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B I OMECHANICALLY BASED PERFORMANCE 
CRITERIA FOR CRASHWORTHY AIRCRAFT SEATS 

by 

D .  H .  Laananen 
Simu la  I nc . , Tempe , Ari zona,  U . S . A .  

One of the mos t cr it ical prob l ems  i n  the protect ion  of a i rcraft occupants i n  a 
c ra s h  env i ronrrent i s  posed by vertica l  acceleration l evel s wh ich  may exceed 
those that the human body can wi thstand wi thout i nj ury i n  a di rection paral l e l  
t o  the vertebral  col umn.  Because sufficient  crush s pace does not exi s t  wi th i n  
the f loor  s tructu re of hel i c op ters and l i ght  a i rcraft for adequa te energy ab
sorpti o n ,  the seat must p l ay a s i gn if icant  ro le  i n  attenuati ng these potent i 
a l l y  i nj ur i ous forces to tol e rab l e  l evel s .  Several recentl y des i gned a i rcraft 
have been equi pped wi th seats that  i n corporate systems for the abso rption of 
energy in the vertical di rect i on .  The seats are des i gned to comply wi th cri
teri a tha t were devel oped and documented in 197 1 ,  and a l thou gh these seats a re 
far superi or to any pr i or sys tems , there are several areas of uncerta i nty i n  
the des ign cri teri a that requ i re add i t i onal  research t o  enab le  further progress 
to be made i n  deve lopment of future systems . 

A pri ma ry probl em i s  the l imited extent of kn owl edge concerni ng human to ler
ance to +G accel erat i on . In fact ,  l i ttl e new i nfonnat ion  concern i ng human 
tol erance in accel eration i n  t h i s  di rection has been devel oped i n  many yea rs . 
Extens ive effort has been expended on the cri t i cal areas of human head and neck 
response and the effects of res tra i nt system va riabl es  on , accel eration loads in  
the forwa rd , -G  , and l a teral , G , d i rection s .  Howeve r,  essent i a l  ly no  em
phas i s  ha s been i1 aced on the vert�cal di rect i on , wh i ch i s  cri t i cal to surviva l  
i n  ma ny a i rcraft acc ident s .  Al thou gh a i rcraft occ upants can wi thstand the fu l l  
9 5th-percent i l e  surv i vab l e  crash accel eration cond i t i ons i n  the l a teral and 
l ongi tud ina l  di rectiöns wi th no ene rgy abso rpti o n ,  but on ly  proper res tra i n t ,  
the · human body cannot tol e rate the ve rtical impact forces typica l  of a severe 
acc ident  wi thout  ene rgy absorpti o n . 

Des ign pri nci p les  and cri teri a for a i rcraft seats and res trai nt systems are 
presented i n  the Ai rcraft Cra s h  Surviva l  Des ign Gu ide  ( 1 ) * ,  wh i ch was or i g i 
nal l y  publ i s hed i n  1967 and has been upda ted several times . The mos t  recent 
revi s i on i n cl udes resu l ts of  more than a decade ' s  research and des i gn exper i 
ence.  lt  descr ibes  des i rabl e  strength and  defonnat i on characteri stics , mater
i al se lecti o n ,  attachment to the a i rframe s truc ture ,  c ush ion  properti e s ,  
energy-absorb i ng mechan i sms , restra i nt system conf igurati ons and characteri s
t i c s ,  and means for system eval uation  by an alys i s  and test i ng . 

Cri teri a for crashworthi ness a re al so conci sely s tated i n  a U . S .  mi l i tary spe
c i fi ca ti o n ,  MIL-S-58095 ( 2 ) . Key requi rements perta i ni ng to crashworth i ness 
are mi n imum static strengths and l im i ts on the seat ' s  l oad-defonnat ion charac
teri s t i cs i n  the longi tud ina l , l ateral , and vert ical  d i rect ion s .  Al s o ,  i t  i s  

*Numbers i n  pa rentheses i ndi cate references l i sted a t  end of paper. 
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s peci fied that prov1 s 1 on mus t  be made for energy absorpt ion i n  the vertical d i
recti on ,  and  the  energy-absorbi ng  mechani  sm mus  t protect occupants rangi ng i n  
s i ze between the 5th and 95th percent i l e s  from experienc i ng accel erati ons ex
ceed i ng human tol erance .  

An obvi ous prob lem i n  des i g n i ng for the two extremes of  occupant we ight i s  to 
provi de suffi c i en t  s troki ng di stance for the 95th percenti l e wh i l  e ensuri ng 
that the 5th percent i l e ,  ut i l i z i ng a shorter strake di stance , wi l l  not suffer 
excess i ve accel erati o n .  The s peci fi ed c ompromi se sets the energy abso rber 
l imi t l oad for a s tat ic  l o ad factor of 1 4 . 5  G ,  based on the combi ned we i ght  of 
the 50th-percent i l e  occupant and the movable part of the seat.  

The performance of  a seat des igned in  accordance wi th MI L-S-58095 is  eval uated 
by means of s ix s tat i c  tests and two dynamic tes t s .  Both dynamic tests ut i l i ze 
a 95th-percent i l e  anthropomorphic  dummy and a re conducted accord i ng to the con
d i tion s  i l l ustrated i n  Fi g .  1. Both demons trate the s tructural i ntegri ty of 
the seat under s imu l a ted c rash condi ti ons . Fu rthermo re , i n  the first  tes t the 
energy-absorbing rne chan i sm i s  requi red to ma i nta i n  the accel erat ion measured on 
the seat bel ow a s peci fic l evel , i l l u s trated i n  Fi g .  2 ,  wh ich i s  based on data 
conta i n ed i n  Ref .  3 .  For exampl e ,  the vert i cal accel eration component s hou l d  
be l e s s  than 23  G for  durati ons i n  excess of  0 . 006 sec .  

In  tes ts of  seats des i gned s i nce 
TEST CONDITIONS AND SEAT ORIENTATION - devel opment of these cri teri a ,  a 

1------------------� _ characteri st ic  seat pan z-ax i s  ac-
TEST 1 :  TEST 2: • 
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DOWNWARD, FORWARD , A N D  FORWARD AND LATERAL LOADS ce lerat1on  response has been ob-
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curve, i l  l us trated i n  Fi g .  3 ,  the 
seat pan accel eration ri ses sharp
ly du r ing the onset of the i nput 
pu l se ,  then drops rap id ly ,  some
t imes pas s i ng throu gh zero .  lt  
then ri ses s ha rp ly  in  a secondary 
spi  ke before dampi ng out  around 
the l oad factor used i n  the des i gn 
of the energy-absorbi ng system . 
In mos t of the tes ts conducted 
duri ng the t ime peri od be tween 
1971  ( when the cri teria  were es
tabl i shed ) and the presen t, the 
seconda ry s p i kes  have exceeded the 
cri teri a l imi t o f  23 G and have 
been a source of concern . One 
question  of concern i s  whether the 
seconda ry s p i ke i s  a natural re-

TEST PULSE REQUIRED 

CHANGE IN 48 GA VELOCITY = � 15.2 M/SEC 

�1 °siis , __ 

CHANGE IN 
30 G A VELOCITY = � 1 5 .2 M/SEC 

-1 osk'b3 1--

Fi g .  1 .  Dynami c test requi rement s  ( 2 ) . 

s ponse of the seat and occupant  
dynami c system, or  if  i t  i s  caused by s ome external sourc e .  A l so ,  it  i s  not 
known whether the accel e ration s p i ke i s  haza rdous to the seat occupa nt.  

Simp l e  ana lyses of  the test data have ind i cated tha t the seconda ry spi ke i s  a 
natu ral response of the seati ng system a nd ,  i n  i tsel f ,  does not i ncrease the 
haza rd to the occupant .  Howeve r ,  the an a lyses have a l s o  suggested that the 
crash pu l se m i g h t  be haza rdous to the occupant at t imes other than during the 
seconda ry s p i ke .  lt was concl uded tha t the accel erat ion- l im it i ng cr iterion as 
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Fi g .  2 .  Maximum acceptabl e vert i cal seat accel erati on ( 3 ) . 
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Fi g .  3 .  Typ ica l  res ponse of seat pan ,  dummy ehest ,  and 
dummy pel vi s to verti ca 1 crash l oad i n g .  

i t  now exi s ts i s  not suff ic iently  c omprehens ive ,  and that add i t i onal research 
shou l d  be i n i ti ated to enab l e  devel opment of improved cri teri a .  

A research program was i n i t i ated to meet the fol l owi ng object ives : 
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• Estab 1 i sh the sens i tivi ty of seat and occupa nt response to sys tem 
vari ab le s .  

1 Determine  the effect on system performance of the type of dummy be i ng 
used for test ing  and establ i s h  an  appropriate standard i zed dummy for 
a i rcraft seat system eval uat ion .  



t Investiga te the perfonnance of the seat wi th occupants more nearl y 
representat i ve of  the huma n  occ upant  than are anthropomorph i c  dum
m i e s ,  i . e . , human cadavers . 

t Establ i s h ,  through dynam i c  test i ng ,  addi ti onal i nfonnat i on concern i ng 
human tol erance to acceleration  l oads i n  the +Gz d i recti o n .  

The pu rpose of  thi s paper i s  to summar i ze the s tatus o f  thi s overal l effort and 
to present some prel imi nary i nfonna t i on ava i l a b l e  from these current programs . 

Typic a l  System Response 

An energy-absorbi ng a i rcraft seat general ly  cons i sts of a rel ative ly  rigid 
frame attached to the a i rcraft s tructure and a movab le  bucket i n  wh i ch the oc
cupant i s  seated and restra i ned . Because of s pace l imi tati on ,  the motion of 
the bucket re lat ive to the frame is usual ly restri cted to the verti cal d i rec
t i on , where forces in excess of human tol erance are l i ke ly  to be present.  Re
l at i ve moti on i n  the vert ical d i rection i s  control l ed by an  energy-absorbi ng 
dev i ce wh ich i s  des i gned to s trake under a predetenni ned cons tant force . In 
order to achi eve l ow we i ght  i n  the overal l system, practi cal seat energy ab
sorbers u t i l i ze p l a stic  defonna tion of metal as the i r  primary operating mecha
n i sm .  

An impact appl i ed a t  the base of the seat i n i tial ly  decel e rates only the mov
abl e  seat mas s ,  as the uncompressed cush ion  and body , i l l us trated i n  Fi g .  4 ( a ) , 
cannot immed i ately support l oads . The res i stive force des i gned i nto the energy
abso rbi ng system i s  based on the total mas s  of seat and occupan t .  Therefore, 
when i t  i s  i ni ti a l ly appl i ed to the seat mass  a l o ne ,  the seat accel erat ion s i g
n i fi ca n tly exceeds the 1 imit  l oad factor  for wh i ch the system was des i gned,  as 
s hown i n  Fi g .  3 .  Meanwh i l e ,  the downwa rd vel oci ty of the body segments rel a
t i ve to the seat i ncreases u nt i l  the s pri ngs as soci ated with the cushi o n ,  bu t
tocks , and torso a re compressed suffi c i ent ly to decel e rate the segments above 
them . At thi s poi n t ,  i l l ustrated i n  Fi g .  4 ( b ) , the accel erations of the body 
segments reach the i r  maximum val ues . The net upward force on the seat i s  re
duced at th i s  time,  · perhaps even bel ow zero,  so that the seat acceleration i s  
at  a m i n imum va l ue .  Unl oadi ng of  the occupant then rel eases the downwa rd force 
on the sea t ,  and the seat accel eration c l  imbs to a second pea k .  Eventual l y ,  
t he  ve loci ti es of  the mas ses i n  th i s  dynam i c  system , the body segments and the 
sea t ,  approach  each other ,  a s  s hown i n  Fi g .  4 (c ) . A s teady-state l evel of ac
cel e rati on , near the des i gn l oad factor of  the system , i s  atta ined .  

It i s  important  to note that the peak  accel erations  of the sea t  pan do not nec
essari ly  coi nc ide wi th peak dece l e rati ons of the occupant pel vi s or ehest ,  and 
thus are not necessar i ly  haza rdous to h i s  safety .  However,  the cri terion bas ed 
on  the Ei band tol e rance da ta does not consider the seat  pan accel eration excur
s i ons  from the average .  Therefore ,  more comprehens i ve cr iteria  a re needed.  

Summa ry of Current Research Programs 

As  part of thi s effort to deve lop  more r igorous cri teri a ,  a number of dynami c 
tests have been conducted usi ng  both anthropomorph i c  dummies  and human cadaver s ,  
i n  both r i g i d  and energy-abso rb i ng seats . The 7 5  dummy tests have been con
ducted a t  fou r d i fferent fac i l i ti e s ,  two with hori zontal s l eds and two wi th 
vert ical drop towers .  Vari abl es  that are be i ng i nvestiga ted i n  the dummy tests 
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i nc l ude the s hape a nd magn i tude of 
the i nput decel erat ion  pu l se ,  the 
vel oci ty change , the type and s i ze 
of  the dummy , the ene rgy abso rber 
l imi t l oad , the seat we ight ,  the 
cush ion characteri st i c s ,  the seat 
orientat ion , and the s tructural  
s pr i ng rate of  the sea t .  The 
ba sel i ne conf igurati  on for the 
dummy tests that use the ene rgy
absorb i ng seat i s  i l l us trated i n  
Fi  g .  5 .  

The cadaver tests a re be ing con
ducted usi ng the same seats , wi th 
two seat ori entati ons and three 

H E A D  
0 energy absorber l imi t l oad s .  An 

d, 

PARTIALL Y 
C O M P R E S S E D  

---� ---------� C R A S H  L O A D  

(8) O N S E T  OF DECELERATION L O A D  WHEREIN PELVIS 
REGION IS RESPONDING TO DECELERATION LOAD 
BUT UPPER TORSO AND HEAD ARE NOT 

PELVIS 

: i n i tial  series of tests was con
ducted us ing  a r i g i d  sea t ,  i n  
wh ich the vertebral col umn of the 
cadaver was a 1 i gned wi th the im-
pact vector . Each of the three 
cadavers was tested repeated l y  
wh i l e  the peak i nput accel eration 
was i ncreased i n  i ncrements of 2 G, unt i l  a ve rtebral fracture 
wa s observed by posttes t x-ray . 
Fractu res occurred a t  l evel s of 8 ,  
1 3 , and  30 G .  Then a second phase 
of the program wa s i n i  ti ated , us
i ng a production energy-absorbi ng 

t---'--::s� d 2 
� seat ,  the c rewseat for the UH-60A 

H E A D  Black  Hawk h e l i copte r .  Th i s  phase 
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PELVIS 
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(C) H I G H - D E CELERATION L O A D ,  STEADY-STATE CONDITION 

Fi g .  4 .  Spri ng-mass  representation  
of seat-occupant system . 

c of the program con s i s ted of n i ne 
� tests d i v i ded i nto  two seri e s .  

The f i rs t  series cons i sted of a 
maximum of two dyn ami c tests  wi th 
each cadaver. The first tes t wa s 
conducted i n  a confi guration s imi-
lar  to that i l l us trated in  F i g .  5 ,  
with the seat ba ck oriented wi th i n  
4 degrees of the impact vector. 
Ap plyi ng a +G

1 
accel erati on to the 

occupant , th1s configuration i s  
referred to a s  "vertica l . "  I n  
the second test the seat  wa s 
pi tched an  addi ti ona 1 1 7  degrees 
forwa rd . Applyi ng bo th -G and 

+G accel erat ion to the occupant ,  thi s second configurati on i s  referred \o as 
th� "combi ned" o ri entati on .  The s tanda rd 14 . 5-G  energy absorber l i mi t  l oad wa s 
used i n  al l these tes t s . 

Two cadavers succes sfu l ly pa ssed the fi rs t tes t ori entati on , but recei ved ver
tebral fractures i n  the c ombined ori entati o n ;  two other cadavers rece i ved 
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fractu res i n  the first  test .  For the rema i n i ng three tests i n  that phase of 
the program, 1 1 . 5- G  energy abso rbers were used, wi th the seat in the more se
vere combi ned orientat ion . Al l three of these subjects al so received vertebral 
fracture s .  

The second phase o f  the program , wh ich  i s  be i ng conducted i n  1982 , i nc l udes s i x  
tests i n  the c ombined orientation  a nd  8 . 5-G energy absorbers . Three tests have 
been comp leted i n  thi s phase wi th one vertebral fracture occurri ng . Deta i l s  
of the tests i n  th i s  part o f  the overal l program can be found i n  Re f .  4 .  lt 
shou l d  be emphas i zed that bone strength for l i vi ng humans , especi al ly the av i a
tor popu l a t i o n ,  i s  s i gn i fi cantly h i gher than for the cadaver popu l ation tested . 
Detenn i nat i on of  the bone strength rel a t i ons h i p  between the cadaver and avi ator 
popu l at ions ,  supported by recent operationa l  experi ence wi th energy-absorbi ng 
seats , wi l l  j u s t i fy use of a h igher l imi t l oad than the threshol d detenni ned i n  
thi s program. 

Mod i fication of Dummi es for Spi nal Load Measurement 

Ana lys es of the data from the test ing  program descri bed a bove demonstrated that 
the current  c ri teri on for seat eval uation based on seat pan accel e rat ion i s  not 
suff i c i en tly sens i ti ve or re peatab le  to prov ide a mea sure of haza rd to the oc
cupant .  Spinal  forces and moments , wh ich are the vertebra l - i njury caus ing  
mechan i sm s ,  need to be mea sured di rectly duri ng the tes t . *  Therefore ,  a dummy 

*Fatalities in aircraft accidents can have many causes . However,  nonfatal i r-
revers i b l e  trauma general ly i nvol ve the vertebral col umn.  Therefore, s p i na l  
i njury tol e rance i s  a cri tical  factor i n  eva l uat i on of  a protective system ' s  
perfo nnanc e .  
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to be used i n  a i rcraft seat test ing  shou l d  i ncl ude capabi l i ty fo r measu rement 
of such l oads . 

None of the exi s t i ng anthropomo rph i c  dummi es has been des i gned for vertical im
pac t ,  part i c u la rly wi th res pect to the sp i nal col umn,  whi ch i s  a critical  re
g ion  for human tol e rance to impact i n  that di rection . At present , the Part 572 
dummy is  the bes t  ava i l able  choi c e .  The rei n forced rubber cyl i nder used a s  i ts 
l umba r s p i ne pe rmi ts  mo re cons i s tent pos i ti o n i ng than the s teel bal l -and-socket 
configurat ion  used in some ea r l i er  dummi e s .  Instab i l i ty i n  the earl ier  type 
cou l d affect response of the upper torso wi th concomi tant pena l t i es on tes t re
peatabi l i ty .  Another advantage of the Part 5 7 2  dummy for seat testi ng i s  a 
human l i ke pel v i c  s tructure, wh ich s houl d res u l t  i n  l oad di stri but i on on the 
cushion  c l ose to tha t for a huma n .  Second ly ,  i f  the resu l ts o f  tests conducted 
a t  di fferent fac i l i ti es are to be compa red , s tanda rd i za tion  of dummi es and tes t 
procedures i s  mandato ry ,  and the  Pa rt  5 7 2  dummy i s  the on ly  exi sti ng standa rd 
dev i ce .  

For these reasons a 50th-percent i l e  dummy conformi ng t o  Pa rt 5 7 2  s peci fications 
was s elected for mod i fi cation to pe rmi t mea surement of s p i nal  l oad s .  An ada p
ter was desi gned and manufactu red to  permi t i ns tal l a ti on of a s i x-axi s l oad 
cel l a t  the base  of  the l umba r s p i ne ,  protrud i ng i nto the pel v ic  accel erometer 
cavi ty .  Tbe transducer, actual ly i ntended for measu rement of femu r l oad s ,  has 
axi a l , s hea r ,  and bendi ng capab i l i ti e s  of 3 0 , 000 N ,  1 5 , 000  N,  and 350 N-m , re
s pect ive ly .  

Because a 95th-percent i 1  e dummy i s requ i red by present sea t tes ti n g  s peci fi ca
tion s ( 2 ) ,  a second dummy was a l s o  modi fi ed .  The pa rt i cu l ar  dummy se l ected was 
that mos t  nearly resembl i ng the Pa rt 572  de s i g n ,  an Al derson V I P-95 ,  wi th a 
pel vi c structure and l umba r region  o f  Pa rt 5 7 2  configurati o n ,  and wi th an  e l a s
tomeric  s p i ne .  

Al though l oads a nd mome nts i n  the l umba r s p i ne a re o f  pr ima ry i nterest i n  the 
program bei ng descri bed here ,  measurement of forces and moments i n  the cervica l  
s p i ne are a l so  of  i nterest .  Fi rs t ,  based on cadaver test i n g ,  tol e rabl e l imi ts 
for both s hear and bending of the neck have been devel oped ( 5 ) . I nstal l a ti on 
of one of the s i x-ax i s  l oad cel l s  i n  the dummy neck segment wa s p l a nned i n  or
der to  provide forces and moments fo r di rect c ompari son wi th these val ue s .  
Such data s houl d be particul a rl y  us efu l i n  eva l uati on of  vari ous helmets , whose 
we i gh t  may i ncrease the potenti a l  for neck i njury .  A second rea son for rnea
suri ng neck l oads wou l d  be to  obta i n  a greater understandi ng of overal l occu
pant res ponse to  l oads transmi tted by the sea t .  Such i n formation  wou ld  a s s i s t  
i n  val idati on o f  mathema tical model s of  seat/occupant response .  

Unfortunately ,  the  Pa rt 572  dummy ( 5 0th-percent i l e) does not  h ave suff ic ient  
s pace ava i l ab l e  at  ei ther end of the  neck segment to  i ns tal l a 6 . 35-cm-l ong 
l oad cel l wi thout  s ignifi  can tly a l teri ng  the head-ne ck lengt h .  The V I P-95 
dummy ,  on the other hand , has a tubu l a r  s teel section i n  the l owe r end of the 
neck.  Ada pters were des igned to  al l ow repl acernent of thi s  el ement by a tra ns
ducer .  

Deta i l s  of the mod i ficati ons to  the dummi es and the i r  tes t ing a re presented i n  
Re f .  6 .  
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Summa ry of Resu l t s  

A l though a compl e te presentat i on of the resu l ts of more than 100 tests cannot 
be offered here,  s ome of the more i nterest ing  observations  perta i n i ng to the 
rel a t i onsh i ps between cadaver a nd dummy measu rements , and the i r  impl i cati ons i n  
devel o pment of  n ew seat cri teri a ,  wi l l be di scussed . 

Compa ri son of Tes t  Fac i l i t ies 

The four  faci l i t ies conduct i ng the tests were g i ven s peci fi cati ons for the i r  
base l i ne condi tions s im i l ar  t o  those imposed by present seat test cr iteri a .  
The ba sel i ne decel eration pu l se for the Federal Av i ation Adm i n i stration C iv i l 
Aeromedica l  Insti tute (CAMI ) ,  where most of  the dummy tests were conducted , i s  
compa red i n  Fi g .  6 wi th the decele rat ion pu l se for a compa rabl e test at  Wayne 
State  Un iversi  ty (WSU ) ,  where the cadave r  tests were ru n .  The average impact 
vel oc i ty wa s 1 2 . 8  m/sec at CAMI and 1 2 . 6  m/sec at  WSU .  Al though the peak s l ed 
dece l eration  a t  CAMI was h i gher ,  4 0 . 7  G versus  3 6 . 1  G at  WSU, the rate of  i n
crease of dece l e rat ion was l owe r,  980 G/sec versus 1700 G/ sec .*  Tab les  1 and 2 
present resu l t s  from the two fac i l i ti e s ,  us ing  the s ame dummy, i n  the conf igur
ati on i l l us trated i n  F i g .  5 and under the cond i t i ons descri bed above . Al though 
s i gn i f i can tly g reater seat stroke was achi eved at CAM I ,  the z-component of seat 
accel e rati Qn , wh ich i s  used i n  the present tes t cri teri on ,  appears qui te s imi
lar  at  the two fac i l i ti e s .  Wi thi n the dummies ,  howeve r,  di fferences in  re
s ponse can be noted . CAMI tests res u l ted i n  h i gher l umba r l oads and h igher 
accel erations  i n  the x-di rectio n ,  a long  wi th l ower z-accel eration s .  The seat 
pan Dynami c Res ponse Index ( DRI ) ,  wh ich i s computed from the response of a 
s i ng l e-degree-of-freed om , damped ,  s pri ng-mass model of the human torso that has 
been correl a ted to ejection seat i njur ies  ( 7 , 8) , i s  s l i g h tly  h i gher for the 
CAM I  data . 
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F ig .  6 .  Typ i cal ba sel i ne decel e ra tion  pu l ses for two test faci l i t ies .  

*The rise time for the deceleration was computed u s i ng a s tra ight  l i ne connect
i ng po i nts  on the pl otted wavefo rm a t  10 and 90 percent  of the peak  deceler
at i on ,  as descri bed i n  Ref . 1 ,  p p .  194-95 . 
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Test  
Faci l i ty 

CAMI 

wsu 

TABLE 1 .  

Seat 
Strake Seat 
( i n . ) Pan x 

1 0  . 6  2 5  . 1  
1 0 .  5 26 .8  

6 . 3  1 5 . 3  

COMPARISON OF SEAT AND OC CUPANT RESPONSE FOR 
BASEL INE  TESTS AT TWO TEST FACI L I T I ES 

Peak  Ace el erati on  
Seat Pel vi s Pel vi s Ches t 
Pan z X z X 

2 6 . 4  3 0 . 5  3 0 . 5  18 . 1 
29 . 4  25 . 1  30 . 8  24 . 1  

28 .9  1 3 . 5  39 . 7  1 3 . 3  

(G} 
Ches t Head  Head 

z 

3 0 . 4  
25 . 8  

4 1 . 3  

X Z 
-- --

3 1 . 5  3 6 . 5  
38 . 5  3 6 . 5  

2 1 .8 39 . 6  

Du ra ti on of 
Sea t Pan z 
Ac ce l e ra-
ti on a t 

23  G (sec) 
0 . 007 
0 . 0 16 

0 . 0 1 1  

TABLE 2 .  COMPARISON OF LUMBAR FORCES AND 
MOME NTS AT TWO TEST FAC I L I T I ES 

Tes t  
Fac i l i  ty 

CAMI 

wsu 

Axi al Force 
( N) 

5 , 4 10 

3 ,850 

Shea r Force ( N) 
1 , 600 

1 , 280 

Moment ( N-m) 
143 . 0  

68 . 5  

DR I  

2 1 . 0  
19 . 7 

1 8 . 4  

Exam i n i ng these resu l t s ,  i t  i s  appa rent that any di rect compari son of dummy and 
cadaver res ponse must uti l i ze data col l ected a t  the same test fac i l i ty .  Al s o ,  
because i nput condi ti ons that meet the requi rements o f  exi st ing c ri teria  can 
produce di fferent res u l ts at d i fferent fac i l i t i e s ,  i t  appears that to lerances 
on  parameters defin i ng s tanda rd tes t cond i t i ons need to be fu rther reduced . 

Compari son of Cadaver and  Dummy Response 

In order to  prov ide data for a c ompa ri son of cadaver and  dummy response,  five 
tests were conducted at Wayn e Sta t e  Un ivers i ty with the i ns trumented Part  5 72 
dummy under cond i ti ons s imi l a r  to  those used i n  the cadaver tes t series . Bo th 
vert ica l  and c ombined orientation  tests were conducted . Three test s  used 
1 4 . 5-G energy absorbers , a nd two tes ts used spec ia l ly des igned 1 1 . 5-G  devi ces , 
wh ich  were a l so used during the fi rs t phase of the cadaver tes t program . Re
su l ts  of  comparable cadaver and dummy tes ts a re s hown i n  Tab l e s  3 a nd 4 .  Re
s u l tant  body acc el erations  are presented for c ompari son because the acce l ero
meter ori entation i n  the cadaver does not neces sari ly  correspond to the s tan
dard dummy coord i nate system .  

Sea t  s trake val ues presented i n  Tab l e s  3 and 4 i ndi cate that ,  i n  general , the 
Part 5 7 2  dummy requ i re s  sl  i gh tly less  s trake di s tance than does the cadaver .  
The seat pan  vert i cal accel erati ons , presented i n  Fi g s .  7 a nd  8 for the ver
tica l  and c ombined tes t s ,  respect ively , s how tha t the i nteraction between the 
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TABLE 3 .  COMPARISON OF SEAT AND OCCUPANT RESPONSE FOR DLMMIES AND CADAVERS 

Duration of 
Pea k  Accel eration  ( G) Sea t  Pan z 

Seat Accel e ra ti on 
Stroke Sea t Seat Pel vi s Chest  He ad a t  23 G 
(i n .  ) Pa n x Pa n z Resu l tant Resul tant Resu l tant (sec) DRI 

Dummy , 
Verti cal 6 . 3  1 5 . 3  28. 9  40 .  3 4 3 . 4  4 1 .  7 0 . 0 1 1  18 . 4  

Cadave r ,  
Verti cal 7 . 6  17 . 5  26 . 5  33 . 9  N/A 49 . 7 0 . 004 2 1 . 8  

Dummy , 
Combi ned 4 . 5  2 7 . 8  23 .9  3 5 . 2  3 1 .  6 46 .9  0 . 004 1 7 . 8  

Cadaver ,  4 . 5  3 7  . 3  2 5 . 4  2 2 . 8  N/A 59 . 6  0 . 004 2 2 . 2  
Comb i ned 5 . 5  40. 5 2 1 . 0  44. 4* N/A 97 . 3* o .  19 . 3 

* Impact between mouth-mount accel erome ter a nd thigh . 

TABLE 4 .  COMPARISON OF SEAT STROKE FOR CADAVERS 
AND DUMMI ES IN THE UH-60A CREWS EAT 

Tes t  Descri pti on 

14 . 5-G E/A , Vert i c a l  Ori entati o n ,  
42-45 G Peak  I n pu t  Accel e rat ion 

1 4 . 5-G  E/A ,  Combi ned Ori entat ion ,  
42-45 G Pea k  I n pu t  Accel eration 

1 1 . 5-G E/A, Combined  Orientat ion ,  
42-45 G Peak  I nput  Accel e ration  

8 . 5-G E/A, Comb ined  Ori entati o n ,  
42-45  G Peak  I n put  Accel e rat ion 

Cadave r Tests 
Occupant Seat 
We i ght Stroke 
( 1 b) ( i n .  ) 

166 7 . 6  
1 6 0  7 . 4  
140 7 . 1  
1 48 7 . 1 

166  5 . 5  
140 4 . 5  

2 18 9 . 4 
1 4 1  7 . 0  
160 9 . 0  

200 1 3 . 1  
1 43 9 . 7  

Dummy Tests 
50th% Part 5 72 

Oc cupant Seat 
Wei ght Stroke {1 b � {; n .  � 

164 6 . 3  
164 7 . 0  

164 4 . 5  

164 6 . 5  
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F i g .  7 .  Seat pan vertical accel e ration  for a Part 572 dummy and two cadavers 
mea sured i n  vertical  mode tests wi th 1 4 . 5-G  energy absorbers.  
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Fi g .  8 .  Seat pan vertical accel eration for a Part 572 dumrny and two cadavers 
mea sured i n  c ombined mode tests wi t h  1 4 . 5-G  energy absorber s .  

Part 5 7 2  dummy and seat pan i s  ve ry s imi l a r  t o  the res ponse measured wi th human 
cadavers .  The c ompari son between body accel erations  for the dummy and cadave r,  
however ,  does not  s how a good correl a t i on .  Resu l ts of thi s l imi ted compa ri son 
seem to i n d i cate that seat performance cri teri a based on seat pan accelerati on 
may not be as sens i t ive to occupant type as a cri ter ion based on body segment 
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accel e rat i on . However,  i t  may al so i ndi cate that i njury mechani sms wi th i n  the 
body , e . g . , s p i na l  defo rmati o n ,  cannot be rel i a bly predi cted from seat pan ac
cel erat i on , as  i nternal body response can va ry s i gn i ficantly for vari ous occu
pant types with s im i l a r  i nputs from the seat s .  

The moment-rotat ion  characteri st ics for the VI P-95 neck wi th the l oad cel l i n
stal led  were measured s tati cal ly a t  CAM I ,  and the resu lts  are compared i n  
F ig . 9 wi th a fl exi on res ponse envelope wh ich was proposed i n  Ref .  5 a s  a re
su l t  of human vol u nteer and cadaver test s .  I t  appea rs that the dummy neck re
s ponse characteri st ics  prov ide  a n  adequate human s imu l at ion . 
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Fi g .  9 .  Res ponse o f  V I P-95  neck com
pared wi th proposed fl exi on 
res ponse envelope of Re f .  5 .  

Concl  u s ions  

I n  th e 40-G vertical  tes t wi th the 
V I P-95 dummy , the l oad cel l i ns ta l l ed 
i n  the neck mea sured a maximum s hear 
force i n  the x-d i rection of approx i 
mate ly  3 , 560 N .  Re f .  5 reported mea
suri ng s hear forces of 1 , 590 and 
1 , 940  N wi thout damage i n  dynami c tests 
of two cadavers . Al s o ,  i n  the s ame 
40-G dummy tes t ,  the nec k  load cel 1 
measu red maximum bendi ng moments (y
axi s ) of approximate ly  102 N-m i n  ex
tens i on a nd i n  excess of 226 N-m i n  
fl exi o n .  Re f .  5 suggests tol erab le  
l evel s of  7 5 7  N-m i n  extens ion a nd 
190 N-m i n  fl exi o n ,  mea sured wi th re
s pect to the occ i p i tal condyl e s .  Fo r 
d i rect compari son wi th those val ues ,  
the moments measu red i n  the dummy nea r 
the base of the neck woul d have to be 
reduced to account for the di fference 
i n  moment a rm .  

The res u l t s  o f  thi s prog ram i ndi cate that forces and moments i n  the sp i ne of 
an anthropomo rph i c  dummy o f  Part 5 72  or s im i l a r  des ign can be mea sured with a 
rather s imp le  modi fi cat ion .  However, i f  these measu rements a re to be used as  
predi c tors of vertebral i njury ,  they must be correl ated to  fractures in  the hu
man s pi ne .  Th i s  i s  presently  be i ng  accompl i shed through s imu l a t i on of dummy 
and cadaver tests u s i ng the mathematical  model descri bed i n  Ref .  9 .  However ,  
the vertebral s trengths for the cadavers mus t be rel a ted to  tha t of  the flyi ng 
popu l ation  i n  o rder to devel op a mean i ngfu l  to l erance cr iterion for seat eval u
at i o n .  

Tol e rab l e  l evel s of  shear force and bendi ng moment for the neck have been pro
posed i n  Re f .  5 ,  but a deta i l ed c ompari son of dummy and cadaver head-ne ck  an
thropometry i s  requi red to  rel a te the l oad cel l measu rements to these l evel s .  
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