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I) vn a ,n i i  te.s t . s i t t ’re (/ ~~pu usip u,’ i i , p z v ep l g h) na l  lap sas h seat belt re s traints . and
a.s.%e,nh/ ie s in~orpo rat!~zg energ i absorher. s in the s a s h  s trap . Three restraint

i~’e o,m’tr u ’s . r igid and ~u.s/i uini ’i/ se al.s and a.ss t ni/ ’lie~ l i l t / i  tile s trap .s slaek , tig ht and
,; r e/oaded is ire  te~ied.

The lisad in the sa sh strap is ith an ~p ,eri ,’ absor ber n a.s half of that in the same

stro l l of a i op ise, it iona l re s trai n t in t e s t s  n i t / i  1/ u same ,seak ai eeleratusn of 280 m

tin ’ re s ults ii ere also ~ompared with those f r o m  pre vious tes t.s where a shorter
ae eleratu ‘ti d,.s ta n e nw used.
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I .  INTRODL ’( TION

Scat belts w i th  uppe r t o rso  restra int provide saluabk protection b r  the occupants of an
aircra ft or motor ve hicle in the esent of a crash. I he restrain t forces in the conrentional webbing
system are clearly dependent on the vehicle deceleration, hut the relationship is complex and may
also depend on the ve locity change. the restr aint geornetr% . the initial sLickness of the s~stem and
t he stretching properties of the restraint. Incorp is rat ion ot energy absorbers into the system can
reduce restraint loads and alter the relationship between load and sehiele deceleration .

lo insestigate these factors. d~ mimic tests ssere done on a crash simulator to measure
restraint loads and dummy mosenlent ~~it h:

a) Cons entional all ssehhing restral ills has ng sepai iic a richorages for the lap and sash
stra ps. ( tour-point  s~ ste in

(h) (‘onsent iona l all ssehhing ies t ra i n ts  ss i t h the sash strip joined to the lap strap. ( I hrec—
point s~ stei1s )

(ci (‘onsentiona l tour—p o int ‘~ sterns soit h rig id and cushioned s c ats

(d l (onscntional tour—point sssterns f i t ted s~ith init ia l slack . I itted iighiI~ and f i t ted ssi th t he
stra ps preloaded.

(e) I nerg\ absorbing s~ stems wit h tV .0  alter i i~ii is c t pes s i t  cnergs a hsor her installed in the
sas h stra p.

I he test  acceleration pulses ranged I rum a peak accelerat ion of ~ ()  in s 1 to a peak of 2~
() rn s~.

although not all conf igurations ssere tested u ser this ss hole range . I he lossest acce leration ~ as
inten ded to produce loads comparable t o t  he cliii cut design strength ol a i rcr a f t  restraint systems
I s hich is based on a deceleration of 9g on an occu pant of mass ~7 kg ~ it h a tac to r  of s ,ifet~ of 1 33).
I he high accele rations ssere eompara ble s~ it Is the design Iisngtit udinal pulse suggested in the ( rash

Surs is a f I )esign (,t iide I or the cock pit region of light airc i a lt I his is a triangular pulse ~ ith an
aserage acce leration of 15g. peak 30g a nd se locit~ change of IS m s . ) I he high acceleration pulse
s’as a lso comparable to that used in auton iot ise test condit i o ns , and pros ided for testingan energ~
a bsorbe r designed for automot ise use

I he crash simulator sled acc e lerat ion stroke ss , ix .ippt o~ irnate l~ one metre. I his corresponds
ii~ a se hicle stopping distance of a l i t t le  lcss tha n one metre and also to the slopping distance
m t  plied h~ t he (i ash Surs is al I )esi gii (juide pulse I he d st ,iitce ss as greater than that commonl~
used in automotive restraint tests and in earlier A R I  . tests ‘ Comparison with these earlier
tests , which used a similar peak acceleration range but losser seloc ity changes , allowed assessment
of the relative importance of peak acce leration and seloc it~ change.

I he ssor k ssas done is part of the ( rash S u e t  Progi amme supported by the I)epartrncnt of
I r,i nsport i \ i  i I rans port ( iroup I.

2. TEST EQL’ IPMENT

2.1 (‘rash Simulator

I he tests ssc i e  r. irried ilo it on the (~e ic i , i l  \ lus i i s rs  Iliulden ’s “IIs.ge ” cras h s imulator. Ibis
mac hine repr ii) iced the ess i nt al d~ ni in cs of .m ci is Ii deL e let at ion h~ accelerating a sled carr~ ing
t he test seat and restrained dunlm% from rest to the required se locit ~ . I he acceleration pulse ~ as
a ppros imat e ls sinusoidal

2.2 Test I)umm ~
\ri “ \lders on ” V I l~

5() ,iitt hropomot phic dumns~ I iii iss ~~
“ kg) representing a 50t h percentile

mi le ss is used It ss is clothed in cotto n s to c k ine t t u  ga! mel its as shossn on lig. I
2.3 Test Frame and Seat
\ test t iame mounted ii the sled pros ided iii~ bin igcs for the seat and ies t i a in t  as sho~~n in

Fig. I \ Iost seat belt i t i s t , i i l . u i  ions hase the hig h moiinti iig to i  the sash s t ra pon the outersidc of the
s e l l  Hi t  ise t o  the c m  bin , t hercfor t ’ t he side of the lest  ,ms s c i i ih l~ has mi i~ t he high sash anchorage is

rc f e i  cd to i ts  the oilier s iok ’ ’’ , ,jriof the side so it h the loss mounting fu n the sash or the intersection of
t he sash ,ied lap s t r a ps  at the buck I s is ref ci red t o  as the ‘‘ inner si de ’’

I he se ll base h id a strone I ratt le an.,~ a seat pan formed h~ .t l a t t i ce  of seat belt ssehhing as

L .. ~~~~~~~~~~ ~~~~~~~~~ . _ _ _



s hos ii in hg 2. In most tests t his ssas covered by a plastic foa m cushion , hut in four tests the
cushion was rep laced by a rigid wooden platform. t~nless referred to ) as a rigid seat te st , results
app ly to the cushioned seat ,

2.4 Instrumentation
I he loads in the straps adjacent to the anchorages . the horm iontal load in the seat and the sled

acce leration ssere measured and recorded on an oiscilliigr~s ih. \‘ e loci tr ssas calculated by
integrating the sled acceleration pulse. \1 os ement of t he d ummr ssas recorded hr tss 0 high speed
cmn e eat iteras . One of t hese ssas mounte d on the sled, the Ut her ssas in a Ii ~ed position on the
opposite side of the s led. liming marks on the film and oscillogra ph trace allowed synchroniiation
of the records,

3. THE RESTRAINT S~~STEM S
3. 1 Four-point System
I he inner side of the t uu ut— pout i t  s \ s t L ’ i i i i s s h o s ~ ii on f i g .  I I t ie po isutu o n of the o uter lap s t t a p

anc horage cor responded to the position of the inner lap anchorage . hut on the ot her side of the
seat; the uppe r sash strap \ % iu s connected t o  the frame hr the f i nk A 13

In addition to tests with conventional webbing stra ps . tests were carried out with energy
a bsorbers in the sash strap. I 550 types of energr absorber sserc tested ; I hcsc ssere des iu’ n.mted Is pc A
and t rpc 13. I~ pe \ ss us f i t t e d  to the litik , \Bat \ . s~hilst t rpc 13 rep laced the link \13 , I he length 0) 1
ssc hhing between \ and the losser sash anchorage ss us the same I si r ~m ll tests

3.2 Three-point Syste m
I his ss is an ,ul i to t noiise lap sash iisseinhlr . I he ippei sash and outer lap anchorage posit ions

sser e the su i l i L ’ as sst t l it lie four—point  sS ’ t e t i i . hut the s i i up~ t ro u t t hese anchorages ssere j oined to a
coulinton inner lap strap at the buckle us showt i on f igs .~ md 4 I hc outer lap arid sash straps sscre
forme d f rum a cont i tiuous length of sse hhi ng ss (ncli could slide t hrsm ug h the buckle tongue.

I he assent hlr so is tes te d ss it h the common i titter I i  r st ra p atiehored at t~~o a ltet nat ise
posit ions . s hots n on l i e s , and 4

4. THE E N E R C V  .. % B S O R B F R S
I he I pe \ etie~g\ a hs is rhci , s hoss ii on I si 5a ssas .u com m ercia l unit ‘shicli dissipated

energy hr t ~ st i t ig a torsion bar. I si ra ssehhi rig on the c u d  oI t lie s i s  h strap ss as stored on a reel ,

t he rotat ion of SS hich ss zi s control led hr t lie t iii ‘ion bar . When the torque Irons the tension in the
strap exceeded t he tors iona l strength of the bar the reel rotated and allo~~ed the sash strap to
extend l’ests with this type ot load limiter base been described hr Seiffert 4 et a l.

I he t r pe 13 unit ssa s deselopcd at \ R. I.. ~itid dissipated energr hr plastic bending of tss o mild
stee l str ips . I hesc ssere folded to a I shape ~itid f i t t e d  in a c isc ( )tie end 0)1 each str ip ssa s ~.clded to
lie case I oad ss us a pp lied t o t  he case ,irid t lie other end oil the st r i ps . \~ lien the load os ercame the

bending streiigt li of the st r ips the fold i oIled along the case allossing the unit to ) extend.
(‘onst i t i c t i o t i  us s hov.n on I’ig . Sb. I oose p~uc kitig pieces stahili ,ed t h e  str ips in the case. Ihe unit
lt~i s  been descr m bt’of pres ious ls -

5. PRO(’EI)L’RE
I he nominal peak acceleration levels sse re 90. I~ 0.24() and 3(X) m s . These values ss ere not

achieved ex act l r  and actual peak sal ues were 93 .170 .22 0 and 2~ I) m
‘si ns ent ’o i i . i I f ou r —po in t  s r s t e i i l s  v.itli a ct isht ot ted s e i t  and 2~ mm ol slack were tested at all

, ILLC ICI i t i n lesel s ( unse r i t ium na l  four— pom t i t  s s s i e n is  ss e te tes ted  at I ~( )  rii s~ peak acceleration
ss t b  .i r ig iol se ut t i g ht inof pre lsiaded s t i a ps  ( oii~et it i s i na l t hrec —p mi int  s s s te n ts  sserc also tested at
peak iLco ’ Io ’ r , i l ion s u I  I’ll in s ss it ls .u cushioned seat and 25 nmnt s lack.

1 nergr ahsorh t ng systems s~ith a cus hioned s c u t  and 25 mm slack were tested w ith peak
icce le i , i t i i s ns u I  I “ ( I  and 2~

() in s I he test sequence is  shoss n in lahlc I. [he final test . os ithout
dummy or restraint was to determine t he load produced by seat inertia ,

In each te s t  t he dummy s5ius positioned cet if i a l l r  in the seat and against the hackrcst ‘\ ness
belt ~is~ctn hlr 55, i s t i t led  arid adt ustc ol iii the required position. I sce pt b r  t e s t s  5511 h tight or

4



pi’efoaded snaps t Lc , issc it i h ls ss .is adj usted t o m i l loi~ 2S nini u I  f o i rss ard s ntose nse nt of thedurnmr.
This is cons istent with the amount of slack specified hr the Australian I)esi gn RuIes~. and
Regulation f s m i  lestir i g Ss’, ut  W ’lt~ proposed hs t his’ I coi noi iti ic ( ‘om rnmssio n for I’urope I [(‘ .1
l)ctai ls oil the method iiscof lot set t ing Ilis ’ sl,is’k u s ’ gi sen iii a pres ious ‘\ R I.. Report

In the test ssm t h t ig ht s t i  ups ( lie st u. ips so e te lig liteiied is m uch as possible hr hand, using the
tiornia l adp o isi e i

In the test ss ith the pre ls m .udesf s i r  ups . the iisi t in~il ,md t usters sser e oised t o t  obtain a ‘snug’ f i t  and
tens uot i so as a pplied to )  the sit aps hs t itus ing I Its’ .iu is hoi ,iges hac kss a uds hr a mechanical loading
des ice. I lie m u i c t i s s u  ages ssere scco ired 55 it Ii I ensiot i i ti t lie belt

‘~ f tci adjusting m ite s t t a p s  t h e  sse bh i t ig s’. is iti ai kco l so heie it passed t h ur o t u g li ,udj ustei s and the
test pulse soas app lied. ‘\ It e u I t i e le s t  I he soehhi rug 55 us checked f u r  s l ip and cncrg~ a bsorbe r
e \tctlsiomi s soere i t s mt cd.

6. R E S U l T S  A N I )  DIS (’ t ’ SS I O~
6.1 (‘omparis un of Four-point and ‘I hr ee-point Srs tems
f3oi t li cs ir i t igu r~ut ions socre t e s te d s o i t h i  2S miii sl ack and sled peak acce le uatm o ns s i t  I 7() ~ s~.

I r pical s t i , i p  load t i l L s ’ s a ie s l ioso n ot t l’ ig. (‘ I he ir~ i~~insuin loads mis ’ suti i inarise d in Iahle II \ .

aiid it us seci l that the to ta l  st u mp lo ,usl 55 , i s  si nt u l, u i s s i t h  e i i h t c t  s s s t e r u i  I he tipper sash Itiad soa s
s lig ht ls  srnallei and the uu ls ’i lap loiad s l ig h i t l ’s g ie~ute r so it hi t h e  our—point  s ’s s t s ’ t i t .  I his ss as
p is s h~ihlr bec~iu iss ’ t his’ lossc r s u s h i  snap so as h i g h e r  oil t h e  ohimn iii ir . us s hoss n o mit f igs 7and ~~. I he
load d i s t r ih u i tu ou i i  s i l l  a hod’s s~siiild .ippe.ui to he bc ite u so i t l i  t h e t l t r ee —po i in t  s r s t en t ,  hut the four—
point c s im t t i g tu i  . i iusiui  sosuo ihd  h~~s e been hct ie i if  t i e  lo iss eu sash ,uiic lios r,i ge had been losse r ou further
l i t,  soard s

I he th r ee—p o iu r i t  sss l en i s  sse i s ’ es ie d ss i i l i  t h e  in uieu ~~~ st ua p  . i lt , us  lied iii ROil alternatise
po isi t uo i r i s . I hese g . m se .i nss t ic c. u ble d t l le is ’iics’ i i i  t lie slope oil t his’ l i p  si i .mp nt lie un loaded condition,
,us shoi ss n ot t f igs 1 .m n d 4 boi l du i i insi  the t e s t s  h i s ’ loads o les e lsi peol  i i i  this ’ s t ra ps . gusen in lahle II \ .

m d  t h e  slopes u I  t h e  s i r  ips . us shioss ii s s u i  h es s m u d  ~) . u m i d i i i  I .mHc 111 3 . soere a pproiximate lr the
same ss ith bot h anchor ago posit ions .

~ s describe d in s ecu io i :  2 th is ’ s t i  ip to t  ir i lt ig t lie s i s l i  ,oisl s s i i t e r lap  snap could slide throug h
t h e  buckle us imu go i c. but s’ \ , i i n u n , u t i s n  ~‘f the sine h u n  s huuisse d t h i , u t  s l ip o~ il~ urccurre d Lute in the
acce lera t b ii pulse.

6.2 Compar ison of Tests ss ith ( ‘ ushi oned and Rigid Seats

I s t i r  — poi nt .isseuiihlies sod s’ tes te d at I ~( )  i i i  s peak ~icee leta t usum t  ss it lt the f le’s i hle seat cushion
m d  so i th  ilte i i ie i s h se ll Is pic~ul lmi ,id m u d  ~is’ce ler~it ior t  I i  ,ices l ie shoss n on Fig. 10. and results are

su mt nari/ e d i i i  I ,ihle III \~ hen set up s o u t h  25 miii sl ack t h e  s t u m p  loads so uth either rmgid or
cushioned s e m i s  socre appt s i n i iu te ls the sa tt ie.  Iii ill tests  so i t h i  the cushmom ied seat there so as an
ah u upt i n i c u e , i s e  in the s e m i  b i d  ut about the time the dutnntr reached i t s  fur thest  to r so ard  posit ron
( ‘I’e~ik ss ’~u i o ust ’ sin I ig 10 I I h i s  5s , is proh~ihl r a direct Isiasling betsocen theduinmr andthe front
ut icun hcu of the seat Ii .ouie t Iii oug ht the c us nt p i ess ’ ’d cus ltiou i . at id ss , us partic ular lr sesere in te s ts  at
hig h uet , mc eeler ii i on s  It is rs ’ Iem re d to later i t t  ses ’t ion (~ 4

6 he Effect of ‘lig htening the Straps
I iglit ot pi ehs iades l ,isse iinhl ies shioo i ld Pu sid t ice i i i  earlier build tip 0)1 load and the niaxmniuni

s.i liics s huou i bol  hi,’ los~s’u t b u t t  an ,isseunhlr f i t t e s t  so it ii ut t i t ia l  sLick. les t ’ s  to ) insestu gii te these etfect s
so ere s i u r u c o l s)ti t so it hi the rigid se ll .ut u sled peak ,us ’ce ler , i t i ss t t  oil I ‘~(I m s

I bis ’ si u i i p loads i i i  the t ig h t  s s s l e iu i  ‘se e appu ox i t it a te l r  lu less than those som th  25 mm oil
s lack us s l is uss ii tm I ,ihle III I’ie ls i , uo h i u i g th ic s t ra ps pi osf iis ’e d .i I urt lte r reduction oil 10° in the lap

str ap, hut dmsi nut reduce the s,islt load. I he preload app lied ssa s approximatel y 600N hut this

d roippe d to ) ahs io ii 2(X)~ hr the I tulle time acce lerat ion piilss’ so us app lied . I he loads in the tight and

pre lm adcd s s st eu i is  soe re only deseloped s lig htlr earlier than so tb the slack system as shown in

lahic III ,

6.4 The Effect of Sled Peak Acce leration on the Strap and Seal Loads.

Snap , mu i t t  seat lo;iois desels ipeo l in u t e s t  sill .u s’o i r i sc t t tm s i t t a l f o t i r—po m n t  system at a sled peak
acceleration oil 2K() m s are shown on F ig  I I .  I he sharp peak in the seat load referred to in section
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is es ident. ~‘ertic al loading oil the seat soiis not measured. hut elongatmo in of bolt holes in the
front legs of the seat indicated that a load in excess of ’ l8kN had been developed. i’he magnitude
of these seat loads would depend ott the rigrdits of the seat fra me and dummr . or hod~ . so the
possihditv of ’ such loading should he considered in the design of the scat. I here are two  important
reasons for such consideration , firstl y such a shock loading to the sptne or pelvis could he
injurious, and secondly the seat and its attachments could he overloaded.

The peak loads in the sash strap are seen ofl Fig. II to have been reached later than those in the
lap strap . and therefore the max imum sa lue of the sum of the lo ads in the straps. (the total strap
load) soas less than the sutit oil the niaximum loads in t h e  indisidual straps. I he maximum strap
and seat loads, a rid I he to fl al strap Ioiads ~ir e s hoso n ois e r t  h~ range oil peak accelerations from 93 to
2~ t itt s ii I able IV . I he total s t rap  lo ad is plotted against peak acceleration on l ug. 12 . and t h i s
indicates that the typical aircraft design load 0)1 9.1 kN (170 lb x 9g x 1.33 2060 lbf~ 9.1 kN)
so otild he reached so it Ii .u ti a i r c r a f t  dece lerat uo utt  peak oil a bout ~() iii s~ corresponding to 8g.

6.5 Dummy Disp lacement
I he ma ximuuit I sirsoarui disp las’euitertt oil t lie si utnmr t om s i t  in t lie test oil the conventional I our—

point srstet ii itt a peak acs’e her at iou oil 2~ I) iii s~ is s hioiso hi o)t i f i g  I 3 Shoulder disp lacement soas
.1(X ) mm.

I he max imuuit liii ss ,ind displacems’uits of hip and shisiti lder datum poimni s s sm th the four—point
ss,steni , 05c r’ I he r i t ige o f  peak acee lerat uot ’ms I toni 9~ o 2~’() mit s are sho so n on I’ug. I 4 . w here the
tipper s,i’sh load m ’s plotted .i~i,imuts t s luotildet dms pb~iccnuer it , aitd this ’ combined lap strap loads (inner
plus outer lap) are plotted aga inst hip disp lacement. Ihe lines lAB and CI) respectively) also
correspond approximatel y to load deflect ion measurements made successivel y dur inga single test ,

lest ’ s so mt h t the t ht re e— psii i i l  s r ‘stein arid so it l i the nigusl seat ho t hi u esulted in sl mg htlr less shoulder
mosement and slm g ht l r  i i usmr e unoi se nt ie u it at the hip. I ig h t e nmt i g  the straps proiduced less mo)s’enscnt

~tt hot hi places

6.6 The Effect of Ener gy Absorbers in the Sash Strap.
I he dese lo put ts ’iit sit t hic loads iii t his,’ sas h st raps s f  t h e  conseuitiotia l and etiergr ahsorhrng

srs tems ,tt a slesi peak ,uces ’ leu , i t i s i t t  oh 2~ () ni s are shoss it o uu f i g, IS F lie ty pe H (A .  R. I.) unit us
seen to ) base l intm t cd t lie toast to half the Sat t is ’ de se ls ped iii t h e  s’oiise ntiona l s\s ienl. and to) hase
maintaine d an alu i ist’st tuiiitorti i load I lie load so~us le ss uuimfo run so mUm t h e  tr ’pe A (comtnercra ll unit.
hut the peak load so ,us st i l l  tiiucht le ’s ’~ t Itan s o ul hi the s’ ou is eui t i sui,i l s iu sh i strap.

I lie reduction in lsi~id ssas as’ h im c ssi s l hs pc nt is i t t i r t g  a greater ex te utsi o n oil the restraint.
\ l s s s  enicnt o ut t he shoulder is  s bioso ii on I’ ii, I S a tid t lie ex tre me lou ss’ard psisit uo) ri oil the dunsn r
soil li the ettcr gr ah ’soi rh iuig ‘ss stent is s I t s  .~~ it ou t f ig. Its el f ig. 13 I or i he consentional system I

I lie ma x m rl ioiu t s tipper s ,ish s t r i p loads , dis placemetit oil t Its’ s hioiuldcr and extens ion of the
ener gr ahsor hens are s uirnniari ied in I a hle \ and pls utted against peak acce leratmo sn on Figs 17 and
18. ~t the ma x itnuuit peak acee lerat ot t s t  2~iI) iii s 2 

i t  us seen t hat I on the 50~ reductio n of load
t here soas it 50 i t icrease in sh imt u lder ui ios emetit . It eaui a so he ded need I roim I’ig 17 that the sash
loiad in the energs ahsorhmiig I t ’ s  pe Ilj s% steu r i  at a sled peak ,ics’e ler~tt uo t n 1) 1 28(1 ni s corresponded
to) t he load to) he ex pected uti the co insentmo ) nal system at a sled peak acceleration of approximately

1 21) tii s~ . S,us h strap loads are phmit ts ’sI aga inst sf i oi t mhde t’  disp lacement on l ug. 19 to i  mndieatc the
‘1 ra de oil I” of lo isl agiii list disp lace utietit .

‘1 he t~~o t ypes si l energy absoirhers disp layed approximately sim ilaref leettveness . so ith t ype B
gis’ing marg inallr greater redtiction mn load , probably because 0)1 its more uniform load extension
characteristics.

I he lo~ ids in t lie lap si raps so ere up to I 3 ,  greater . so hen t he cnergr absorbers so ere f i t ted in
lie s~isli st raps . 15cc I ii hle V 11, I his toas proha hlr heca tise the u nereased torso mos enient

Ira nsf erre d load I o t lie pcI’s us. hmmss eser t lie t o t a l  st rap load soas tos ser so it l i the en ergy a hsorhing
‘sss ten l t han so tb t lie conse r itus nial isss ’tiihlr . Its a pres ious report ‘ it was shoso n that hr using
energr a hsoirbers I ti hot  ( i t  lie sash and pels ic rest r~uint . t lie loads in all the strap s can be reduced.

6.7 (‘omparison with Pr eviou s Tests
1 he rest taint loads depend o n t  his’ peak accelerat ion a rid I lie s s’ l s c u t  change. In this series of

tests t lie .mcce lcr atmsi n d istatiee soa s approx it isate lr co in ’s tauit arid veloeit r cha nge so~ts a I unction ol
lie acce let mu on, It us riot possible to sepa rate t lie re hat use r mu ps rta nec oil I lie t so o s parameters from

()

4



these test results , hut the re latr se importance mar he in ferred hr comparison of the results w ith
those ol a pres iou’s test series which used a shorter accelerationi distance . I hree—po rnt restraints
si milar to those relerred to in s ection 3 . 2 soere used hut . a’s is sh io sson i iti section 6, I. t he total strap
load sort  h t lie three and I our—point sr stents are similar arid t herelore results of the t soo series can be
coim pated. I lie total strap loads b r  ho th  series arc shoss tt ott I ug. 2(1 and it us seen that similar peak
,tcce lerationis produced similar loads. I his is  also sh o iso ii in I able \‘Il and it us seen that the
re Ia Ii o n ’ s  hi p oil load to peak aes’e lerat 10111 50 as iii us’ h sI oisc r t h a  ni t  he rs’Iat I outs hip to S elu)cit change.

7. (‘ON(’I,t’SIONS
lest ’s  so it h a cons entronal seat belt indicated that the forces in the restraint could reach the
r pieal design ultimate lo iads I or light amrer alt  , at a cabin peak deceleration oil only 80 ni

corresponding toi  8g.

2. Energy absorbers in the restraint soou ld ~ll o mos t he ss sns’m t ot so iihst a nd cabin dccelerations of
greater ses er utv sout liout an increase nt the re s t ra i n t  Is s i  ce ’s

.~ I ncor porat i on of an energy a hson her i nit o s the s .m sh st l  a p oil a restraint s si eu ni reduced the load
in t hat strap to half t lie s alue desels ped mum t lie consent mort a l configuration.

4 When tested south the same acceleratio n pulse . the tota l load dese lotpe d in the straps of the
hree—po iirit s ’s stem or the I our—po in t sr stern so it hi the cushioned or rigid seat soere all

appro’srn iiatel r t he sam ise.
5. High loads ssere deseloped hetso eett the du m my and scat frame in the Iests tisung a cushioned

‘s eat.

S. M ’KN OW I ,E I ) ( ; E M ENT
‘rhe ass istance of General Motors flolden’s by al lo iso m g  use oil the ir “Hyge”erash simulator is

acknotso hed ged.
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FABLE I
I ES F S EQt ’ f ’ N ( ’ I  A N t)  (‘ONI)l FIONS

lest I’eak ~‘el, Scat System Strap
No. Aecn Change f itting

nu s ’ iii s

1336 93 10 cushion co tnve ntiotna l 4pt slack 2

1337 93 10 cus hion cotnsc ntiona l 4pt slack

1338 170 14 cus hions conventio intal 4pt slas’k
1339 170 14 cushiot ni co inser itional 4pt slack

1 340 170 14 cushion consentrotn al 3pt slack
1 343 I ‘~II 14 c us ht io t n consent moinal 3pt ‘ slack
1 344 17( 1 14 cus h ion cons enit iom na l 3pt~ slack

1345 1 7t) 1 14 ri g id consentiona l 4pt slack
1 346 IT’ ll 14 rrg id eons entio nsa l 4pt slack
1 347 17(1 14 rigid co risentronal 4pt tight
1 348 I 7t) 14 rigid co mse ntti o nai 4pt preloaded

1 349 I I) 14 cushio n I ‘\ t r pe ‘s 4pt s lack
1350 I “0 14 cu s huo s ui I ‘s t r pe B 4pt slack

I 351  221 ) 16 6 eush ustn t co t nsent moiuta l  4pt slack

1352 25 ( 1 19 cushmon co nsen t tu ona l  4 pt s lack
1353 280 19 cushtiou i I ‘s t r  pc ‘s 4pt shack
1354 280 19 cushion I ‘s t r  pc H 4pt s l ,uc k
1355 250 19 cushion F ‘s tr pe ‘s 4 pt sl ick

I 156 25 ( 1 19 s’us hms int notr5e mio u~s’

Notes I. lest numbers allocated hr (i ‘si II.
2. Slack 2S mm.
3. Inner lap atf ached i s ’  l i i  s o , u u d .unchiorage
4. lim ier lap attached to rear antc honage.
5. No dunum’,. lest to determine ‘seat inertia lotad.
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‘FABl E Iii’s

M ‘\ .\ I ML SI S IRAF ’  I.OAI)S Wll ’H ( ‘ O NVI N I IONA [ , f O t R-POIN’l’ ANI) THREE-
PO L N I  SY ST EMS

Sled peak acceleration 170 m s ’ Slack 25 mm

lest No . 1 S~ste m Max . Strap load kN

~~ EI~EI h)W ~~ Inner 

~~~~~~~ 
to ta l

~~~ 4 Potint 5 ‘
~ 5 .6 3.5 5.3 20. 1

1339 4 Point 6.0 
‘ 

5 ,3 4 .5 5 .3 2 1 , 1

1 340 3 Point 6.2 4 . 5 8 9 19 .9

1 343 3 Poi nt 6,7 4 . 9 9,3 20.9H ~ ~~~~~~~~~~~~~ 
8.9 20.3

I .“sBE . i 1113

IHREE-POIN I SYSI  I’M INNER AN(’HOR,’s(if POSITIONS .\ N1) S1’RAP .ANGI . IS

Anchowage pos mt ion Rear l-o rward

Installed Loaded ’ Installed Loaded ’

1 )istance of aneho rage beloso’ dat urn nuns 130 I 30 130 130

I)ist~u nee s i t  anchorage behind dat tim nmm 7() ~() 21) 2(1

Angle of line Iroim anchoirage to
location oil lap belt on durusmy degrees ’ 45 6(1

Angle oil conmmon strap degrees 54 4(1 42

Ang le oil strap os Cr lap degrees ’ 19 23

Angle oil Sash at lap degrees ’ 69

Notes I. I )atunn us the intersect ion of the seat and seat hack.
2. Ang les are projected angle tot the hori,ontal.
3. Approx imate lr the minimum angle in t he test .
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fABLE IV
RESTRAIN I l.OADS WJ ’h’H SL ED PEAK ACCELERA lION 93 10 280 m s

Convent ional four-point sr’stems . cushioned seat . 25 mm slack.

Max. Strap loads kN Max
lest Peak 

________ ________ _______ ________ ________ 
Scat load kN

No. Accn Upper I.oso’er Outer Inner
m s ’ sash sash lap lap lotal ’ 1 otal’ Seat inertia

1336 93 3.3 2.2 2. 7 2.5 10, 5 2. 7 0.8
1337 93 3 ,1 2. 2 3, t) 2,9 11 .0 2.7 0.8
1338 170 5. 7 3.5 5.6 5.3 18 .7 6,2 1,5
1339 170 6.0 4.5 5.3 5.3 2 1 .0 4.9 l.5
13 51 220 7.2 5.1 6.5 6.2 22. 5 8.0 1 ,7
135 2 280 8.9 6,0 7 .3 7,6 27.6 12.0 2.2

Notes: I. Max. value of sum of’ strap loads
2. Including seat inertia

3. calculated seat inertia

TABl E V
EFF ECT OF FNER(IY A BSORBERS (.)N’ T HE SASH I.OAI) ,‘\NI) SHOUI.DER

MOV EMEN1
Convent ional and energy absorbing systems

Ma x.
upper

lest Peak sash shoulder
Not . System accn. strap disp lacement extension

load
m s  kN mm mm

1 338 (‘onvent ional 1 7(1 5. 7 220 0
1339 (‘onventiousal 170 6. 1 220 0

1 349 FA I s .pc A 170 4.3 300 120

13 50 EA tr’pe B (70 4 I 250 107
13 52 Conventional 280 8,9 3(X) 0
1353 EA Type A 280 5, 6 40(1 290

1355 EA Type A 280 5. 6 300

1. 154 FA Fype B 280 4.5
__- 

440 370

Noite: 1. Strap cut by arm joint of’ d u m m y .



I’ABI.E Vi
MAXIMUM SI RAt’ I,OA I)S WI’r u (‘ONVEN I IONAL. AN t )  h’N IR( iY

ABSORBING FOI,iR~POlN I SYSTEMS
Sled Peak acceleration 280 m s ’

le s t  
__________ 

Max. Strap loads kN Max.

Not System Upper l.ower Outer Inner I otal
sash sas h lap lap l oad kN

13 52 Conventional 8,9 6.0 7.3 7.6 27 ,6

13 53 EA I’r’pe A 5.6 5.8 8.5 8,0 25

1355 FA Type A 5.6 5.3 8.2 8,0 26

13 54 EA Fr’pe B 4,5 5.8 
—_

7. 7 7,6 23

Note: I. Max va lue oil sum of strap loads,

I A B L E  511

(‘OMh’A RISON WI III PREVIO US 1 1 5 1 5 , I ON(~ ANI) SI-IO R I .“s(‘( ‘I I.F R.”s I ION 1) 1St AN(’ I s

(‘onvent iomnal I’hree-potnt systems

lest Acceleratio n Peak Velocity 
_______________ — 

stra p loads k N
No. I)istancc accn change upper outer m i n e r  si tal

‘sas h lap lap
mnm rim ,, rU s

1 344 830 170 14 6.7 4 .7 8 . 9 2( 1.3

619 ’ 420 181) Il 6.2 4 , 7 5 .°~ I9 . S

623 ’ 42(1 24t) 13 7. 1 7 .1 II S 26 (1

\s ite: I. I )ata from Ref . 3.



STRUC. RPT , 359
FIG. 1
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THE TEST FRAME , SEAT AND DUMMY WITH CONVENTIONAL FOUR-POINT

~ ESTRA INT SYSTEM VIEWED FROM T HE “INNER” SIDE. UPPER END OF SASH
STRAP ANCHORED AT A.



STRUC. RPT. 359
FIG, 2
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TEST SEAT SHOWING SEAT PAN MADE FROM A LATTICE
OF SEAT BELT WEBBING .
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STRUC. APT . 359
F I G . 3

‘0

/

CONVENTIONAL THREE-POINT RESTRAINT SYSTEM WITH COMMON INNER LAP
STRAP ATTACHED TO THE REAR ANCHORAGE POSITION .
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STRUC . RPI :~,,.
FIG, ~

‘ 

I
i .

CONVENTIO NAL THREE .POINT RESTRA INT SYSTEM W ITH COMMON
INNER LAP STRAP ATTACHED TO THE FORWARD A NCHORAGE POSITION.
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STRUC. RPT. 359
FIG. 5a

Torsion bar Torsion bar
fixed to case fixed to reel

_ _ _ _ _  

~~~~~~~~~~~ bar

F~~

~~~~~~~~~~~~~~ (((~~)))
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

To sash

CONSTRUCTION OF TYPE ‘A’ ENERGY ABSORBER.
(Commerc ial unit )
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STRUC. RPT. 359
FIG. 5b
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STRUC. RPT. 359
FIG, 6
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STRUC. RN . ~~c i

FIG. 7

N

EXTREME FORWARD POSITION OF DUMMY.
Conventional four~point system. Peak acc ’n. 170 rn /s2 .



S T R U C . APT . 359
FIGS . 8 & 9
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FIG. 8 EXTREME FORWARD POSITION OF DUMMY.
Conventional three-point system. Lap strap on rear anchorage. Peak acc ’n. 170 rn/s2 .
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FIG. 9 EX T R E M E  F O RWA R D POSI T I O N  O F DUMMY .
Conventional three point system. Lap strap on forward anchorage. Peak acc ’n. 170 rn/s2 .



STRUC. RPT . 359
FIG. 10
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STR UC. RPT. 359
FI G. 11
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STR UC. RPT. 359
FI G. 12
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0
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‘a
Ca
0

0
~ 2 0 ’

0
0
4.5

x
Ca

10 ,~~~~_ Aircraft design load *

/
/ , - Aircraft design

/
/

/
/ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _0 I

0 100 200 300

Sled peak acceleration rn/s2

MAXIMUM TOTAL STRAP LOAD versus SLED PEAK ACCELERATIO N.
Conventional four-point system. *[9 g on 77 kg x 1.33]
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STRUC. APT . 359
FIG. 13
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EXTREME FORWARD POSITION OF DUMMY.
Conventional four-point system. Peak acc ’n. 280 m/s2 .
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STRUC. RPT. 359
FIG. 14
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D

15 (28 0)?
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/0(220)

/
(170 )

10 
/

/ 8

/ ,
1

(28o)

‘a / /
/ X (220 )

/ /
/ ~ I~~(170)

/(g3) / X 0 Lap load [inner plus outer
5 j  / lap strap load] u hip

“ / displacement

ji / X Upper sash load

/ )ç3( (93) v shoulder disp lacement

C / ( ) peak acceleration rn/s2

/

0 I I S

0 100 200 300 400

Max. dummy displacement mm

MAXIMUM STRAP LOAD versus MAXIMUM DUMMY DISPLACEMENT
Conventional four-point system, cushion seat, 25 mm slack.
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STRUC. RPT . 359
FIG. 15
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STRUC. A PT . 359
FIG. 16
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I

EXTREME FORWARD POSITION OF DUMMY WITH EN ERGY ABSORBING SYSTEM.
Four-point system. Peak acc ’n. 280 rn/S2 .
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STRUC. RPT. 359
FIG. 17

10

x Conventional X

0 EA Type A

0 EA Typ e B

,X

0 . — -- - ——-  I ~~~~~~~~~~ I

0 100 120 200 300
Sled peak accelerat ion rn/s2

MAXIMUM UPPER SASH STRAP LOAD versus SLED PEAK ACCELERATION
Conventional and energy absorbin g four .point systems.
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STRUC. APT. 359
FIG. 18

600

X Conventional

0 EA Typ e A

E 0 EA Type B a
~~~400 ’

300 ’ 0
7
7~~~~~~~~~~~x

200 .

100 .

0 I I

0 100 200 300
Sled peak acceleration rn/s2

MAXIMUM SHOULDER DISPLACEMENT versus SLED PEAK ACCELERAT ION.
Conventional and energ y absorbing four-p oint systems.
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STRUC. APT. 359
FIG. 19

10 x Conventional
Sled peak acc ’n. 280 rn/s2

x O E A Type A

\ 
D E A Type B

Sled peak acc’n. 170 rn/s2

c
I~ . x

0

0
0

Ca

C I 1. I

0 100 200 300 400 500

Max. shoulder displacement mm

MAXIMUM UPPER SASH STRAP LOAD versus MAXIMUM SHOULDER DISPLACEMENT
Conventional and energy absorbing four-point systems.
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STRUC. RPT. 359
FIG. 20
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( 13) ~

0 166
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Ca
0

( 9) .

(1 0) 0 4 point system
10 - , 1 rn stroke

o 3 point system

• 3 point system 0.5 m stroke

) Velocity change rn/s

0 I I

0 100 200 300

Sled peak acceleration rn/s2

MAXIMUM TOTAL STRAP LOAD versus SLED PEAK ACCELERATI ON FOR BOTH
LONG AND SHORT ACCELERATION DISTANCES.
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