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1 .  HACK(;ROl lNI l / OH.JLC'I' 1 V I :  1 1 1 :  Tl l l :  S'l'L J l lY 

' l'hc scat unqucs t.iona h  l y  rc' p rcscnts : 1 1 1  i mpo r t u nt o lcment for thc vehic.1.c occu
p:mt p rotcc t j on sys tc111 . l t  i ndccd p l :1ys <1 s i gn i ficant roJ.e i n  thc protectivc 
effoct of thc safcty bc l. t ,  ; 1s  1vc slw l l  shrnv in the following ( 1 ,  2) . 

To begin, safcty bclt statis tics thcmselves have reveale<l bel t-related injury 
pattcrns which make clcc:i r thc s i gni L" i cu ncc o r  thc seat. 

The characteristi c s  or thc l m,·c r sc:1 t rrnme1vork arc respo ns i blc for thc kinc
matics o r  the bc l tcd- i n 0L·l· 1 1p; i n t , ;m<l ; 1 rc thc rcforc dctc rmi ni ng for the mannc r 
of i ntroduc ti on of rcs t rn i nt l'o rcc:-; i nto thc occupant ' s hociy . 

J\ systcm; 1tic  s t udy o r  sc:1 t - s : 1 f r ty hc l t  i ntc rn c t:i.on is thcrc forc urgently 
ncccssary . Th i s  urgcncy is  ; 1 1 1 thc grc;i tcr s i nce thcre are nei ther nationa l 
nor i ntcrn< 1 ti on:1  l rcg1 i 1 ; 1 t i o 1 1s  o r  s t : t mll t rds \vh i ch s t i. p u l t 1 tc n 1 i ni mLm1 rcqui rc 
mcnts fo r vch i c l c sc: 1 t s  i n  L l 1c i r  i n tc r: ic t i.on with thc safcty bclt undcr conc.J .i 
tions of fro nt: i l c ras h .  'l'hc' \\'C l 1 - k nrnvn rcq Lri remcnts for the s trength of seats 
alonc , i n  ; 1ccn rd: i 1 1cc w .i t h  1 :c 1 :  Hcg .  1 7/ l :�wss 207 , do not J i rcc tJ y conccrn thcsc 
i ntcrn c t i ons . 

The objcctive of this papc r  j s  a systcmatic rcpresentation of the influence 
of scat dcs ign on thc c f  Ccc t i  vcncss o r thc t h rcc-point automatic be l t  system. 
It sha l l  u lso rcprcsc n t  ;1 h r i c !' ; 1 1 1; i lys i s  anJ i ntc rpretat i o n  of parallels with 
results frorn othcr s tudy sou rccs . l nvcs t.i gation has bccn made of c urrent pro
duction scats undcr r ro11t : 1  l L· rnsh L·ond i t i.ons . 

2 .  Tl:ST C :ONLl l ' l' J.ONS 

Tests wc rc pc rfonncd 0 1 1  ;1 p11ctum1 t i c  c: ttl lpu l t ,  s i m.il.nr to thc Bcndix systcm, 
1v i. th thc ; 1dv; i 1 1 t ; 1gc o i' l': 1 s i l )' rc p rnd 1 1L· i h lc prccond .i tions . 

Sled decc 1 c rn t  i. 0 11 1v:1s ; 1 1 1  ; 1 pp ro x i  11 1 ; 1tc 28-u , h; 1 . l.l-sinc pulse 
70 m.illiscconds , 1v i. th ;1 t::., ·  \ l l l uc 0 1· ; 1 pp roxlm:- 1tc ly 40 km/h . 
dwnmy ( a Pa r t  5 7 2 ,  50'� ma 1 1)  \\"<IS uscd i n  conj wKtion wi th a 
vided with co111p l ctc llll' ; 1 s m i  l lg ; l J ld fi .l nri ng systcms . 

1<1sti ng for 6 5  to 
Thc fuJ ly cqui ppcd 

s led system pro-

The techn i c; 1 l c vl! . l u�1 t i o11 o r  thl' d ; 1 t ; 1  g; 1 thc rcd was perforrned i n  thc convcn
tional ma11nc r .i n  ; 1cco nl\111cc 1vi th F�i\'SS 208 . Mcnt.ion mus t bc made , h rn-:cvc r ,  
that thc h .i gh-spccJ 1· i l m  lSOO 1·r;J111cs per scconc..1 )  was subj cctcd to highly 
soph i s  ti rn tcd cv; t l  ua t i on tcL·hn i 4 ucs fo r thc dctcrmination of the t rnj cctorics 
;mu ro t<1 t l o n  o r  thl' d LUIDllY hc; 1tl , ehes t ' pc l v i s ,  a nd k ncc . To <.1ccomp l ish th i s ,  
.it was nccc s s ; 1 ry to prov i dc t hc dLmuny skc l c ton with special marki ngs-a method 
c..lcscri hcd i n  g re:i t c r  dct: 1 .i l i n  thc ncxt sccti on. 

Parallux d .i s to r t i.ons , unavoüb h k i n  such tcsts , were c l i mi nated in the film 
evaluation hy mca ns o f  gcornc t r L c p l ; 1 11 vicw reconstruction. 



2 .  1 Setup o r tcs t i ng 

Care was takcn during tes ti ng of thc seats on thc ca tapul t s led that excessi vc 
simpli fication o f  the reality of actual velüc le i ntcrio rs d i d  not occur : such 
could change o r  even reverse the principal tcndencies of the test results . 
Certain we l l -k nown i n fl uences of thc i ndi vi dua l vehicle pulse fonn, the rigid
i ty of the i nterior s t ructure (be l t  a nchor po i nts , car floor complex, e tc . ) ,  
and the l i kc , 011  the leve l o r  loadi ng \vc rc : 1rccptcJ wi thi n thc context o f  
greater s t r i ngcncy j 111poscc.J h y  s Jcd co nc.J i t ions J css ravorab le than thosc i n  
actuaJ veh i c l e s . 'l'h i s  is j us t i f i ed hcc;rnsc thc k i nematic variables a rc not 
hus i c1 l J y :1 ffcc tcc.J t.hc rchy , as thc rcsu l t:-; hc 1 O\v \v i J J  show . 

Thc seats wi th thei r o rj gina l s 1 i. dc motmt. i.ng n nd occupant adj us ting fixtures 
we re d g i. d l y 111ountcd to thc s l i dc r r; unc i n  thc i r  o rigim l a ngul a r  configura t i o n  
anJ a t  thc .i r o r i g i na L dista1KC rro111 thc \"Cl lic l c  floo r .  ühse rvance \vas takcn o r  
the i ns ta l l a t i o n  con[i gu ration i n  thc respective motor veh icle. The durruny 
seating posture was cont ro l l e d  ; 1 t  u const;rnt angle of i nc l i nation of approx
imately 1 1 0° to the horizont;.1 1 .  /\ n  : 1dj ust�1h l c  foor suppo rt enab lcd approx
imation of the c.JLUrnny ' s  legs to ;1 rc u l  i s tic posi t ion of the 50% man for thc 
respecti ve veh i.clc i nteri o r .  

The sarne s t; i nd; i rc.J t h rce-po i. n t : 1 utom� 1 t i c hc.l t o r  onc .ECE- approved make was 
mounted Cor ; l l l  tcs ts a t  a u 1 1 i r1Jr111, spcc j Cj L·a ! J y de [i ne d  geome t rical be l t  
configuration.  ln compa rison to the i ns ta l lat ion geome t ry of thc actual 
cor respomli ng vch i.c les , the rc l ; 1 t i o11sh i ps ; 1ch i e vcd wcre e i thcr cqua lly effec
t i vc o r ,  in i. m li vülu: l l  c 1 scs , 111on' fttvo ruh J c  (e . g . , lap bclt angle s tccpc r , 
buckle pa rt shorte r ,  e tc .  ) . 

An i ns t n uncnt p;1 11c J ; 1 1 1d :1 s t cc r i ng sys te111 ive re not i ns t<..1 J i ed on the s l cd-dcs
p i te the signi r i cancc of thc l m"e r i_ns t nllllcnt. pane l obsc rve<l in actua J auto 
accidents . In s uc h  actua J l y  ohscrvcJ accident cases , the very commonly 
occurring k1K'C i 111pact p rcvc 1 1 t s  111orc sc r i.01 1s i nj ur i es to thc abdomina l area 
by v i rtue o f  rc.l ievi ng t hc L m d i 1 1g o r  t hc J ; 1 p  bc J t .  �ta s u rcmcnt o f  the [rce 
paths opcn to thc occ up; 1 n t ' s k nccs i 1 1  v;1  r i  ous J : 1 1ropea n vehic lcs resul te<l 
namcly i n  the d is cove ry t h;1 t k 1 1L't' i 1 11p: 1 c t  c:tn occur only i n  a later phasc at 
the e nd o C  the t rajcct.ory / l m d i  1 1g scq1 1c11ce o r  thc occup:111t.  By this time , 
howe vc r ,  thc sc; 1 t  ; 1 1 1d t hc hc 1 t h : ivc :1 l rc : 1c.Jy p rcdomirn:mt ly detc rmine<l the kine
matics an<l thc type o r occ up; l l l t 1 0;1di ng . The occurrence of knee impact i n  
p rese nt-tb y vch i c l es c; 1 1 1  h c  cons i dc rctl on l y  ; 1s  an in<lication that somcth ing 
incorrect lws lwppc ncd 1vj th rcspcc t to thc k i nematics , c . g . ,  that excessi vc 
lower-body Ji sp Lac emc nt h: is  occ u r rcd . 
Tes t i. ng \vl ls  the rc forc pc r fo nncd \\1 i thout : 1 11 i ns t rLU11cnt panc l :  fi rs t l y ,  in 
or<lcr to be ah J e to dete rniine ; 1 ml 1 1 1e ; 1surc thc i solated seat-safcty bc l t  intcr
action in the c ri tica l prc l i mi m  1y plwscs . Thc instrumc nt pancl was left out 
seconclly bccc1 use ,  on thc wholc , ; 1  k ncc- i.ns t nunent panel .impuct s i gni fies 
k inematic d i s ; 1dvant<1ges 1vh i ch in : 1 ny cnsc shou.l d be avoidetl by uti li zation of 
the lap he l t  ( i . c „  i r no sys tc111; 1 U c  u L i  l i z.ation is madc i n thc first place o f  
sys tcms 1.1üfw1 1 /, l i 1 p  I K d t s 1-vh i c h  :1 rc dcs i gncd cs pec ia lly to c.on.si<lcr the knce 
impact p roh l l' 1 1 1 ,  c . g . , thc VW-1�\ sys tc 11 1 ) . 

:1 . 013JJ�CJ' OI :  Tl :s' l ' I NC :  VLl l l CLI : s1 :.,\T 

Only the s t ruc t urc o r  the se<.1t c u s h ion an<l o [  the seat cushion support with 
console ure o [  s igni ficc1 11ce ror our stuc.Jy o f  [ronta l c rashes . 

? C)  1 



:1 .  1 Clnssification of pro<..luction scats 

The seat cushion structurc of present-day prn<..luc tion seuts can bc brokcr. e101·m 
into three typical structural groups . Thcy a rc ,  ncco rdi ng to Fl G .  1 ,  as 
follows : 

frame 

mount1ng 

steel coli nett1ng 
or elast 1c belt 1ng · 

lrame 

Seat Des i g n  
l pr o d u c t 1 on s ea t s )  

seat cover 

mounting- --1:7-=::':.;!J 

sheet metal 
pan • 

lramework-

mount1ng 

so.lt faam 

Type S C  
!spring cush1oning) 

Type S C/SF 
lsteel co1l nett ing or 

Plast1c belting. 
with soft loam ) 

Type SF 
!soll loam o n  sht!et 

metal  pan ) 

F19 1 - Seot des1gn of 3 current productian seat types 

�IJT.2. �-� : Spri ng-cushion 

A shect metal framc with 
sprj ng ccnter in cushion 
fo n n ,  : 1 11d covcr :  thc 
c lass ic n  l spri ng-cush i o n  
seat 

� SC/SF : Spring-cusJ1j� 
with soft foam 

f\ shcc t  mc tal framc wi th 
stec l coi l nctti ng or c l w.;
tic bc l ting in s upport o f il 
soft foa111 cushi on i n  seat 
form 

Soft foa.in 
f\ sheet metal pan (self
s upporti ng or mountea on 
tubuJar framc) wi th s o ft 
foain l'l1shion i n  scat fo nn 

Basic J i ffcrcnccs i n  thc 
ücsign of thc seat cushio1 1  
s t ructurc ca n bc c< 1si]  y 
rccogni zcd . This i s cv id1 : n t  
both cis fa r  as comfort a rn l  
subj ec ti ve s i t t i ng ' '  fcc J "  
arc conccrncd, a s  wcl 1 as 
for thc c omprcssion and pcnc

tration charac tcristics obscrved for s trapped-in passcngcrs in the case of 
head-on crashcs . 'lhcse di fferences are of fundamental nature and cover a 
broad spectrwn of dcsign;  their basic di ffcrences cannot be cxplained away by 
any alleged " ö daptntLon" to thc frcqucncy rcsponsc of thc vehicle sys tcm 
alone . 

4 .  E X PL/\Nf\T LO i\  0 1 : ' 1 ' 1 1 1 ;  \i ,\ L lJ ;\ 'J ' l O N T EC l l N l Q L J E  

Va luation pn r;1111l' t c rs l l l l lS t i 1 1  t h i s  l'Olltl' X t  he Jc lincd ror v11 l u; 1 t io11  o l" t hc 
l oaJ i ng : 1 1 1t i  0 1· t i lt' k i 1 1L' 1 1 1 ; 1 t i l· s  u 1· t l 1l' l o: 1t l i 11g p rnccs s .  

'L 1 l .txtd i 11g l' r i t c r  i ; 1  

The FivNSS 208 loaJi. ng c r i Lc ri < t  : 1 l onc < t rc not s u f ficient fo r  vu luation o f  thc 
infl uencc o f  thc scnt on s: 1 l'cty hc l t  c ffcctj vcncss ( 1 , 3) . These wcl l-known 
critcriu \\1crc ,  howcvcr , 111c<1surcll , c: l l c u l 1 1 tcd,  und lis ted. 



4 .  2 Kincm;1tfr cv: 1 l 1 1a t. i on parwnetcrs 

Tue kinematic cval uation parameters serve the purpose of classi fying the 
manner of occurrcncc o.f the loads on the passcngc r ,  i . e . , of j udging the 
e ffect of thc morc or lcss biomechanically Lworablc points an<l directions 
of application for rcstraint forccs on thc occupant ' s  body . 

FIG . 2 reprcsc nts thc durnmy skeleton in its i ni tia l posi tion , i n  the 
stationary :x:-::  coorJinatc system. 

; 

F19. 2 . Marking scheme and angle def1n1t1ons for 

determ1nations of dummy k1nemat1cs 

z 

'J'hc measur ing points , rigidly 
fixed to the skeleton, can be 
scen at thc thorax, pe lvis , and 
knec . In addition, direction
al a rrows wcre mountcd a t  
measuring points S '  (fixed 
thorax) and B (fixed pelvis) 
for clearcr indication of thc 
anglcs o [  rotntion. This i s  
shown i n  FI C .  Z a  (see next 
pagc ) . 

The positions of installation 
Co r thc po i nts S' anJ ß wcrc 
cl1oscn such that thesc points 
form thc i ns tantancous center 
i n  fi r s t  <tpproximation for thc 
crash-caused re lative move
ments of the body segments. 
The measured angles y ,  ß ' , and 
y ' defined here in detail in 
FIG. 2 have proved to be 
easi l y  ; 1  ml cxac tly mcasurablc , 
and proviJc pa rticularly con
clusi vc Jate1 [or the durruny 
ki ncmat:ics . 

4 . 2 . 1  Si.gni ficance of thc 
ang l e  o f  pc l vis rotu
tion y r 

The angle of pelvis rotation 
y ' i s clefined here as the an

gle between the thorax l i ne when displaced paral lel up to the point B, and 
the cross-sectional plane through points H and B of the pelvi s .  l t  is used fo r 
direct measurement of the bend i ng of the lumbar spine .  The pel vis rotation, 
caused primari l y by thc scat char;1ctcristics , i n rl uern.:es thc enti re dummy 
kinematics . The mecha11ical 111oclc 1  of the pel vis as shown i n  FI G .  3 clarifies 
the basic and c ri t i c<l l rc l n t i onsh i ps un<lcr thc i nflucncc of thc l ap he lt .  
The lap hc l t  rorcl' 1 : 1 , 1 ;  ; 1 l \v ; 1ys ; 1c t s  : 1hovc t hc common centc r  o r  g rnvi ty P of 

pel vis an<l rcmu r .  l.11 tlüs wny , tlw rorcc o r  rcac tion of the seat F . pro-
s1 

vülc<l via thc l mvc r sc; 1t  [r;1 111c\\·o rh. : 1 1. o nc i 11 1
·1 ucnccs thc magni tudc of thc 

internal forccs �!, N ,  anJ (� of thc I Lunbar spi nc .  The crux o f  the problem con
s i s ts i n  the poss.ihlc i.mbal a ncc o 1· cxtcrna 1 Corces and moments which can lead 



to signi ficant i nternal reaction 
loading of the l wnbar spinc .  
Excessive lwnbar spine fl e xurc 
signi fies biomechanically un
favorab le configurations o f  
the l wnbar spine and pelvis , 
as we l l  as lower thorax seg
men t ,  w i th respect to the be l t .  
This i s  because the pe lvis 
ro tation,  i n  conjunction with 
s ink i ng of the pel v i s  contour 
into the seat cushioning, 
causes a vcrtically downward 
displ accrnent of the thorax and 
l cads to s l iding of the l ap 
bclt up ovcr the i l iac crest. 

The modcl representation in 
FIG. 5 furthennore makes clear 
that the k i nematic behavior o f  
the dw111ny re l e vant to thc eva l 
uation o [  seating character
i s t i cs mus t  rcact extraordi
narily sensi ti vely to the pre
determinat.ion of flexure char
acteristics o [  the l wnbar 
spine and thc other deforma
tion charac teristics invol-
ved .  I n  ti1c cc1se o f  the 

tumbor spine 

center of grovi ty P 
of pelvis ond femur 

FIG.  2a 

Mounting of 
markings and 
mark i ng arrows 
for indication 
of k inema tics 
during crash 
tests 

internol forces 
of lumbor spine 

Fig. 3 :  Forces on a lap - belted model 

of pelvis and lumbar spine 

2 9 6  



T J\ 13 L E  1 :  E \'t\ LUJ\T I O� P:\R,\MET E R S  FOR 1\ l NHIJ\Tl C S 

Evaluation 
paramcter 

ß '  max 

a. max 

= f (x ) P max 

y 1 max 

l.)csc r ipt ion Rcspons ible for 
i nfl ucnce on: 

l lE,\D / :-; E C K  

Na x i m um h o r i : o n 
t a l  h e a J  d i s -
p l  a c e me n t  

Maximum ve rtical 
head displ m.:cment 

�laximtun ang le of 
neck antcflcxion 
relative to thc 
thorax 1 i nc 

Maxi rmun vcrtical 
thorax displacc
mcnt a t  moment of 
max .  hori z.ontal 
thorax <lisplace-
ment xTh max 

Thorax angle to 
the horizontal a t  
the moment o f  max. 
upper be l t  loading 

�la x . horizontal 
displacen>cnt of 
pe l vis lpoi nt I I) 

Max. vertical <lis
placerrent of pe l vis 
(point I I )  at thc 
mon�nt of max . 
hori:ontal pelvis 
<lisp laccmcnt 

�lmdmtun angle 
o f  pclvis rota
tion relative to 
thc thonLx li nc 

Head to s teering 
system and instru
ment panel impact 

l lead to s teering 
system and instru
ment panel impact 

Neck inj uries causc<l 
by hyperanteflexion 

Tl lORAX 

Loading of lower 
thorax arca (ribs 
5- 1 2) 

Incrcase of vertical 
upward component of 
loading direction on 
lower thorax area 

Loading of lower 
thorax area (ribs 
5- 1 2) 

lncrease of vertical 
upward component o f  
loading direction on 
lowcr thorax area 

P E L V l S  

Thorax posi tioning at 
the momcnt of the max. 
shoulde rbe 1 t forcc 

Compression and 
hending of the 
l LUllbar spine 

Vertical impact 
severity 

13asic gui<lance of 
motion; lwnbar spine 
loa<li ng; poss ib il i ty 
of knee impact 

Values reached on 
cnergy-absorbing 
research seat 

500 rrun 

400 rrun 

Static threshold 
of pain: approx. 
75-80° ; approx. 
90° for dunvny 
rubber neck ! 

20 111111 

90° 

As per ECE R 1 6 :  
1 50- 200 ßUTI; 
Research seat: 
160-220 111111 

30 nun 

( table conti nued on 
next page) : 

40-50° 

Z97 



Hybrid I I ,  Part 5 7 2  dLUTUny , 
this i s  a specifically pre-
stressed cylindrical rubber 
block element. 

If one s tudies experience 
gained wi th thc behavior of 
the lwnbar spinc in ca<lavcr 
tes ts , then one mus t care-
f ully consider the lwnbar 
spine charac tcristics of 
the tes t <lLUTUny . The dwnmy 
lwnbar spine i s  i n  fact 
stiff in comparison: thi s ,  
however ,  does not a ffect the 
basis for the results dis
cusscd here . 

Table 1 l i s ts the kinematic 
eval uation paraire ters and 
explains thei r  biomechanical 
significance. In an exam
ple , measurc<l values of 
thesc pn nunctcrs are gi ven 
in the last column: they 
were deterrnined for a 
research scat with simul
taneous reduction of ti1e FMVSS 
loading ( 3 ,  4 ) . 

l t  is demonstrated here that 
the reprcsentation of loading 
involved is consicierably clar-

Seat - safetybelt interaction 

Fig. 5 :  Initial and final posit ion of 

belted d u mmy scelet on on 

soft prod u c t ion seat 

ified by the inclusion of the kinematic evaluation parameters . Furthermore , 
the classic loading critcria alone not only provide an incornplete picture
thcy can crcate an complctely false picture of the loading process in border
l i ne cases , e . g . , for s ubmarining cases . 

5 .  ANALY S I S  O F  TI W T L S 'l' R E S LJ L T S  

Table 2 provi<lcs a swrnnary o f  the nwncrical resul ts of the individual seat 
tests on the basis of thc uniforrn, easily reproducible sled test condi tions 
described above . Two rcprcs cntative tests per seat type were chosen for this 
tab lc .  

We admit again at this point ti1at the actual s i tuations i n  the respective 
vehicle intcriors could possibly result in slight variations in the numerical 
valucs . From our s tandpoint, howc ver, there is no i ndication whatsoever o f  a 
revcrsal i n  ti1c tcn<lcnö es <liscussed below under possible actual condi tions . 

5 .  1 Dummy loading 

Nothing extraor<linary is to bc scen i n  thc numerical results for the loading 
of the dunnny as shown in colw1ms 3 to 7 of Tablc 2 .  The loading values mea
surcd are noncritical as j u<lged by FMVSS 208, i f  consicieration is taken of the 
normal distrihution to be found i n  crash test measurernents . 
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2 
3 

4 
5 

6 
7 

8 
9 

L
O

AD
I

N
G

S
 

O
F

: 

H
e

a
d

 
T

h
o

r
a

x
 

P
e

l
v

i
s

 
H

e
 a

d
 

M
a

x
im

u
m

 
M

a
x

. 
d

e
-

M
a

x
im

u
m

 
d

e
c

e
l

e
r

a
t

io
n

s
 

c
e

l
e

r
a

t
io

n
s

 
d

is
p

l
a

c
e

m
e

n
t

s
 

T
y

p
e

 
T

e
s

t
 

aTh 
r

e
s 

Qp X
 

ap :; 
xH m

a
x

 
""H 

m
a

x
 

o
f

 
H

I
C

 
S

I
 

n
o

. 
[ g) 

s
e

a
t

 
lg ] 

[g] 
[mm

] 
[::im

] 
Cl) E-< � [ll Cll 

S
C

 
5 

813 
47 

330 
25 

33 
510

 
480 

5 
S

C
 

23 
536 

49 
290 

37 
37 

550 
440 

H
 

{) 
S

C
/

S
F

 
3 

677 
51 

360 
30 

41 
540 

460 
5 

S
C

/
S

F
 

4 
875 

50 
390 

20 
38 

480 
500 

0 g; 
S

F
 

11 
10

36 
47 

270 
26 

28 
550 

500 
S

F
 

20 
688 

55 
320 

32 
35 

580 
510 

TABLE 2: 
\UNERICAL TEST RESULTS 
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Attention mus t be callc<l, however, to type SC of the production seats , in 
test no. 23, to the extraordinarily small l llC value and the small pelvis 
decelerations . This can be explained as part of an extreme , c l assical sub
marining scqucncc an<l thercfore stands out i n  comparison to the other pro
duction scats . This example is renewed eviclence of the well-known and sig
nificant phenomenon th�t, precisely under classic submarining conditions , the 
FMVSS 208 limi.ts can hc cs pcc ial ly easily ohserved-with the unfortunate 
result, however, tho l lhc oucupant will have it particularly rough. 

5 .  2 Kincmat i c s  of the dturnny 
The following arnüysis wi 1 1  a ttempt to clari fy the significance of the 
kinematic evaluation pnramctcrs in accordancc wi th 'l'ablc 1 .  

Colwims 8 to 1 6  of Tablc 2 gi ve an overa l l  picture.  I n  accordance wi th our 
expericnce , onc can obt<.ü n the firs t typical i mpress ion from the various 
sequenccs of ciLuruny movcmcnt by s tudy of the values for the maximwn vertical 
thorax displaccrncnt , ;�.1.1 , as gi ven i n  collmm 1 2 .  These values show j ust  1 max 
how markc<lly the thorax has vertically <lisplaccd as a rcsult of the vertical 
componc nts of acccleration and forc c .  

'The reasons for this arc as foJ lows , a s  also cxplained by Table 1 :  

• The comprcssion charactc ri s  t i cs of thc scat upholstery i n  the fonvard 
seat arca 

• The rotation of the pclvj s as a result of thc bendi ng of the lwi1bar  spinc .  

The results associatc<l wi t h thc hcn<l i ng o f  thc lumbar spinc are listcd in 
colwnn 1 6  under y ' 

• [ t  hardly rcquircs thc evaluation of orthopedic max 
specialists to conclu<le that ben<ling anglcs in  the ordcr of magni tuclc of 90° 
are dangerous ancl unacccptah l c ,  espccia lJ y  whcn one also considers that thc 
dwnmy lumbar spine is s ti ff c r than thc hLUnan spine. 

Tue data mcasurc<l hcrc lor thc production scats (lumbar spine flexures of 
y ' = 90- 10<)0 cervi c t l s11 i nc hcnding o f  ß '  = 96 - 1 1 5° and x an<l z max ' max ' 
displ accmcn t s o [  thc hca<l , thorax , an<l pclvis) enable thc associatcd loa<ling 
values (columns 3 to 7) to be subjectcd to more differentiated evaluation. A 
rcsul ting restra üli ng lorcc introduccd i nto thc lower thorax half (ribs 5 to 
1 2) and causcd by a vcrtica.l componcnt of displacement should especially bc 
derived from these measured values-in addition to the bending loads on tht::: 
spine .  Undcr consi<leration of the di ffcrentiated strengths o f  various parts 
of the thorax , the loacling valucs as presented may therefore by no means be 
designatcd as noncri tical . 

A more in-dcpth cornpa r i. son o f  thc rcsults of this serics of production seals 
wi th rcsu l ts o r a tcst scr ies o C r-escarr·h seat;s which are dcsigned for cnergy 
absorptio n  w.i J 1 bc puh 1 ishc<l tlüs ycar at the 23rd Stapp Car Crash Confcr
ence (4) . 

A summa. ri z i.ng v i. cw of this rcsult  for thc tcst series is demonstated by FICS . 
4 ,  5 ,  a n<l 6- rcprcscntations o l  an cxampl c  from the production seat group SF . 
Thc motion sc4uencc photog raphs i n  fl C .  4 show how the concealing clothing of 
the dLm1my prcvents visual dctc rmi nation of the dwnmy skelcton deformations . 
Only by thc usc of the measuring markers shown in F I G .  2 (not seen clearly 



Fig. t.. Motion sequence 
on prod uct ion 
seat type S F  

head 

point H 

80 60 20 (cm)  

Fig. 6 : Trajectories and rotations 
of head thorax and pelvis 
on production seat type SF 

because of the reduction in s i ze here) could 
an analysis be made which led to the results 
shown by FIG.  5 .  This figure shows the ini
tial and critical final positions of the dummy 
skeleton from this tes t .  F I G .  6 shows the 
trajectories of the measuring markers and the 
point H ,  with direction indicators included 
for representation of the body-re 1ative rota
tional movements . 

6 .  D I SC U S S I ON O F  THE R E S U L T S  

The results o f  this series of tests can be 
said to be practical ly spectacular�espe
cially s i nce points of departure for critical 
analysis of the seat , and for preliminary 
analyses of the influence of the seat on 
occupant protec tion have existed in the pro
fessional l iterature since as long ago as 
1 9 70 ( 1 ,  2 ,  and 6 ) . 

Demons tration has i n  fact been made here that 
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present-day seat design, for present-day three-point automatic belt use, takes 
practically no consideration at all of this aspect of frontal crash vehicle 
safety . Instead, owing to the lack of legal regulation, seat design has 
instead historically developed primarily according to the s tandpoints of com
fort , human anatomy , and styling. 

The loadi ng criteria (protective criteria) as s tipulated by law and shown to 
be insufficicnt wi th rcspcct to kinematic evaluation, have played a decisive 
role in this cas c ,  s i nce they have allowed s uch a s i tuation to develop . These 
criteria are respons ible for the fact that s tandards of measuring and analys is 
developed along thc lines of thcse same criteria have come into use i n  tes ting 
insti tutes and i ndustry in s uch a way that required analyses in greater depth 
have been rc ndered impos sib le ,  or that shortcomings have never come to light . 
One examplc: favorable numcrical values for the FMVSS 208 loading criteria i n  
the case o f  submar l ni.ng motion sequences . The ki nematics of the dunnny body o r  
o f  the caclavcr used cannot normally be analyzed owing to the lack o f  sui table 
measuring markers fixe<l to the skeleton, and of direction indicators (see 
FIGS . 2 and 2a) bccausc of thc blousing up an<l/or s li<ling of the dwmny cloth
ing. This ycar for thc first time , Opel (owing not least of all to the 
experiencc gainc<l in our \vork ) has p roposc<l thc introduction of measuring 
markers fixc<l to <lLUnmy skclctons in the i r  paper ISO/TC 22/SC 1 2/ Working 
Group 5 :  "/\nthropomctric Test Devices . "  (5) Other beginnings toward 
sophistication of technical measured representation of the kinematics 
involved can therc forc be recog nized in paralle l with our work . 

The great significancc o f  the k i nematic relationships for the type of 
occupant loading in the seat-snfety belt system has therefore been revealed 
here in our study and cannot bc seriously called i nto question. 

6 .  1 Significance o f  the seat in actual accidents : results o f  0U1er s tudies 

Our evaluation of thesc rcsul ts c.umot be satis factory s tan<ling alone i f  tl1e 
relevance o f  the shortcomings o f  U1e seats clescribed above were not dis
covered as wc l l  i n  actua l veh i clc accidcnts . At this point, thercfore , 
corrc lation wi l l  bc s tu<l i.cd w i th veh i c lc bclt accitlents as we l l  as reccnt 
resul ts from 0 U1er studi cs . 

Recent analytical s tuüies o f  the safety bclt accident have been published 
in conj unction with acc i Jcnt rcscarch o (  the lnsti tute of Automotive Engineer
ing at the Technical Uni vers i ty Berlin and the Uni versi ty Medical Center i n  
Hanove r ( 1 1 ,  3) . 
The difficul tics of completc tcchnical acquisition of data on site restricts , 
i n  the maj ority o f  thc statistlcal belt accident studies , the possibility of 
drawing correlations i n  individual cases between loading processes for the 
strapped-in occupant and inj ury pattcrTLs . Within ilie framework of source no . 
1 1  cited hcre , dirccte<l data to an extensive degree have been collected 
for a total of 88 s trappe<l-in occupants . Especially apparent in this study 
are the inj uri.es to thc lowe r thorax hal f (inj ury frequency of approx. 30% )  
as compa rc<l t o  i nj uries to thc tq)per thorax half (only 6 . 5°v inj ury fre
quency) . This area o f  injury ,  as well as individual or multiple injuries to 
the knee an<l the ab<lomen, was ;1 [ (cctc<l here with a re lative frequency of 
73% of all inj uries . These patte rns can be interpreted-as we demons tratc i n  
this s tudy-only through spec i fi c  kinematic relationships which are directly 
connected to the uncontro lling supporting characteristics o f  the vehicle seat. 
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The se rious safcty bcl t acc i <lcnts i nvestigated by Havemann and Schröder 
(8) confi 1111 j us t  such i nj ury patten1s and demons trate that the spine
especially the l umbar spinc-suffers mos t with the i ncreasing severity of 
the accident , as shoul<l bc expccted as a resul t of our investigation of scats. 
Purely abdominal inj urics also occur with greater frequency . Personal 
information provided by thc Swiss acci<lent researcher Wal z confirms the 
influence of thc seat on hclt- rclcitc<l accidcnt patterns s t udied in the field. 
Wal z ' s  i nfonnation a l s o  conü rms , howevc r ,  that until today , practically 
no systematic investi gation on s i te has been carried out with sufficient 
care anywhere with respect to vehicle seats after an accident. 

In the laboratory as we l J , thcrc have been obvious indications of the 
influence of thc scat on thc pattcrn of inj ury . Patrick an<l Andersson (6) 
discovered as long ago as 1 9 74 in the ir cadaver tests with production vehicle 
seats that there was a concentration o f  inj uries in the lower thorax half. 
More recent cadaver tcs ts performcd by Schmidt on behalf of the FAT (Research 
Association of German Automobi l.c Mc1.nufacturers) present furthe r, especially 
conclusivc confirmation of inj ury pattcrns and inj ury concentrations 
which is in full agreemcnt \Üth thc rcsults of our seat s tudies presented 
here . Schmi dt as well foun<l i. nj ury conccntration in thc following : lower 
thorax hal f, l umbar spi nc , ccrvical spinc . [ In the context of Sdunidt ' s  
s tudies , G .  l lcess publi shc<l i n  1 9 7 7  his <lissertation on "Spinal Injuries 
on Strapped-in Cadavcrs . "  Sec sourccs (9 , and 10) ci ted here . ]  

These s tu<lics <lirec tly confirm thc prognoses which can be gained .from the 
evaluation of dummy k i nematics i n  the case of head-on crashes with modern 
seats . 

7 .  C ONC L U S I ON S  

Tue seat i s  that e lement i n  the protective restraint system which performs 
"control" of the vehiclc occupant ' s kincmatics . In this manne r ,  i t con
tributes decisi vely to thc c ffcc t i  vcness of the safety protection system. 

The loa<ling 111cas urc111cnts pc r fo nncd wi th <lwnmics in accordance wi th .FMVSS 208 
critcria cannot prov i dc 1 1  c l c1 1 r  p i cturc o r  thc interrc lationships involved 
in the k i nematics : i . c . , on thc mannc r  i n  which the protective restraint 
systcm introcluccs j t.s rcs t r11 i nt rorccs i nto thc body of thc occupant, and on 
how thc sca t aml the s:1 rcty hc l t .i.nte rac t .  

There are no legal s ti pu l :1 t ions for the operational characteristics of the 
seat w1der frontal crash con<li ti ons . The kinematic evaluation parameters 
defined and introduced herc as suppJ ementary aids therefore represent a moti 
vation for further considcratio n .  No effort has been made in this s tage of 
our work toward the subsequent an<l nccessary definition of limiting values 
for these kinematic evaluation p11 ra111c tcrs , as would be required for safety 
regulations . Tue trends alone as <lescribed here already s ufiiciently clarify 
the importancc o f  posing the prob lem of "lnteraction of Seat and Seat Bel t , "  
or thc topic "Kinematic Contra ! . "  

Significant optimization of thc prescnt-<lay vehicle protective system can 
thereforc mos t profitably bc rnadc i n  the area of the lower seat framework . 
Once this lw s hccn accompJ i.shcd , \vC c.tn cxpcc t f urthc r rccluct.i.on i n  the 
frequency an<l severity of hc l t - rcl ate<l inj uries . 
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