tab l e  3 .  l t  i s  of note 

Tab l e  3 :  I nc i dence of s i gn i f i cant addi ti onal  ri de-down i n  axi a l  compress i on 
c o l umns 

S i gn i fi cant addi t i ona l  ri de-down provi ded by 
compress i  on 

No s i gn i fi cant addi ti ona l ri de-down provi ded 
col umn compress i on 

Not estab l i shed 
. ·----·· 

Number 

col umn 
7 

by 
86 

3 

that on ly  fö'. o f  these co l umns provi  ded any addi ti ona l ri de-down for the dri ver .  
The  amount of  c o l umn comp ress i on from the top amongst the  7 cases i n  wh i ch 
such  movement occurred i s  shown i n  tab l e  4 ,  i l l u s trat i ng  that i n  7 1 %  of the 
ri de-down cases l e s s  than 2 " 5  cm of movement was prov i de d .  

Tab l e  4 :  Col umn compress i on due to dri ver l oadi ng . 

Compres s i on ( cm )  Number 

0 - 0 . 5  l 

0 . 6  - 2 . 5  4 

2 . 6  - 5 . 0  l 

5 .  l - 7 . S  0 

more than 7 . 6  l 

The tota l col umn compress i on i s  shown i n  tab l e  5 .  I n  the des i gns studi ed , 
th i  s measurement  ref l e cts a combi nati  on of col umn movement p roduced by both 
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i ntrus i on and dri ver ri de-down . The observed amounts of col umn compress i on are 
gene ra l ly sma l l and thus i t  can be con c l uded that col umns are not bottomi ng out 
due to p ri mary damage and thus be i ng p revented from s t rok i ng from the top . 

Tab l e  5 :  Total col umn comP.res s i on .  

Compress  i on ( cm )  Number 

0 - 5 . 0  7 1  

5 .  l - 1 0 . 0  1 0  

l 0 .  l - 1 5 . 0  2 

Not known 1 3  

Axi a l  Compress i on Col umn Cases The Se ri ous and Fatal l njury Sub-Samp l e . 
����--����- -����--����-'-� 

Hav i ng exami ned the col umn functi on i n  a l l  cases col l ected s i nce 1 974 , the 
s ubset of dri ve rs susta i n i ng AIS  2 or above i n  any body area has been se
lecte d .  As e xp l a i ned p rev i ou s l y ,  th i s  group approx i mates t o  the seri ous ly  
and fata l ly  i nj u red dri vers and patterns of i nj ury and  col umn fun cti on can 
be meani ngfu l l y  descri bed for thi s g roup . The 73 dri vers s o  s e l e cted from 
the post- 1 974 s tudy have been added to the 24 ser i ou s l y  or fata l l y  i nj u red 
dri vers frorn the 1 9 74 analys i s  who s truck axi a l  comp re s s i on col umn s .  The 
patte rns of i nj u ry for these dri ve rs i s  shown i n  tab l e  6 ,  and the mu l ti pl i ci ty 

Tab l e  6 :  I nj ury_ P.atterns for dri vers wi th h i ghes t A I S  � 2 .  Axi a l  
cornP.res s i on co l umn s .  

A I S  Head a n d  Neck Chest  Abdomen H i gher of Chest or 
Abdomi nal  AIS 

0 5 3 1  74 2 8  

1 24 1 6  4 1 7  

2 43 3 2 4 

3 5 1 9  2 1 7  

4 l 1 1  7 1 1  

5 1 5  1 6  8 1 9  

6 4 l 0 l 

Total 9 7  9 7  97  97  

Legs 

1 8  1 
28 

1 

22 

28 

l 

0 

0 

97  

of  i nj u ry is  appa re n t  toge t h c r  wi th the cons i dera b l e  i rnportance of  the s teeri ng 
system as an i n j ury source i n  thi s samp l e .  l t  shou l d  be remembered that due to 
the s e l ecti on of cases for thi s analys i s ,  a l l these peop l e  d i s s i pated the i r  
torso e nergy so l e ly on the stee ri ng system,  and a l l  the ehest  and abdomi na l  
i nj ur ies  above can  thus be attri buted to  th i s  sou rce . For these 97 occupants 
whose h i  ghes t AIS i n  any body area was � 2 ,  some 44% recei ved thei r most 
severe or equal most s evere A I S  from the steeri ng system .  No  s i gn i fi cant 
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addi t i ona l  ri de-down by axi a l  compress i on of the col umn was p rov i ded for 883 of 
those c l as s i fi e d  as ser ious ly  or fata l ly i nj u red .  Some ri de-down was ava i l ah l e  
for 7% o f  th i s  group and  i n  f i ve cases the col umn performance was not ful ly 
estab l i shed .  

The  Equ i va l e n t  Tes t  Speed ( E . T . S . )  di stri but ion  for  a l l 97 cases i s  shown i n  
tab l e  7 .  I n  addi t i on , th i s  tab l e  i l l us trates the E . T . S . di stri buti on for 
those cases whe re the ehest or abdomi na l  i nj u ry was A I S  2 or above . As wou l d  
be expecte d ,  there i s  a s trong s tat i s t i c a l l y  s i gn i fi cant  re l at i ons h i p  between 
the frequency of seri ous ehes t  and abdomi n a l  i nj ury and E . T . S .  

Tab l e  7 :  E . T . S .  di str i buti on for 97 dri vers wi th  h i ghest AIS � 2 .  
Axi a l  com[Jre s s i on co l umns . 

E .  T .  S .  ( mp h )  H i ghest A I S  <> 2 Chest or  Abdomi nal  A I S  > 2 

5 - 1 0  1 0 

1 0  - 1 5  6 1 

1 5  - 20 1 0  4 

20 - 25  22  8 

25  - 30 1 9  8 

30 ·- 35 1 5  1 2  

35 - 40 4 4 

40 + 5 5 

Not  known 1 5  1 0  

97 97 

l t  can be seen that , i n  genera l , seri ous whee l i n du ced ehest or abdom ina l  
i nj ury on ly  appears to  occur above a n  E . T . S .  of 1 5  mph . As  i t  i s  be l i eved 
that  an unre s trai ned dummy contacts the s teeri ng  system i n  a barri er  test at 
a ve l oc i ty c l ose to the veh i c l e ' s  speed of i mpact , th i s  data perhaps suggests 
that a torso ve l oc i ty of 1 5  mph , as spe c i f i e d  i n  current s tandards , may be 
e xami n i ng what wou l d  be a l a rge ly  non-i nj u ry ehest and abdomi na l  i mpact for 
mos t dri vers . 

The col umn des i gn s  i nv o l ved i n  these 97 cases are shown i n  t ab l e  8 ,  i l l us trat
i ng that  a vari ety of des i gns are covered by thi s ana lys i s .  Of these 97 col umn s 
48% had s i gn i fi cant  s ta ti c bends be l ow the upper mount i ng b racket and i t  seems 
proba b l e  that dynami ca l l y an even h i gher p roport i on of col umns had a bend i n  
the reg i on of the te l escopi ng secti o n .  Such bends , whi ch can be i n i ti ated by 
veh i c l e  crush , a re capable of i nh i bi ti ng col umn comp re s s i o n  due to torso 
i mpact ( 2 ,  3 )  and th i s  i s  the l i ke l y  exp l anat ion  for some of the performance 
seen i n  the f i e l d .  I n  addi t i on , h i gh tors i on a l  l oads can be deve l oped i n  the 
t e l e s copi ng s teeri ng  s h afts due to rapi d redi re c t i on of road whee l s  and s teeri ng 
gear by both the front end crush of the vehi c l e  and di rect i nte ract ion  wi th  the 
i mpacted obj e c t .  S u c h  tors i on a l  l oa ds a re bel i eved to i nc rease g reatly the 
l oads requ i red for s haft compress i on and cou l d  be the exp l anat i on for the 
f ai l u re of some apparently stra i ght  col umns to col l apse a t  l oads whi ch cause 
maj or  i nj u ry to the dri ve r .  
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Tab l e  8 :  Types of axi a l  compress i on co l umns s truck b� dri vers wi th 
h i ghes t  A I S  � 2 .  

Type of col umn Numbe r 
--·-· -·-·-· 

Te l es copi ng s teeri ng shaft wi th 1 mesh 1 e ne rgy absorb i n g  j acket  30 

Te l e s copi ng s tee r i n g  shaft wi th ' convol u ted ' ene rgy absorbi ng 
j acket 52 
Japanese vari ants on above 3 

Bal l col umn 1 2  
Total 97 

The l i mi ted  s trok i ng of the se col umns i s  shown by the genera l l y  sma l l amounts 
of total co l umn compre s s i on seen i n  rea l  acci dents ( tab le  9 ) .  

Tab l e  9 :  Tota l co l umn compr�ss i on 

Comp ress  i on ( cm )  Number 

0 - 5 cm 65 
5 .  l - 1 0  cm 1 4  

l 0 .  1 - 1 5  cm 3 

Not k nown 1 5  

l t  was be l i e ved that the concentrati on of l oad on the d ri ver ' s  ehest due to 
whee l  deforma t i on m ight  be an  i n f l uenci ng factor on ehest and abdomina l  i nj u ry 
and thus the presence of s uch an occurrence was exami ned i n  each case . I n  
th i s  context ,  l oad concentra t i on was j udged to have occu rred i f  wheel  d i s
torti on was s uch that the who l e  front face area of the spokes was not avai l ab l e  
for torso i mµac t .  I n  6 2:'.  o f  the cases the s teeri ng wheel  deformed i n  such a 
way as to p roduce l oad concen trati on on the dri ver ' s  ehest or abdome n .  I f  
those 5 2  peop l e  who rece i ved a n  A I S  of 2 o r  more i n  the ehes t o r  abdomi na l  
reg i ons a re consi dered  as a g roup , some 85% of  them experi eneed l oad coneen
trati on from the whee l . 

As a fi na l descri pti on of the dri vers who susta i ned a h i ghest A I S  � 2  i n  any 
body area , tab l e  1 0  conta i ns the i r sex and age d i str i buti on and the rea r  l oad
i ng experience des cri bed wi th re spect to the re l a t i ve severi ty of s teeri ng 
whee l  i ndueed i nj ury and the presenee or absence of seri ous ehe s t  or abdomi na l  
i nj u ry . 

Stati s t i ca l  test i ng of the data i n  tab l e  1 0  showed that there were no s i gn i fi 
cant di fferences at  the 5% l e ve l of eonfi dence i n  the re l at i ve severi ty of 
the wheel  i ndueed i nj ury wi th respect to age , sex an d rea r  l oadi ng or i n  the A I S  
s eore for the ehest and abdomi nal i nj u ry wi th respect t o  the sex o f  the dri ver . 
There was a s i gn i f i cant d i fferenee at  the 1 0% l ev e l  for ehest and abdom i na l  
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Tab l e  1 0 :  Sex .• age and rear  l oadi ng experi enee of dr i vers  wi th h ighest A I S  ;::. 2 .  
Axi a l  eompres s i on eol umns

-
. 
-

1 
Whee l i ndueed ehe s t  and abdomi n a l  Chest or abdomi n a l  

i njury i nj u ry 

most seve re not mos t severe � 2 < 2 

Sex 
---

Mal e  39 45 45 39 

Fema l e  4 9 7 6 

Age 
1 0  - 1 9  l 0 l 0 

20 - 29 1 0  20 1 0  20 

30 - 39 5 1 1  8 8 

40 - 49 7 8 9 6 

50 - 59 1 3  8 1 4  7 

60 - 69 3 6 6 3 

� 70 0 l 0 l 

not known 4 0 4 0 

Rea r  l oadi ng 

None 24 39 29 34 

From seat only 9 1 1  1 2  8 

From seat and 
l uggage 2 l 2 0 

F rom seat and 
rea r  passenger 6 3 7 3 

Not  known 2 0 2 0 

l nJ ury severi ty versus age wi th e ·1 der ly  dri vers s ufferi ng more seri ous i nJ u ry .  
A l s o ,  the i ne i denee of maj or  rear  l oadi ng was s i gn i fi eantly d i fferent when 
those who suffered serious  ehest and abdomi na l  i nj ury were eompared wi th  those 
who d i d not , but aga i n  only a t  the 1 0% l eve l of e onfi denee . l t  shoul d be 
po i n ted  out that no a t tempt was made to e xami ne the E . T . S .  d i s tri but i ons bet
wee n sexe s , age groups and types of rea r  l oadi ng  s i nee the numbers of eases 
were too smal l .  

Axi a l  Compressi on Col umn Cases The Fatal  Sub-Samp l e  

W i th i n  th i s group o f  97  eases thcre were 2 9  fata l i ti e s  and the eol umn pe rfor
manee and i nj ury patterns for these peopl e  wi l l  be de seri bed bri efly . I n  7 2•; 
o f  these eases the wheel  i ndueed i nj u ry was the most severe or  equal to the 
mos t seve re . For 86X o f  the d ri vers no add i t i onal  r i de-down was p rov i de d  by 
ax i a l  eompres s i on of the eol umn ; on ly  one eol umn d i d p rovi de any ri de-down and 
i n  three eases i nsuffi e i ent  i nformat ion  was ava i l ab l e  to make a deei s i on .  
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Wheel di storti on wh i ch re su l ted i n  l oad concentra t i on occurred i n  97% of the 
fatal i ti e s . Tabl e  1 1  descri bes the rea r  l oa d i ng experi ence and the sex and 
age di stri buti on for th i s  fatal s ub- samp l e .  

Tab l e  1 1 :  Sex and Age d i s tri buti ons and rear l oadi ng exP.eri ence for fata l i t ig_� 
Axi a l  comRre s s i on col umns . 

Se.x 
Ma l e  

Fema l e  

Aoe ---

l O  - 1 9  

20 - 29 

30 - 39 

40 - 49 

50 - 59  

60  - 69  

70  + 

Not known 

Rear l oadi ng 

None 

Seat 

Seat p l us 

Seat 1->l us 

l\wt knmm 

l uggage 

µassenger 

Al l 

---·---...---· 

- - - - - 1- .  

l�hee l i nduced i nj ury 

cases most severe 

25  1 9  

4 2 

l l 

5 5 

5 2 

6 4 

6 4 

4 3 

0 0 

2 2 

1 6  1 2  

7 4 

l l 

4 3 

l l 

The E . T . S .  di stri buti on for these cases i s  s h own i n  tab l e  1 2 .  

Tab l e  1 2 :  E . T . S . di s tri buti on for the fata l i ti e s .  

E . T . S .  

1 5  -

20 -

25 -

30 -

35 -

40 + 

-

( mph } 
-- --·---··-· ---

20  

?5 

30 

35 

40 

Not known 

Numbe r 

l 

3 

l 

9 

3 

5 
7 

1 1 

l 

2 B '.� 



The fata l i ti es were not a s soc i atrd w ith  any parti cu l a r de s i gn of steering  
col umn as  s h own i n  tab l e  1 3 .  

Tab l e  1 3 :  Jype s  o f  col umns s truck by fatal i ti e s . 

Type of col umn Numbe r 
--· ·-·- -- - -

Te l e s copi ng s tee ri ng s haft wi th ' mesh ' r.ncrgy absorb i n0 j acket 1 1  
Te l escop i ng s tee ri ng shaft wi th ' convol uted tube ' e ne rgy 
absorbi ng j a cket 1 3  

B a l l col umn 5 

As a f i n a l  de scri pti on of the fatal  sub-samp l e ,  the pattern of i nj ury i s  
i l l us t ra ted i n  tab l e  1 4 .  

Tab l e  1 4 :  Patterns of i nju ry arnongst the fata l i t i es . 

H i ghest  A I S  Head and Neck Chest Abdomen H i gher of Chest Legs 
and Abdomi n a l  A I S  

A I S  0 0 0 0 1 3  0 

1 0 6 0 0 0 

2 0 4 0 0 0 

3 1 1 7 2 5 
4 1 0 5 6 4 
5 2 2  1 4  1 6  8 1 9  
6 5 4 1 0 1 

Aga i n i t  s h ou l d  be remernbered that the ehes t  and abdomi na l  i nj u r i e s  i n  th i s  
samp l e  a re a l l due to s teeri ng sys tem conta c t .  

Summa ry of �':_S_�_l_�_for_ Axi_�_] _ _ Conpres s i on C�l umns_ 

6 

5 

8 

9 
1 
0 

0 

The res u l ts obtai ned by ana lys i s  of these 1 20 cases  o f  unres trai ned driver  i m
pacts wi th axi a l  compres s i on col urnns a re : 

1 .  No such  col umn has  been seen to use up a l l i ts a va i l ab l e  tel escopi ng 
potenti a l  i n  any case i n  th i s  s amp l e .  

2 .  The great maj ori ty of the c o l umns i n  th i s  s amp l e  fai l ed to provi de any 
addi t i onal  ri de-down for the dri vers . Where ri de-down d i d  occu r ,  i t  was 
gene ra l ly smal l .  J"h i s  obscrva li on wa s found to be true a t  a l l dr iver  
i nj ury seve ri t i e s . 

3 .  The s teeri ng sys tem was a maj or source of i nj u ry i n  t h i s  samp l e  and i ts 
re l at i ve i mportance i ncreased i n  the fatal  acci den ts . 

4 .  Res i du a l  bendi ng of the te l es cop i ng secti ons o f  these col umns was observed 

1 
1 
1 1 1 

' 

1 



freq uently and i t  see111s l i k t� ly that dynarn i ca l l y such bendi ng  wou l d  be ever. 
rnore cornrnon . Previ ous work has shown that bendi ng can i nh i b i t co l urnn col l 
apse . Dynami c tors i onal  l oads i n  the te l escopi ng s teeri ng s h afts cou l d  be 
an addi t i on a l  cause of col umn mal funct i on .  

5 .  I n  a l l  the fata l  i nci dents , e xcept one , maj or  s teeri ng wheel d i s torti on 
res u l ted i n  l oad concentra t i on on the dri ver 1 s  ehest  and abdomen . Such l oad 
concen trati on occurred i n  85% of the cases where i njur ies  of AIS  2 or more 
were s u s ta i ned i n  the ehest or abdomen and 62� of the i n ci dents where dri 
vers suffered i njur ies  of A I S  2 or  more i n  any body area . 

6 .  I n  acci de n ts whe re the E . T . S .  was e s t i mated , only one i nj u ry to the ehest or  
abdomen of  A IS  2 or  more occurred a t  a speed of  1 5  mph or  l e s s , the  te s t  
speed spec i f i ed i n  cu rrent  s tandards . 

_?e l f  A l i gn i ng S_teeri�_whe�}. Cases col l e cted s i n c� __ ]._9_?_� 

S i n ce the 1 9 74 ana lys i s ,  25 addi t i on a l  cases of unrestra i ned dri vers di s s i pat
i ng a l l  of the i r  torso energy on se l f  a l i gn i ng whee l s  have been s tu d i ed . T he 
di s tri buti on of h i ghest  A I S  i n  any body a rea for these dri vers i s  shown i n  
tab l e  1 5 .  The re were two fata l i ti e s i n  th i s  sub-samp l e .  Throughout the fol l ow
i ng tab les  the numbers re l a t i ng to fata l i t ies  wi l l  be p l aced i n  brackets . 

Tab l e  l S :  Di s tri buti on of h i ghest  A I S  for dri vers str i k i ng se l f a l i gn i ng 
�ys tems . 

A I S  Number 

0 0 

l 7 

2 6 

3 9 

4 1 

5 1 ( 1 ) 
6 1 ( 1 ) 

-

Total  25  

Se l f  Al  i g�_!!lg Wh�l_?_ _ __ _ l_h_e _ _ S_e ri o�_�n_9_!_a_�a_l__!!ij_ury Sub- Samp l e  

Once agai n the subset of 1 8  cases , from the addi t i ona l  data , i n  whi ch the dri 
ver sustai ned an i nj ury of A I S  2 or more i n  any body a rea has been comb i ne d  
wi th the s i mi l a r subset o f  cases drawn from the 1 9 74 analys i s  t o  g i ve a tota l 
s amp l e  of 3 7  cases of se r i ous ly  or fata l ly i nj u red peop l e .  Aga i n ,  a l l occu
pants were unrcstra i ned and  a l l  the torso contacts were s o l e l y  wi th the s tee r i n g  
sys tem . 

The make and 111ode l b reak- down amongst these: ca�;('s i s  shown i n  Appendi x l .  
W i th i n these veh i c l es ,  2 s teeri ng wheel  des i gns have been use d .  Both i nvo l ve 
a short convol uted can p l aced di re ctly beh i nd a wheel  wi th b road sheet met a l  



s pokes . The org i na l  des i gn used a three-spoke wheel and  th i s  was l ater changed 
to a two-s poke ve rs i o n .  I n  both cases the whee l i s  p l aced on a conven ti onal 
ri gi d stee r i n g co l umn . The nature of the whee l s  i n  th i s  samp l e  i s  shown i n  
tab l e  1 6  but , as can be see n ,  the n umbe rs of each des i gn avai l ab l e  are too sma l l  

Tab l e  1 6 :  Se l f  a l i gn i ng wheel  des i gn s  i n  ser i ous and fatal  samp�. 

Des i gn Number 

Three - spoke wheel 26 ( 3 )  

Two- spoke whee l 1 1  ( l ) 

to a l l ow separate analys i s .  Howeve r ,  the i ndi cati ons from exami nati on of the 
acci den ts a re that both sys tems a l i gn better wi th the dri ver ' s  ehest when struck 
' on s poke ' than ' off spoke ' .  As the two-s poke vers i on has a greater l ength of 
unsupported ri m ,  the chances of i t  be ing  s truck i n  i ts l e a s t  favourable  orien
ta t i o n  a re h i ghe r and thus i ts overa l l  f i e l d  pe rformance may be  s l i ghtly i n
feri or  to that  of  the earl i e r  des i g n .  

When mode o f  da111age to the convo l u ted can beh i nd the whee l was compared wi th 
that generated under standard ' ß l a k  Tufy ' tes ts , i t  was found that i n  on ly  
26%  of  the  23  cases where fu l l i n forma t i on was avai l ab l e ,  were the  test  and 
acci dent modes s i mi l a r .  Prev i ous  work has shown that  acci dent- l i ke modes can 
readi l y  be gene rated under tes t  by i ncreas i ng the mou n t i n'.) angl e  of the s teeri ng 
sys tem by as l i tt l e  as  1 0 ° , s i mu l a t i ng e i ther dynami c col umn movement or a 
ri s i ng dri ver  trajectory or a combi nati on of both ( 3 ) .  
Load concentrat i on was assessed us i ng the same cri te ri on as used for the ax i a l  
compre ss i on col umn cases , and for the se l f  a l i gn i ng whee l s  38% of the 37 cases 
sustai ned s u ch damage . For those s u fferi ng a ehest o r  abdomi nal  i nj u ry of A I S  2 
or  more 45% expe ri enced l oad con centrati on . 

The patterns of i nj u ry for those w i th an A IS  of  2 or  above i n  any body area 0 re 
shown i n  tab l e  l / . 

Tab l e  1 7 : Pattern of i nj�y_.f.Q..C__1b_gse _�i th _h i ghest A I S  � 2 .  Se l f  a l i gn i ng 
whee l s .  

A I S  Head and Neck Chest Abdomen Hi gher of Chest or Le gs 
Abdomen 

0 3 1 3  3 1  ( 2 )  1 2  4 ( 1 ) 

l 1 5  ( l ) 1 3  ( l ) 4 1 4  ( l ) 9 
2 1 2  ( l ) 4 0 4 1 5  ( 2 )  

3 3 5 ( l ) 0 5 ( l ) 8 ( l ) 
4 2 ( l ) 1 ( 1 ) l ( l ) 0 1 

5 l l ( l ) l ( l ) 2 ( 2 )  0 

6 l ( l ) 0 0 0 0 

I n  o n l y  8 of  these 37 cases d i d  the whee l - i nduced ehest or  abdomi nal  i nj u ry 

2 8 1  



have the h i ghest  or h i ghest-equ a l  i nj u ry score ; i n  2 of the 4 fata l s  th i s was 
s o .  

The E . T . S .  d i s tri buti on for these cases i s  shown i n  tab l e  1 8 .  The one case of 
A I S  ?J 2  ehe s t  i nj ury at an E . T . S .  of 1 0  - 1 5  mph was notab l e  for the consi de r
ab l e  addi t i on a l  l oadi ng comi ng from the l oad p l a tform i n  a v an . 

Tab l e  1 8 :  E . T . S .  di s tri l Juti on . Se l f  a l i gn i ng whee l s .  

E . T . S .  

1 0  -

1 5  -

20 -

25 -

30 -

35 -

40 + 

( mp h )  Number i n  samp l e  w i th h i ghest  
/\ IS  i n  any body area :'1 2 

-- i---· --·····---·----·-·-· -·-·---·-· 

1 5  

20 

25 

30 

35 

40 

2 

?. 

9 

7 

Not k nown 

h ( 2 )  

2 ( l ) 

2 ( l ) 

7 

-
Number i n  samp l e  wi th ehest� 
and abdom i n a l  A I S  :'1 2 

l 

0 

1 

l 

4 ( 1 ) 

---� --j 
The sex and aye d i s tri b u t i on and the rear  l oadi ng experience for these dri vers 
i s  g i ven i n  tab l e  1 9 .  These di stributi ons are not s i gn i fi cantly di ffe rent from 

Tab l e  l q :  Sex, aqe and rear l oadi ng . Se l f  a l i gn i ng whee l s .  

Number 

Sex Ma l e  34 ( 4 )  
-

Fema l e  3 
--· --

Age 1 0  - 1 9  2 

20 - 29  1 0  

30 - 39 I ( 1 ) 
40 - 49 8 ( l ) 
50 - 59 6 ( 2 )  

60 - 69 3 

70 l 
-----·· - · ··- - . ···----·--

Rea r  None 23 (1 ) 
l oadi ng Seat on ly 1 0  ( 2 )  

Scat and l uggage l 

Seat and rea r occupant 3 ( l ) 



those for the axi a l  comp ress i on col u111n cases . 

Summary of Res u l  ts for ?_eJ_�_!_j_g_!l�_g __ Whe�l� 

Ana lys i s  of these 3 7  unre s trai ned dri vers who contacted s e l f a l i gn i ng steeri ng 
whee l s  and rece i ved  an i nj u ry i n  any body area w ith  an A I S  � 2  has s hown that : 

l .  The mode o f  damage of the convo l u ted  can be h i nd the whee l  was s i mi l a r  to 
that produced undc r tes t  i n  on ly  26'.''. of the cases . 

2 .  Load concentrat i on due to di s torti on of the p l ane of the s pokes was ob
served i n  38� of  the cases . 

3 .  Whee l i nduced ehest  or  a l>dom i rw l  i nj u ry was most sevcre or equal most severe 
i n  22% of the cascs . 

4 .  On ly  one seri ous ehe s t  or abdomi nal  whee l  i nduced i nj u ry \>Jas observed be l ow 
an E . T . S .  of 20 mph .  

Compa ri son of -�xi a l��m.rr�_s_s_i_Qn_ �-1�1�-a�
d_se �� a l i gni  n_g__!l_tlee l c_ases 

The compa rat i ve performance o f  thc two types of s teeri ng sys tems i n  acci dents 
produc i  ng seri  aus or  fata 1 dri ver i nj u ry can be exami ned . Stati  s ti  ca 1 com
pari  son of the E . T . S .  d i s tri buti ons and the rear l oadi ng experi ence , age and 
sex d i s tri buti ons of the dri vers s tri k i ng the two systems revea l ed no s i gn i 
f i cant d i fference s .  Howeve r ,  the dr ivers str i k i ng se l f a l i gn i ng systems sus
ta i ned t he i r h i ghest  or  h i ghe s t  equa l  AIS  from the s teeri ng system i n  2 2 �  of 
the cases whereas for those �tri k i ng ax i a l  compre s s i on sys terns the equ i v a l en t  
f i  gure was 44·, . Th i  s d i  ffercnce i s s ·j g n i  f i  cant at the 2"1• 1 eve l o f  confi dence 
and i nd i cates tha t ,  wi th i n  th i s  seri ous and fata l  sarnp l e ,  axi a l  compress i on 
col umns are ma k i n g  a greater contri bu t i on to i nj u ry than se l f  a l i gn i ng whee l 
sys tems . 

Th i s trend cou l d  be e xp l ai ned by d i fferences i n  other parts of  the car . For 
i n s tance , i f  the cars wi th se l f  a l ·i gn i ng v1hee l s  a l so conta i ned knee and head 
i mpact a reas that werr. markedly more agres s i ve than those ava i l ab l e  i n  cars 
wi th  axi a l  compress i on co l umns , the s ame trend cou l d  emerge wi thout i ts bei ng 
a true ref lect ion  of a d i fference i n  s teer i ng system performan ce . I n  p racti ce . 
the oppos i te appears to be true and the absence of  the re l at i ve l y  st i ff col umn 
s upport s tructure s  requ i red for axi a l  compress i on col umn s seems to l eave the 
s e l f  a l i gn i ng whee l veh i c l es i n  thi s s tudy wi th l e s s  dangerous knee i mpact areas . 
The absence of an ear ly h i gh l oad  knee contact a l so seems to g i ve the dri ver 
a s l i gh t ly l ower t raj ec tory than otherwi s e  and th i s  has  benef i ts i n  keep i ng 
the dri ver ' s head be l ow the wi ndscreen header rai l ( 2 ,  3 ) . l t  i s  thus fe l t  
that  the d i ffe rence i n  the re l at i ve contri but i on of the two steeri ng systems to 
seri ous and fata l  i nj u ry does i ndeed refl ect a rea l  d i ffere nce i n  the f r  per
formances . 

Further , the i n ci dence of ehes t  or  abdomi n a l  i nj u ry of A I S  2 or  above was found 
to be s i gn i f i cant ly  d i fferent a t  the 2 , .  l eve l of con f i dence . I n  the axi a l  com
pre ss i on cases , 54% of dri vers susta i ned such i nj u ri es whereas i n  cars f i tted 
wi th  se l f  a l i gn i ng whee l s  30 of dri vers rece i ved  i nj u ri es of th i s severi ty . I f  
the occurrence of ehest  or  abdomi n a l  i nj u ri e s  of A I S  3 or above for the two 
s teering  sys tems i s  e xami ned s tati s t i ca l ly )  there i s  found to be a s i gn i fi cant ly  

287  



h i gher i nci de nce , a t  the 1 : .  l evr l  of confi dence , of  these i nj u r i e s  amongs t  
dri vers stri k i ng axi a l  compress i on col umns . 

I mpl i cat i on s  �o!__?_?fety�tand}rds �ontro l l i ng Stee ri ng  System yerfoc�a n�� 

Tes t  work conducted on s teer i n g  systems be l i eved to be representati ve of the 
des i gn s  ana lysed in th i s  paper has been reported i n  fu l l i n  reference 2 and i n  
summary form i n  reference 3 .  These res u l ts . together wi th  th i s  f i e l d  öna l ys i s ,  
a l l ow the fo l l owi ng suggest i ons to be made regardi ng i mp rovements to the curre n t  
standards . 

P resent  tests do not reproduee the modes of whee l and co l umn damage observed i n  
the f i e l d .  Axi a l  compress i on eol umns p rov i de addi t i on a l  ri de-down under test  
but  rare ly do  so under rea l  aeei dent l oadi n g .  S tee ri ng  whee l damage i s  re l a 
t i ve l y  mi nor unde r tes t  but frequen tly extens i ve i n  the f i e l d .  Thi s whee l 
damage resu l ts i n  l oa d  eoneentra t i on on dri ve rs ' ehe s ts . The modes of damage 
of the eonvol uted eans of s e .l f  a l i gn i ng whee l s  i n  aeei dents tend to be d i ffer
ent from those observed under te s t .  These di fferences can a l l  be overcome by 
mount ing  the s tee r i ng system a t  approxi mate ly 1 5 ° above i ts norma l moun ti ng  
ang l e  i n  the present  te s t  ri g .  

I n  the fi e l d ,  l oad eoneentra t i on seems to be assoei a ted wi th seve re ehest and 
abdomi n a l  i nj ury and , i ndeed , i t  wou l d  be  most su rpri s i ng i f  thi s were not s o .  
The eurre n t  peak l oad i nj ury eri te ri on takes n o  aeeount o f  l oad d i stri but ion  
and  unti l th i s  i s  re f l eeted in  the i nj ury eri teri on , i t  i s  un l i ke l y ,  i n  our  
opi n i on ,  that  great  i mp rovements wi l l  be made i n  the  fi de l i ty of the  te st i ng . 
Re l i ab l e  dynami e measuremen t  of l oad d i s tri buti on i s  not  easi ly  aeh i e ved and 
i t  i s  sugges ted that a s i mp l e r  approach m ight  be usefu l . The two fea tures 
wh i ch th i s  work s ugge s ts a re parti cul arly benefi e i a l  are : 

l .  that a reasonab l e  s i zed total a rea  of l oadi ng i s  avai l ab l e  for the ehest 
i mpaet and 

2 .  that thi s area i s  a l i gned 1v i th the ehest before l oads beeome too h i g h .  

The s i mp l e s t  way o f  spec i fyi ng such pe rforinanee mi ght  be to requ i re a eerta i n  
mi n i mum s teer ing  whee l spoke area , as def i ned  before the tes t  and bounded by 
a s u i ta b l e  number of  event ma rke rs , to be i n  eontaet wi th the dummy ' s ehe s t  
before the resu l tant  l oad has rea chcd a gi ven l i mi t .  The va l ues ehosen for the 
l oad ing  area and the l oa d  by whi eh a l i gnme nt mu s t  have oeeurred eou l d  best be 
defined by a seri es of tes ts on a range of des i gns of s teeri ng sys tems wi th 
known fi e l d  performanee . I n  th i s  way the modi f i e d  p roeedures eou l d  be erude l y  
cal i b ra ted f rom f i e l d  ev i denee . By way of  an e xampl e ,  the se l f  a l i gn i ng sys
tems in our tes ts p resented a spoke a rea  i n  e xeess of � 50 em2 before l oads had 
e xeeeded 5 kN . These resu l ts were achi eved even when the system was tested 1 50 

above i ts norma l moun ti ng angl e .  I n  eompari son the axi a l  eompres s i on eol umn 
when tes ted 1 5(1 above i ts norma l moun ti ng ang l e  p rodueed no ri de-down , con
s i derab l e  whee l  d i s torti on and offered a spoke eontaet area of  the order of 
30 em 2 at peak l oad . The va l ues  of peak l oad  i n  the two systems tested i n  th i s  
way were 'i n the range of 7 - 1 0  kN , a l l  e l ear  ' passes ' as j udged by the eurrent 
eri te ri o n .  

More work i s  req u i re d  o n  a greater range o f  s teeri ng systems before defi n i t i ve 
fi gures can be suggested for the appropri ate eol umn mounti ng ang l e  to be tes
ted and thc a rea  and a l i gnment l oads whi ch shou l d  be requi red .  l t  i s  hoped , 
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however ,  that the above pri nc i p l e  can be d i s cussed and may poss i b ly  form a use
ful  base for manuf actu rers ' ' i  n - house ' s tandards . 

Con c l u s i on s  and Observat i ons 
--- ------ ------ -·----

The ana lys i s  of these 1 6 4 cases has reve a l ed the s ame trends as were apparent 
i n  the i n i ti a l  a na lys i s  pub l i shed i n  1 9 74 ( 2 ,  3 ) . 1he l arger numbers i n  the 
p resen t ana lys i s a l l ow g reater confi dence to be p l a ced on the conc l us i ons a n c! 
i l l us trate that the shortcomi ngs evi dent i n  1 974 i n  the s tee r i ng col umn stano
ards a re s ti l l  wi th us . The mai n poi nts to emerge are : 

l .  Wi th very few excepti ons , axi a l  compre s s i on steeri ng sys tems i n  the mode l s  
of  cars i n  thi s samp l e , des i gned to comp ly  wi th cu rrent Federal and E u ro
pean Safety S tandards , are fai l i ng  to operate i n  the i r de s i gned mode i n  
seri ous and fata l  i nj ury acci dents . T h i s ma l functi on seems to be b rought 
about by dr i vers s tr i k i ng systems that have su stai ned damage due to pri 
mary crush a t  trajectori es that are not tes ted by curren t  l eg i s l at i on . 

2 .  The consequences of the col umn rna l functi on a re that maj or  s teer ing  wheel  
deformati ons a re occurri ng whi ch resu l t in  l oa d  conce ntrati ons on  the 
dri vers ' chests . l t  seems h i gh l y  l i ke l y  that such l oad concentra t i on 
must l owe r the l oads that can be to l e ra ted  wi thout i nj u ry . The amoun t  of 
wheel  damage seen i n  cases where seri ous  ehest  i nj ury has res u l ted  i s  
qu i te d i f fe re n t  from that produced under s ta ndard test i ng cond i ti ons . 

3 .  The se l f  a l i gn i ng s teeri ng systems a re genera l ly p resen t i ng l arger areas 
for dri vers ' torso i mpacts i n  acci dents . Mechan i ca l ly they seem to 
tol erate di srupti on due to pr ima ry damage much more sati sfactori ly  than 
axi a l  compre s s i on sys tems and are capa b l e  of offeri ng protecti on i n  a 
far g reater var iety of crash con di ti ons . 

4 .  For dri vers s uffe r i n g  serious  or  fata l i nj u ry ,  those s tri k i ng axi a l  com
p ress i on col umn s were more l i ke l y  to rece i ve the i r  mos t  severe i nj ury from 
the s teeri ng sys tem than those who struck s e l f  a l i gn i ng whee l s .  A l so , 
dri vers s tri k i n g  ax i a l  compress i on co l umns recei ved ehest or  abdomi n a l  
i nj ur ies  o f  A I S  2 or  above and A I S  3 a n d  above more f requently than dri 
vers contacti ng  se l f  a l i gni ng whee l s .  A l l these d i fferences were stati s 
t i ca l ly s i gni fi cant  a t  a t  l e a s t  the 2 '/  l e ve l of  confi dence . I t  was demon
s trated that no s i gn i fi cant di fference exi s ted  between the E . T . S .  d i s tri 
b uti ons , rea r  l oa d i n g  experi ence and sex and a ge d i stri but ions for the 
two groups of dri vers . 

5 .  I n  the g reat  maj ori ty of f i e l d  cases the modes of damage to the s teeri ng 
sys tems were u n l i ke those produced by tests requ i red  by cu rrent s tandards . 

6 .  Torso i mpact ve l oc i ty of 1 5  mph appears to be l ow when compared wi th the 
severi ty of a c c i de n ts caus i ng scr i ous whee l i nduced ehest and abdomi na l  
i nj ury i n  tllc� f i e l d .  

7 .  S i mp l e  modifi ca t i on s  to the current dummy torso tests have been suggested 
whi ch a l l ow a )  f i e l d  a c c i dt? nt  damage to be more accu rate ly  reproduced and 
b )  the i nj u ry cri te r ion  to be mod i f i e d  i n  such a way as to en courage 
systems wi th good l oad spreadi ng propert i es . 
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APPEN DI X l 

D I STRIBUTION  OF CAR MAKES AND MODE LS 

ALL I NJURY SERIOUS  AND FATAL CASES 
SEVE R I T I E S  
COLLECTED COLLECTED COLLECTED ALL  

AFTER BE FORE AFTER TOTAL FATAL 
1 9 74 1 9 74 1 9 74 CASES 

SELF AL I GN I NG WHEE L  CASES 1 

Ford Es cort I 1 0  4 7 1 1  l 1 
Ford Es cort I I  9 - 6 6 1 
Ford Capri I 3 1 4  2 1 6  2 
Ford Capri I I  3 - 3 3 -

Ford Zephyr - l - l -

TOT /\L 25 1 9  1 8  37 4 

A X I AL COMPRES S I ON COLUMN CASES 

Ford Corti na I I I  ( p re . E . Fac i a  22 l l  1 7  28 6 
Ford Corti na I I I  ( E . Faci a )  2 ·1 - 1 7  1 7  7 
Ford Corti na I V  2 - l l -

Ford Granada 7 - 6 6 -

Vauxha l l H . A .  Van l - - - -

Vauxha l l  H . B .  V i va - 4 - 4 l 
Vauxh a l l  H . C .  V i va 5 2 3 5 - 1 Vauxha 1 1  F i  renza  2 l l 2 l 1 
Vauxha 1 1  F D  V i ctor l 6 l 7 4 1 

Vauxha 1 1  FE Vi ctor 5 - 3 3 2 1 Vauxha l l Chevette 3 - 2 2 -

Ope l Record l - l l -

Ope l Manta 2 - 2 2 l 
Ope l Kadett 2 .. 2 2 l 
Datsun l OOA  3 - l l -

Datsun 1 20 4 - 4 4 l ! 
i 

Datsun 1 608 l - l l -

Datsun 1 80 3 - 3 3 l 
Datsun 240Z l - - - -

Datsun 1 200 2 - l l -

Honda Accord l - l l l 
Honda Ci v i c  1 - l l l 
Toyota 1 000 l - l l -

Toyota Corona Mk . I I  J - 2 2 l 
Toyota Crown 1 - l l -

Toyota Coro 1 1  a l - 1 l l 

TOTAL % 24 73 97  29 
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