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This ~~~~~~ r~:’.’rt -.wers ~ 
r..2 research eff~’rt to deternine the feasi—

~: an ~~~~~~~~ ~1a~Jer type restraint syst~~ f ’ r  use b’~ crewmembers
e~ec:Lng f r . ’~ ni1 i tar ~ a ircraf t .

T~i~~s program was sp~n~~’rt-~ b’- the Naval Air Svste~ Co~~ and , Code Atr—304 B
under the continuing Exp loratory Develo7ne~ t Phase studies , with the objective

~ and ~ -i~~ .. i~~~ the feasibility and p racticali t~ of ~ ar ious proposed
i r a~ i i~. ing -‘ ~~i operational function s, t ..’ ~~~~~~ new re—
c~utr ~~~ent ~ ‘r t~-~~ z-cv~ - r~~~~: -

~~~
-
~~ t~ len ces.

~~~~ e f f ,~r: was conducted under t i ~~ sub—t a sk title. “~~-~~ight Escape
~~~~~~~ Pos~~~~~~~g at ~~ Restrain t ,” wh ich is involved in the developiuent and
:~~-~~::~~~ of ~‘~~ t ton seat s u - ~~~r~s and cc~ ’~’~ents - assure optimus body
~~~s~~t i ~’~ and res t r a i n t  dur ing i n — f 1 t ~~ht  escape and parachute recovery .
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B . ~~C K G R O U ~~~D

Pa’: ~~~~~~ rr~nt r~~-.- i e ~~ ~f aj,c~~~n ~~~-i : st a ti~ t~~ s continue t~ clearl y
: J ~~~a:~ that -rr.~~ r.~~ r~ - a t n t ~ vs~~~~~s do not u~1t t - ’~’ protec t t : ~~ ~- r t-w—

:...- ent~ rv ~ is ’n :-r ’f ~~le , and ~ t±r ~~,a~~ not .Fi r i~~g j ~iv e r ~~t
t~~~n~ such as • f e t i :~~ an d turbu len ce . h1~~ ‘C’ maneuvering, en—

• ~t :-~ . dur ing c V ~~~~~~~~ - ~. ~~~~~ t i ~~:. A~ i~ e from t~~~ high ~~~~~~~~~~~~

~~~~~~~~~~ • . . r ~~~~~, .~~ data : r t : - ,~~r shows tha t ~~~‘~~rLe! .  are h~~ir ~ sustained
t~~~ ~~~~~~~~~~ ~- . r e ~~s ::~~j~~~~~ Of t i e  e ject i~’~ ~~ well as during parachute

- ‘ .~~~~
-
~~~ ~~~~~ In — -v-. - 

~~~~~~~ mu 1ttp le 1n :urt ~~s are being sustained . The
-- - r - -. t ~~ ~~~~~~~ pos~~~ - - and r~’~tr3 ~~ the man I- . ‘,:ell ~~~~~~~~~~~~~~~~~~~~~~~~~

: .t - . a.  av~at rs flying ~~~~~~~~~~ r fj r rj n , e  a.r~ ra:t n,~r~ a l l v  ~-~ ur th~ NA— .
~~~~~ z . - r s ,~ se -.: wh~~~ serves “ .‘t ~ as a parachute ~~~~~~~~ harness and as a

r es t r ~~~~t ~- -~~:e —- .iur ~ r~ :l~~~it &fl c.~ ~~~~~~~~ A r t ~~t-~~ survey shoved tha t less
p i t ~~ .~ ~~ es tL ’r ~e~ ( l v  with a t~~~~ t restraint sYstem . Most

~‘i ~~’: - .  ~~~~~~~~~~~~~~ t~~ -~~r i~’.~-ss  a t tachments ~~~~~~~~~~~~~~~~~~~~~ and s ’— e ; ‘urp ~’~~el ’~- f~~- ’
~~~~~~~ ~~~re .~~~~~

. :i~~r : t - .•~ ~Lffe r~~ t ~~~~~~ . ~~ 
‘

~~~~~
—

~~ .~ar~es~ ~~d appro~~—
aU ~~~~~~,‘:~~~~~ : • ~~~- ~~~~~~~~~~ -~t~ ted that t h e ’.~ were ~~‘t speciall y

:~ :ted : : ~
- ha~ -’e~ s t :  ~sin~ . 

-
~~

- 
~~~b~nation -f an i~~’r - ’ o r —

~~ f , : : e ~ 
‘
~~.\ — . ~-iu rness an ~ .~ :~ o~~- 1v ~~~ us: re~ :r~i~~: -ontr t~te~ t~’ the

I Cau se :..~~ p ;: :‘ ~~~~~~~~~ ~:1~ er :~~e lap ~~~:: result~~~ in.

a -  P’:r b~c’ .~v .- . - : i ~-~ .:.; - : :
~~~ ~~~~~~~ t~~ n cf  t~~.e ~~~~ ~~~~~ loads . , ausing

~~~ t~~ Le  ~~~~~~~

b. ~~~~~~ ~f airc r l:t -.:r.c: .re wl:h t h e  ~~~~~~~~ ~~~~~~ ~‘r :~~g~ r1r~ egress

• 
.~f : - e seat t

Cause ad : ’na ~~~~~~~~~ on : ~
- .~~ -— — - .~ ie : - i~~f :~~~: 1.--~ of the

C 4 .:- ’ — — i. :  4~~- ’1ce ) .

3. Negate the fe tvenes~ .~f ~~e i n e r t i a  ~~
. .~~- : i ~’n af~~ r ~‘r during

‘ t i . ’~~~r.~ . a ~~kL

seat instabi1~~- and ~~~~~~~ — f ~~ crewman ’s extre” i
t ie’ .

5. ~~~~ ~~~~~~~~ loads .‘~~ :~ e re~~~a~ ~~~~~~ -:i r~
,. ~~ opening .

A ~~~~~~~~~~~~~ 
, i f  t ’ . ’.- i ~~~s and ~ e- .- e~~’— e ~~:-  are currently n- .~ - - ut~ ii—

~ .:-z ~arious ~e :?’~~Ig and ~~~~~~~~~~~~~~~ :c r  :- ; c ~~~’.~ ~~ur ~~e’z ~~~~~~~~~~~~~~ r~~.,
-s  ~~~~~~~~~~~~ ~~ .~~‘ . q te,  ~-1e f f e c ~~iv,? equ ’’t.

• ~r~. - -~~’ ~~~~
_  _ _ _ _ _ _ _ _  —-—-
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T E C H N I C A L D I ~~~C U S S I O ’~

The ~~~~~~~ -ar.~:~-r ~.nves:t~~ition is one of a nt~ ber of concepts being in—
v~ St i ~ ited .~~~ a ~~‘-s ~‘1 .~ssur tng op ti—um bod L~s~ t loning and restraint t~’
re~~.ce i ’ ~ r~~es related t . ’ the cockpit e~ r e ss !a~ .’elera tton phase of the ejec—

t -M’ S~~~U~~’ . e .

s’fs:E~ DEsc !~:P::Y.

• The ~j n~~ :~ bet ~ g ~ieveloped use an ~nf1ac ab le system t. :tch can be de—
-

~~~~~~~~~~ an d i : .~~ r a : . - ,: d:re:: -. l i t . - t h e  f l i g h t  s i i t  .- . v. - r . i ~~~s , (see figure 1)
~r separatel~: as a v e s t  ( : c ~~r~ 2 ) .  Upon init :~~t’!ng ~~~~~t i~~i~ aid ( - ‘ flowing
ca no~ -.’ re~-~’val. the se-i t ~it ’r : t a  ree l ‘~‘:l1 :‘ire simultaneousl y with the source
o f f l a :~~~.. .-~~~tne in ert ial reel ;‘u l~ ~‘r tightens the upper torso bac~

i s :  t~~ t seat. as may be necessary , t~:.: body inflatab le b ladder (BIB) sys—
t e r  ~n f l a z e - s .  Th.: bladders ar~ located between the man and the seat at—
:- i ~~ i,

- .: ‘ r a in t / r a r a ch u t e  harness. The MA—2 integrated torso harness , which
is w ’r-~ over t i . :  f :~~~ t sui t and/or th. :  ;~r ’r ~ -ce~ B I B  v . :s t , is the restraining
eçu~~r~~en:  t i t i s t  ~~ich the inflated bladders force t h e  occupant against the
,..:at. The :late.. bi. ~ers ;~ush t h e  cz- -’.~r.ai

’s upper t .~’rs o tightly against
— ~- t :.e back -f t h e  seat wh t e also Inflating undern~-ath the lap belt pushing the

h i ’ s d~~~~i~ 1y m t . -’ t h e  s~- a t  pan. T h i s  a c t : ’n  : -r - es ~ht ,
~reu~ er her t~

~* ~ ro- ’ . :r  ar d  - . c - ; r t  r re— t~~ec t io n po sit  1 -n  ( f I g u r e  3) h ’ r er.oving all
the s ack :ron the r e str .i i i t  s’.- s: . :— , and i t  negates the ef ~ e c t s  of ati crew—
— .ii eit~ er ~“.r r’ se ’.v or i nadver t a n t l v  f . -. i ng •- i : : - . a loose r e s tr a~ i:. The
e r : l r~’ l - i t i - ’n s e ç u t i c . :  is acc i I s h e d  ~~~ :~~ s than ~)O

Di.r~~
-
~~ the ~eaz ao ‘ 3r’ a t ion sequen.- .~, t h e  sea t re stra Int ard I n t l a t l . . ’n

h.’s~- are d is - -’nn.: .:tec ~. —. tie nor— a l  manner. l or ’orat~~’~ .- f  a s i np l e  ch eck
va lve ret aiis t h e  :‘res-~-~ r e -  i n  ~

. - B I B  s v s t .- — af:~ ,‘ ~ o~~e .se~~ rar i. --~ aid wi
r ~rot ect~ cn a~ a~ ns exc~:ssive ‘r~’n In~ parachute shock f-’rces that may
be exer :e, ‘rt the re~rnai .:,~r~n~ ~ari’us cond1t1~’rs ~‘f oh i t e  inf ation. A
~r ,’r er Iv  ~~~~~~~~~~~~~~ porous b ’ , i : ~~ -r  atei- :al will allow .1 ~ont roj 1ed d e f l a t i o n .  s~
:~ ‘ -i: :h’l lowtn ~ ‘ a rac hu :e ‘i~ n i n ~ the p i l o t  wi~~ n ot  -e encumber ed ~ : ri n ~ de—
scent i - r  v~~l i  degr - i~ .: :~~i.~!~d .~wn survi- ah i .i : - - - p r ’- edur e s .

To ‘r ’:t : a~ a 1nst over e q s u r i ~~v - i - - ’n  and  t — ~ c~’~~ ensa t e  ~ -r
t i  e - : i~ n .~~:i :  - - :~~~~. an app ro nr ia t e  r e l f - f  valve .~~l ! - .- 1nvestigated f~-’r i n —

-
~~ into the sys te — . in  general. ab~’r a t - ’r -- t C 5 . i f l~ ha~ :d i ca : e~ that  ~ii

e ec:t’.- .~ i n f l a t i - -— p r e s s - r e  - - r  pro: - t y p e  ~- ‘n f igur.itl. --ns j e  aopr , ’ximate :
3 PSI ~ 1:h a f~~.i t : , ’r time ‘f 5 second~ a f t er :n1:1at~ .-” . Thi s  t i  i i —

r - .-~~i -
~~1l a l low f ’ r  ~‘ar achure  O~ Cfl h i~ t~- oc:ur  he :  - ‘r e ‘-r e s su r e  loss for abc -ut

~5 per - - -: -f i l l  e j e ct ion  cases. Location and ~‘n f i ~~ir a t i on  of the f i l l  hose
ii.i :t :t~.ngs -.‘i L l  be su~~~ ::en :~~- d i f f e ren t  frc - r  the a n t i — ’ :’ ho~~ and ‘-‘cit
s-: i t  o~ e and v e n t  s i l t  ‘nose :- ‘  rreve nt conne ctl-n to t h e  vr - ,’n~ s up r i v  l ine .

• ~EL~ r

in i t i a l  ~a 5 r : . - c ion .~f a-’ ~~la : an e gvst e— i n r - ’  a conven t ional f l l ~ ht  s u i t
•:.; -~ a04 - j e n ei n . arch 19Th. ‘h-~ - conf i~uratIon consisted of :- - - - separa t--

as sio~~ i n f i~ -.~r - ~~. The :~ o h adders ~-ere joI~td b’. a

a 

- - - - -. .. 

—- . - ‘~~~~- ,-- ------- — ---- .-- - ,- ----- - ----- - - - -
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conne c t o r  tube which was rou: . :d  around t h t~ ins t u e  of t h e  c ov e r a l l  collar .
The s~-? a r a:e  n a c i e r  c ’n f t ~~ r . i :t on was ie~ essar  to ma intain the f ront  zip
0 ‘n - - .:i~ -a n i l:’-- wni.h is s t : . i  h t~~~:- . J e s~~r a h l e  and mandatory . As a con—

t~~ e ~~~~~~~~ requ~ r.:s a - .~nn . : .- t : o n  upon ingresslng the seat and will
.,f ~ . : :  -i :~~~~’: plug s:-:lar to th.: ant i— ’C ’ ~‘r vent air connectors,

‘ut it  , .  - -1 a i : f : e r e n t  ~~~:.: to p r e v e n t  connec tion to  the wrong hose .
The covera l :  ~ o d f : 1 c a t L ~’n ‘~as 

~~~~~~~~~~~~
‘.- an a d d i t i o n  of two st owage pockets

on :~~ :r s ~... e ~~~~~ a~~~ess slOtS to allow installation of the inflatab le

;
_ 

:~ : : ‘ : - ~: ?Si ’TCTY P F E’.’AL~ A Tl , -~: —

Th.: N.v.-~~ s Max tonun Performance Escape S’. s t e r - ~ (MPE S) e- ’ ection seat was
used as a t e s t  bed t o  c o n du c t  t h~ prelimina ry subjec tive evaluation of the
f~ r st  cover a f i  installed : i : l a t a h l e  s’.-s t e n . - seat was configured with a
:: ‘t~~-~~~~~- O a i r  ~~ ir cc  and an accaiularor ’pressure releas e mechani~ — (f igure ..)

wh~~.- . i : :ow s t h e  i~~er t ~ a :ee l  and Ia; ’ be l t  r e z r a tor~ to f i re  simulating the
ac: -oal ba~~ ls :ic act :~-:: on the sea t during ~~e :tLon . Through appropriate

~~~~~~~~ s~.u c — f f  -~~i - ~- v~~ . and pres sure r .~~i~ t-r s , : : e  inflatab le bladder system
was al ,: ...eo t o i c - f  l a t e  t o  a set ot prede:.:rri~ned :~ -~~: or e s s or e s .  The initia l
ser ~~~s of sub ect i ve tests of t - - ..- - inflatable system was conducted in conj unc—
t:cn wl : -t t - e a i t o r a t h  at~ retraction c~~~t e — whic h is a co~~~oien t on th e
~~‘ES sea t .

In a l l  : ‘ - : s .  t he -ir ~- . : :  was l e f t  : rj ~~~a l 1 v  Th ’se rr io r  to the cinch—
- ,  act - . - \ : : e r  t h . :  c . o h — u r  cy c l e .  t i —  b ladders  were allowed t o  i n f l a t e
~: - ~: - by r .it~~--~ -i -.‘ a v e  ~~tre ,vr  of the r r . - s s ur e  reducer.  As the bladder
pre ssur e in creased , t i e  s-~b e c t s  were ‘ l e  t o  experience vary ing degrees of
re s t r a i n t  f o r . -e applied to  t i t- i t  upper to rso .  S ix  d i f f e r e n t  sub-~ e c t s  were

obta . -i sub ject ive ~ i t a  suc h as: t h e  e f f e c t : ” -c - e~ s of t h e  re-
s t r a in : , t h e  -eak  - -~~r a b l e  ~-~~lCt ton  r r esaur e , c - o n f r r t .  and the  e f f e c t  on

~e i c .  t s ’ b reath in~ a p a r i i~~t v . The e f f e ct i v n e s s  of the restraint was de—
ter ~~~~e~ by : - - . . s . h ects ’ in a b t i l t - -- t~ — y e  for w a r d ,  up. down , -or sidew ays j r ~
the - -  i ~h 1le  t n f l a : e d . All sub~~- ~ ~- x r . - r j e n e i  a t ot a l  I n a h 1 i 1 t v  to  move
:.e er :‘rso . except f - o r ~ in i ~ al  ~ . :— t o — s t ~~e ~ c t t on  of the buttocks. A l l
si~~ e :ts  n ’t e o  t i e  evenly d . - t r : -  . t . : .:  :-~- .-- sure a,tro .c ’~ t h e  t or so  pushing them
i — t o - - sea : ‘a:~~, ~ :th no ass ‘ciated d l s c ’r f o r t .

The peak .- r - ss cr ~~~ th a t each sc ih ’ ec: was c a c -ab l e  of t - , i e r a : l i g w i t n 1 n
t i c  ~~~d ie r s ‘— a r 1ed  f r ’ —  l .~ ‘ 3.0 PSI.  T h i s  v a r i a t I o n  can be a ttr Ibu ted
to :  the an :-cn :  of i n it ia l  ‘ e t  t ension rr i o r  : t i . :  c l n c n — u t ,  inf atIon cy c le ,
- ,r ~~ ra tolerance evel. ard a~~~ th . :  fit of the MA—~ i n t e g r a t e d  t or s o
-~~~— e~~s and o n e s :  s:r .ir .l- r

~ s :r~ent .  At the p o in t  where each scib ’~~.- t  dete r—
n. -’e.: t - - a :  :-- e -.- were s u f f i . - :~~- - t l v : i~~h t .  no p a I n f u l  d1~~co n f or :  wac e x i e r l —

— - en - . ? : ;  -cwe-:e r .  a l l  sub~~.::t -~ were re~ :rIcted in their ab i l i t y  : -  f u l l y  :n—
~a i c  due t o ic r r e s s ir e  t - e r : e d  - a i- -~~t t h . :  .‘ h t ’~~~t (ron t h e  BIB. A l :  - -

- - ec:~ ~x r e r i - - - - .. c the  sh a l l o w  h r e . i t h i n &  condition at the i r  peak l e r —
a b e  - r.- - s ; r - o . ~iO i e  f e l t  I :  c o z d  cause any adverse e f f e o t s  f o r  the ahor~
. ...r~~:i : n  of :— e  toa t t nev~vould 4’e subjected to : h 1 4  condition .

‘I
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Af ter oo~ p e r ~ n~ the f i r s t  series of  static c o s t i n g , it was dec l - : ed  to
r h .  size  of the bladders to det ermine ii a smaller  ar ea would also pro—

d u c e  a ~u f f t c i e n t  de gr e e  of upper t o r s o  restraint.

The second b ladder was f a br i c a t ~ d with an ex t r a  n~~ ber of ribs between
t h e  bladder walls to  keep i t  con strain ed in .~ f l a t t e r  c o n f i g u r a t i o n  upon in—
f l a t ~~ c- , r t - re~~ ;onf ~’r— L ng more . r loseiv to the shape of the upper torso .
. ‘~‘~ her series of static t e s t s  with the second p r o t o t y p e  no d e l  showed that
t i~~ 5’- S t e i~ again  e f f e c t :- - -~~~

‘ - - - re~ :r ~atie.: al t h e  t e s t  ~ - :h ~~e c t ~ ~s in t h e  f i r s t
case. I i  th~.s ser~~-s - - f t e s t s , t h e  bladd~~- - - r e s . t r t - s were a l l  between ~.5 t o

~.5 ~Sl , and a J  s-~h~ .-c:~ vt- r e a g a i n  r e st r t t e h  t ~~~~~~~ ~-r ~~o : h : n~ at t h ~ s~
levels .

lh~.on c o n p l e r f ~--n of the suc ’~~. fu l  n o n s t r a r i o n  -~f the  ~ se of an inflat—
ab l e  svs:~~~ as -~ means o~ provid ing an ex tr ene 1.v e~ f e c t i v e  method for re —
s t r a t n tn ~ a n d  c o u p l i n g  t h e  cre~~.enher to the seat fo r  p r e — e ~ e c t i o n  po s i t i o n —
Ing , adJ~ ti.-na ~~~ - r : s  were u n d e r t ~~~en : de:er ~~tne  ~~rc ‘ra Ic al ~on f i g u —

orov~ d l n g  such r . 2 5 : r a i n t .

.~~~~~: ~‘(?~~~‘. ‘~F ’ .ATABLE RES”R.\ :~~ ~rv~:: ~-P~~~::

- ‘ ligh t suit con t~~cration provided a convenient — ean~ ~or
o de n s t r ~v I n g  trt e f~’ t ~ v~-n. -ss of :~‘e inflatable restraint conc ep t , it was

- o n s :  ~cr ..- o  t - z - a tical : r n  an operat iona l s t a n d p o i n t  as t h e  : a ~~ n~
th e  ~- a - r : e r - - . - . r lgh :  s , tt is rn as an outer garne -.t d~ r~ nc

much or  .- :- - -i . t 1 :.~o:: d - c t -o - - ~- : r - . Th.- ~~~~~~ would ca~ s~ add. : ~ -oi-~~ bu~~
- c  hea t bu l l  :--o - . and subj ec t t h ~ ~~

- - - -  - t e i t  ial cana~ e during
t ~s :i-•- .

As -~ conseq uence . an t n i~~~t ah- l t  ‘- -c~~: t’- -;’e ~— ir ~ - . c - t  concept was - - n s i d ~ r-
Th i -  --- - .~~~~~ be - ;n easil’- donned ltz ~.: v - i - ~ -~t vest which would h. worn

over t - e  f I ~~h t  - ~~t a t :  ~c n Je r  ~~~~ .- MA—2 :~~: r ~~:~~ - - r s ’  H arne , . s .  A nunb~ r
of conf r a t t o ~ s w ~’ r~- e’~an l n e d  and t h e  I n i t I a l  ne selected for fab rica ti on
and eval - t -  -- i s  shown f - g - re 2.  Th:~ ~n~ :ial  r - r - t o t ’ --ne was c on s i d e r e d

b e t~’e n a x : - n p-- - :  -
~~~ size and was selected d e t er n tn e  :ts e f f e c t I v e —

n ess .  ~~~
- ‘ o’~e r • .-~~-~~ r - -- - -

~~~~
-- , t n f a t ~~o’n ~~~~ : i- n~~. w~~I g h t ,  b u l ’ . and .- - -n t i - r t .

‘,as in: ic~ :- i : - ~ : - - ~~t :ut-~r.~ c-rotot v:-e rcfi nements woc; d opt~~ : c f ’ ec r —
iveness -- - - r  --u * s i- . .

A 30 ~- ce- ~: :e subject was ~.- j e c : .  - for ~e — o i - -n~ ng :- ~~ na : t e rn~ f o r the
An a d d t t  t o — a l  advan t a~~e -‘f t h e  sep arate  vest concet t IS that

can be con: r- — -. re to t o  t- r- ’-’tde better retentIon and load d~ s— —

• o . - - than when c-ns:r r,e ~~o e:rv of the f I I ~ h z  sui t
;:-:erall . i  - - on~ - a~~-ws :r-Ited - :a r i a t I cr . s  in shape due t o  t he  z ipper

- f r - - - : and I n :  r~ n - -  - - wit - scans and p-o - k .’t - . I: a c -  a l l o w s  t h e
- - :  to -

~~~ nace oc- e piec. ra ther than w it i  tht ~ tWO s e :a r a t~’ ~‘jad-jer ~ a-
use in  ~~t

- f l i ~~b :  su i t .

-J
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As seen In rigu r e ~~, :o~ vest has convenient straps tha t are a dj u st -

~-: tn velcr- fastener s . The ‘-‘est . ils. s i n p i t t i e s  :anr :.atlez: and negates
th e  need : n o d f - - the :light suit. The first vest pr ot otyp e  was completed in
\ o r ~~l : -~~~ and was -

~~~~~~ : for s:-~~~~~-~, v~-~~~—e meas - rent- ~ ts . nan-c ~ 1 j~ f l a t t c n
t e s : : n g ,  - — f o r : , con :~in g  and r enov:~.~ s cu d I . ~., and : 4 b r : oj t i o n  techn iq-~es .
As .1 :.- -- i :  of t h I s c .~~~~,a:i - ’n , a second pr - t o t - -p . - ‘-- .-~~t was f ab r i ca t ed  w h i c h
:-: ~uc~~d many b e n e f i c - a l  changes , .spe ta -- it’. sha ;- e and fabrica tion techni— —

~~~~~~~ ia second ve,t noc. -  va ’  sciv.::ed i ,  ~u Itac -le for furt ,
~ r ~~~~~~~~~~~ •

E . C ~~ t-~ CY. tR r~ STl ~ (°

An ej e c t i o n  tow. - r  te st pr-o ~~ran ‘-a~ conth:cr - - : utilizing t . - second vest
The o~~ ective of m e  tt -~~t :nc was t determine if there was an”

inpr~ve~en: ~n the Je~ ree -i :- .- s t r a l n t  d u r t n c  e ’e c t i o n  wi th  t i e  in f l a t ab le  de—
v : e  over ~ .r r e~ per ~~:iona s’ -ste ~s. Th.- ap~- r- -n was t o  c onduc t  a compar a—
:~ ve analysts ~e zwee: ’ Irtf . z t : — ., - ‘-e s :  conjunc t ion w i th  t h e  ~~~~~~~~~ an in—
f a :ab le  vest and .~~‘~~~ -: ~~~ o : r t  b:.~~o r r  i n  con 4 -a ’.ot t on with .. .MA— 2 nanness
and t h e ~ -\— 2 c t r n - s t ,  alone .

The ~~~1s r c ~-~
- - .t:-- : the d i ff e rence In n. - r ~ - rmance was tie a - :qu l s i t i on

inc  a n a l y s i s  o f -~~ tr- :nen- r a t i o n  d a t a  such as:

• I r a t e  g — r -  I-’ the -d~n , - v chest

• 1 - - o r  --ta 1 acce le r omete r  in - t-  dnnr --- - chest

• 
‘. - - : t  :cal - .r - - .- t -r in ~~~ -

• VCtt::-i i ac er et e r  in the d - . -n ~ea~

• acce er~ —e:e~’ -n tie o a t  a:-~. ’.t gun.

• ra te ~ ‘otO in : .~ cr-n’- head

• nr~asure transduc er In :h~

• 1 - r - ~~~- ; r *  t r ~~—~~: . -r  in  n e c k  b i t i e r

• 1 h o r i z~~n : - ~ l accele ; ~~~~~~~~~ In the d u r v - - e o -

? - :o~~ra~’hLc Cover t.

- 

~r ~ ocf l s l ’t t e d  o f :

• — -O~ FPS cameras n-o~ n t e d  ~:a:I - a r  on -e around to record the side
‘ 1ev of ~~

- -tion -;p the - to I~~ In.~ be~ uc- the rii-

• ~:I l l  :. v~~t~~~e vas -~~taIne. :-‘ dec-inent - ,st i .f v nrete~~t ac-c
:es- c ’ n d l ’ i o --

- _ _ _ _ _
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— The e— :uti-n-ent re-~~i ted ‘.-as :

• I body .~‘f l a t a b l e  ‘- l a d d e r

• neck support h :a d d ~’r

• A ~ a r m i n — ~~t .- .- r  e~ ec:. ‘.e t t  ~ttit *~ n~ th e stand ard ~~~~~ ~O—inch strc-~~
o t j ~

• A ~ ner en tl :e du !~ y.

es: Pro~ran -~-:ti Ic-e

F urdin ~ t n:zatlons and  ~ t r t - : : schedu l ing  - ~~.:tI ‘n T - w ~-r 
“j -- n— tIne ’

;t’r .::ed on -- a total : Irtigs , -. . ‘ : . t - -O a~ :- ‘llows ~

• T~-re~ contr ol teStS - : . H - i - n : the .ta~-ca:- d A~ — . inte gra ted  :-~r ~~ - - bar—
n.e . - the . c i y~~ f l t - -c - , i ’~ - tn~- .-r

• Three tests attl~ :lng th. vest type BIB under mh. - MA— harness

• ~~~~~~ ~~~~~~~ tit - In~ ~~~ ~~~ and the neck SU~~i~~t i  b l a d d e r .

~~~
- -

~~~ ~~~
-:

• A~~ tes ts --- .-r~ cond ucted wIth a ~~— -~eroentti.- du~~~t :~~~tt cncd in i

“ar:In—Ba -~-r e~e cm:-n ~~~~ j :  a:td uttiiz;n~ : . .  standard ‘-?~-‘-~~~a t.~: .  ~t.

• Toe d-.2nn - was na r~ t-d w Ith - t o o  r : r l a t e  target noIc - :~ to treasure is—
a - r t - ’. ’ .  :.~d —t - ~t io nar- base -‘.-a t Ion. I~m urt~ 5).

• The restrain: syst en was snug t o  ~~‘-~-i a : e  normn a i 1 l i i ~ht c o n d i —

• t-’ertta ree l was f u l l ”  r e t r a c t e d  a r - .t locked .

• The J u v  was repos.:~ on - - -~ in t e  seat in  an l d en :i c a i  nac -ne r  p r i o r  to
ea.-~ t o - t t , . s In ~ t o e  m a r ~~~ r ioin :s ott du~~ ~

- an d f ixed r .ference points on
the C~ CC :. -e r.

• The c ;—n’- was ~resse1 Vit -Ofli~ t~’e t’J~— narness. No boots. hel~net.- .r- ~va~ sear ‘r - . - i l l s  - --o re u~~ d d n r t o ~ t -~o tCSt

• t~~f latib e vest and ne ck b la d der  support vere I n f l a t e d  - -c
--r~~~~ :r- .~~~r t : r  - ftrIn.~ , for all ~m . t o  wht~ h, t~ were used.

• ~
‘ e ~1? -i -’~ nec k ~u ‘- - t cO~~lir ~ - m- - -~~~v~ r’ ooI: -r .-~ - ~~

. - _

ot:c~~ — r iot :-  ~~~~ test ~irinc :0 a~~~- - r e  r rod iblilt ” of .- -ic h teSt Dties.

a

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - --~~ -~~
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ab .e ! is a c : t ; : l a t i o n .  c l  a 1  t o , - r e - o r c e a  -eak values eb t a i c e c
t o e  : - m ~ d teat s t c c~~. The - t-- -. ’- s-town in t~ ;- vnd: ces A through C were

plotted fr -c~ the di~~ t im ~ -i d.ita, F i c~~t e s  A —I th r  - - .~ h A- of appendix A are
~ o~ c t~~o an~~-~ ar ci s: I enen: versus t ir~ or each of he tes ts  con—

the  B~~ svs :e~ al tte and t , e  BIB svs: -n with t:te neck co l l a r  con—
f . m- - i t : - n s .  Tht- -t e curves  a l s o show a plot -m the average -.t .. -~d a -  t t~~c r . t —
t l o c -  or c o n t r .  ~er~ es supe:-.mpc s~ .~ f o r  easy c- ’--par :son . All  - :  t o t - S e  p lot s
show a sn-. .f. l~-r .tn.~~~ar dii- .. ~~ t o :  t : t n .  :-

~~~ ~
-- ~- r t c . - ~ m attci rd - -‘n t r - ’ con : :~ t —

t r at :  -r mn. — ~h.-w the ~-eak va~~ -s occurring nuch c a r l l e r ,  Also , ve ry  much in
o-.- t c ~ nce ts a rap Id decrease In &~~~i i t  ;ce , — t r i l a t i n g  a i~- - - ~ - - r n ~ slnu scfca .
r e sn - -n se .  T h t s  r os-- :nse 15 - :~~1 v a - a t- i  t~ - t I S t i~~~~~~ t t ~~:e a ir  bladder;  i t s
of fe, : cc- s t~~ :~e r f - r 4 o . e or sale: -- as pec t ~s o - :  innvdiat e -- Jiscernlble.

Only I : - . ~
- - .1 orc’.-ide a s ’ ~ e::t~- e eva -.a:i~ n. These t e am s  do ,

.: -. e o e r .  m d :  i ’. .- :-~ct toe ~cnn- - wa s furt her tack :n- t h e  seat turing the

t eJe::Io n

The ctirves ~h- wn In ft~~~res B—i through B—~ - :  ~t I p e n d I X  B are p lo t s
of : te t o t S -  : . :e ~---r -c - .-. t ine . Each t e st  with t ie alone and
-~~th t . te  ~:3 plus ne~~ co~~. - ir are aga :— p -::ed t o ~~et er  -.-i:o the a’.’er a ~~e

cc -c -m r- - I t - -- t ~ ‘er impo sed t- easy t- .- - erence and oo~parison . A lso super i” --
is a :1 t of the - - ..r:~~oal - im a p u l: acceleration for , 3 d d I t t - n a  t O t  Ct

moese plc:~~. as w e l l  as f r ’ -  t h e  peak -- tI ~~ s s ~ n in  t :-~l - l~ I , it is s~ c—
c-If ~ -anm o. ‘me t - - at toe ~re.,:,-st reduct ion In t o r s o  n - t a t  t o o  o c cu r s  ~•ti 

—

In cc’ b Inatt .-n- ~— I m  - the nec~ su p p r: o o l ~ r. This Is consi- ~rt with pre—
‘— :s da t a wh I ch  -

‘ tha t t • -r~ - - r..-sponse Ii. a~~fected b’ a-ad — 

The dat a - ear v so~-v s - .t t - t ~~~ ii ~~~~~~~ ut a much si - ‘-.e r rate i~ith
• - .- ~r B I B r I U S  n c k  ce l la r  t t  t ’ - ~~ t : ’ - - t c-f peak c am: - .1: accel era—

: 1 - -’, - - t t . o ~ tO t’ - . o . n t r -  -r s:attda rc -n fi~~crat1oc - . Al~~- - , the BIB plus
neck cc -L ar •ertes ~ “ -

~~ :-rso rim ~ :‘eaki— ~ - ;~h ea r lie r than t o :  313 o n l y  
ird — n: I~~ura:~ 

— , ~~~~ :at :-‘~~ -~ r ~:ah e : I t I o n .  J~~r I n g  -ca t s —
pult on-- - :. Soferr:i: o,~o~- to i h :e I , t t~~~~~ m~i : o: a l  t o r so  a c C e l e r a t i o n  ser-
Ie~ shows an :- - - ‘rt c~- O e t O e t t t  red~~- ~n In .  peai - ac cel era t ~On -.~I: ~ ic--
fl a t - i -Ic hI - i - :.,r i-cs: ~~~~~~ — 

—
~~~~~~

— . the ard con t t~ - .rat ton . A lso
I . i~ ~~~~~~ ~e:~~r—~ ned : -

~~~: . — - en : redu c t t o n O C 0 - . r t t t In. toe
r~ a n .~n ’. a r  ‘.- e l o c i t ~-’ vi’-- m—e ~~ O n l y  c n f t ~~:;r at  I -n as

•i:  the i- -era se  ~‘e~~~~ —- i t. - q:andard con:i~ urstlon .

The - n- - e s  shown ifl I I~~~i~e5 - - I  : - r  - ;~~~~
-

- - -f a p r en d I~~ C are plot~ of
-- ‘rt- -’-:a tor so ac ce eratlon ~etIu5 t ine. Each . c r - I ”  me s (N , ’ - - . ~ and

~nd 3:3 pl ’a- fleck ioo~~rt - -lI - it .
~~~ ‘: -~~~~~ ~- d ~ are ~~ tte ~ wIt— h~

~-- er.~~c ~tanc.3 rJ - ‘of i t t  ‘-c serie~ superin~’osec as veil as ~~ catan ult ~uc-
accelera tIon : - ~~~e for r:fere nce and -‘a t - o ’nr3r ~~~~c- . A:~ - - o ~~c : e 3 B  Only

- -
~~~~~~‘ a reduction in eak :c~r s- a c . ’ e r - .: ~- ‘n , a more sI~ c- 1:~~-

can t :o.3 n~~ ’ o~ C~;r~ In the b.’rI:onta c-,~~~or.en: of the head acce lerat ion - The

~~ ~~~ neck ~cI.I~ar s - .-ws ‘ocr- l t t t le  d i f f e r e n - : ’ in.  the ma ;nimade of the 
.a~ “ .: ~~~‘ acc,l :- -~t tL - n. - ‘- .: does show a tmcre st~ n i f t c a n :  ct-ov-~~e :rt :hs~

-~:r. - —ital hea o  c~’ nonen -m a~ c- --- t ’ar .~. to ‘-- -tb r - . s:-i-- da rd and l ’ S  oni-- c on—
- . The acctt. -n of ~he n..~~k co llar a l e -  t’as an sf: - ,- ~h one

of t n o  hcrircn:al a.o~~~erat~ . ~~;~~- a t  - r- - . - : -~- : s - - the nec co~~ ar - ‘re - .
the .-cr - — ’ ’ c~r i n  f r ~~ ‘Søt:-c~~. - c  ~‘z t  - on :- - .

~ d~~~ -~
’ chest , The re *

na n - p ~i ’ift-an e 1 :~ c - s  ,~~~ hea~ In :- • ttn ce t - t - is no - - - ~~-t ic - J  t - - -  data

__ _ _ _ _ _ _  I_ . _ _ _:_ 
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cr1:~~r ia as5~~c t a t ~~m —.- t t t :  m: l : c — c - e s t  c o n t a ct .  As n e : i t ~~ene d nreviousl” , th~
:ort -” aI : rio- accelera ~~~-n shoved an -t ’.- er -ic - ~~~~ percer .c reduction in peak

va l - .i~ wi t h  t oe  i n f i o t a : ’ Vest ~~‘ - t eO.  when compared with the •t.ioiat - d o o n f I g - c —
rat t o .  The : o es :  I -c- —- c: mc ~~~~ r esolved I s :  how sI~ m i cant  s mh ~- rt-d uced

• peak acc ele r a tI on. l~ v e s  in te~~s o t  ~ -c ~~~~~~~~ s a f e :v~

:1 t~-~- dunc -r-- s  head c-ita ~~et e  availa ble at the t I n e  of th is  writ—
• mn~ , o.: :r~ n the t a - .  . a t .  ~o tat Ic I , I: can be seen that an -ivera~ e 37 per —

cent  r e d u c t io n  in peak hori :oc-mal (t ’ —~-t s  ‘b : i i ned w it h  BIB a~.c n ,- an d  58 per-
c e n t  r t - c ’ u  -c in the a’. - rac~- ~t~ - a cce l e ra t ion  wi th  the BIB r i u s  neck co~~ ar
c c-n :  .c : r i r t ” . ~ - . - -n: ’a re -d w I t h  :h. st andard -‘c~~I~ u r i :j on . : l~i b e l i e v e d  

- - - s :  to a - - -n- ;-arab e ~
- - percen t reduct ~ - -t-- in peak hor izonta l  acc el era—

t i c - n  — - - 
-~~~~~ st I l l  have been a~~.,, - - -~-d th~ ie~~k bladder h i d  been. used alone.

:~ is ~:t1 l  5j ~ flj(I ao: t: t -  t t -  tha t the BIB a~ one - - .- t t t : ~~u r a t 1 on did ooflSIst —
en t I~ r e s u lt  t n  lower ;‘ea— hor ,n:a head ,i- eleta ti - o . levels.

A .j :i-ttj .al : - : i r ~~~-y (Student T T e st )  was made of t o e  responses of
to the ~‘.c-rt:onta o~- a t  and the hor i zon ta l  chest (torso) - : t h -  du~tr ’- - - with

:- :e s m a c - c a r o  t f i . n r a t I o n  ‘- er s - .at • - ~~~ alot~’ COflf ~ c-: r a t~ - -:c . This oot t tpar i —
s O  (~~ee .:; oenJI’~ ~ showed t hat a st a t i s t l o a l l ’ :  s i g ni f i c a n t  d i f f e r e n c e  was
:~- : , i t n e d  It ’. - :  - - c a s e s .

Although t’ - e st~~tt - ’ :I: - tl :tf :~ - -r~o -- e ‘1 ~a- variance of the averaged t t - St
- 
~-t~.-e~ -- each ser ies  c on f I c -~r~i tL on  was s i c t L f I c ~t n t . as weU as i!l the

o th e r t r o n , !  -d ata ,  it  s t  Il nus :  be -!~ t~~r-’I -- c to wha t degree this can be C t ~ t~~
of 1-- reas~ - - - .—- - - - . m  s a f e :- and s u rv i v ab i l i t -  . It d o s .

~~‘~~~‘‘. O t , Indio-i:. - th e  v - i l - a -  for ~oc-t~~c-~:t- d : - - - , - t - - i t : c i t I o c - , especially m t - c feast—
and e f f e c m~ venesg c-: c ’nbic-ln~ the ~‘ B  concept and t ae  ne ck ,he - ad  sup—

- - n t  c ’ ’. lar L o : ~ a ~~
‘-  - take ad v a n t a g e  of m - - ~- - ,c n e f i t -  tha t b o t h

na-. o f f e r .  

- 
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TABLE I - TEST SERIES INSTRUMENTATION DATA OF PEAK VALUES

~~~~~~~~~ ~~~~~~~~~~ . ~~~~~~~~~~

(YO11O~

I CONTSOI. loll.. 10.0 NO 0 72.11 20*0 0.33 13.0 12.1

* COIIYKOL 1372* 1110 NO 0 $3.0 *0.70 10*4 1310 12.77
I-

3 ~~t43’5Ø~ 1205.4 100.1 NO 0 RU 21.00 31.27 10.31 1340

AVI~ AOI 12123 74 1110 30.21 11.1 14.4 12.70

a ssso,u v 107.7 ~~.a NO 43 40.1 *1.0 10.2 13*0 12*0

• III ONLY 703* 43, -
~: 4J 1473 33,~~ 14*0 13.07 12.20

C
• III ONLY 113* *10 NO 4.3 51.30 30.2 11* 11.00 12*0

AVICAGI 754-10 40*0 11.27 21 01 10.30 14.17 2*0

7 ill S NICK 411-0 33.10 3.03 4.3 20.10 30.10 •1 14* 134

c S SIl O NICK 402.0 34*0 3*0 4.3 34*0 21.07 10* 14.14 1314

AVINAGU *3.1 33.14 37*0 3540 ISA 14.1 1347

S
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Tb. horizont al head and horizontal chest data of table I was sub~j .cted to a paired
data Cu t.

SAMPLE CALCULATION FOR CHEST

PEAL ‘‘
~~~~~

Rifl Np. Ux (11$) (CONTROL)

1 io.Tt 1~~~3

2 L0.2~ 16.94

3 IL~8O 24 .27
i • 10.76 — 19.1.

The hypotheils under test (null hypothesis) Li:

H U C where
0 X Y

- 
- U • ~ean valu e of x

x 1

U • sean va lue of and thur. is no si~nifLcan t differ ence

between neans

The a1t.rt~ate hypothesis • H, , is H0 : U 5 < U1 
which lopli.. tha t L’~ 

~~

s L;ni ftc .ntl y soall*r than U

The test statist ic is 
_____________

L s / i - i
and

• S~~ • I (x — ~ )2 
+ Z (y —

~~~)
’

2 2 2!(x —~r • ( 10 .21—10.76 )  • (10.28—10. 76) + ~11.8O— 1O.76) •
11 0 0.31 -‘ 0.23 4 1.08 — 1.62

-
_ _ _ _  

m~~~ 
_ _ _

—
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2 2 2Z(y — y )  • (16.23—1 9.14) + ( 16 .94— 19. 14) + (24.27— 19. 14)
*J 8 .4 7  + 484 + 26.31 • 39.63

2 1.62 + 39.63S~~~ 2+2 • 10.3

• • 3.2!

With S~, • 3.21 and as.u~~ing a 952 confidence level a• 0.05

Using (n- 1) + (n~ — 1) • ~ and ,

f r ~~ t he Student distribution tables ( n •0.05 for a one—sided test)
the :abu lat e~ value ii • -2.132

ther efore, -

(S
r
) + 1 — 10.76 — 19.14 

— 

• —3.2

(3 .2 l )~~t ?1/3 + 1/3)

Since —3. 2 < -2 .132 the hypothesis cha t U~ U~ is r.2ected and the hypotheeti that
t~ < C~, is accepted.

Since a reduction in horizontal chest ac eleration is desirable , then the BIB
system is si.r~iftcanci y better in terms of acceleration response. However , its
merit in terms of improved safety is yet to be d.t.rain.d.

—

~~~~~~~ - 

— 

0-2
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SA.’IPLE CAL C~LATLO~ FOR HEAl) C
x

PE.A1( ACCELERATION LEVEL

Run No. U (B i B)  U (CONTROL)
— x — —y

x V

I .9.8 72.11

2 5.. ‘ 93.80

— 3 61.3 98.63

x — 55. : • 88.17

-r~~ hypothesis under test (null hypothesis) is:

H : U  • L J  where
0 X 

~

U • means value of x
x 1

• mean value of and there is not significant difference

between means,

The alternate hypothesis , H, . is, B
a 
: U < U which implies tha t U,~ ~~

s i ~~~~.i~~t: --- s~ a : ler  tha n U

The ~~-s: ,ta .a~~ ~ ____________

s f i - i andp —

N N
x V

• 4.

(n —1 )~’(n —1)

• ~~~~~~~~~ • (5~ ~_ 55 3)
8 
• (61 .3_ 55.3) 2

30.3 • 0. 36 + 36 • 66.7

• .1_ 88.1 _ r ) + (93.8_88.17) 2 
~ (98.6_88.1 \ 8 

•

+ 3~ .3ô 108~~ • 3~~~8

D— 3

- —--- -
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(S )2  • (~~~.7) + (398.8) — 116.3 and S • ~~116.3 • 10.8
p ~ + 2 p

W i t h  S • 3.21 and assuming a 952 confidence level a • 0.05

Using (n — t ) + ( n — 1 ) — . m a nd ,

From t~~ Student I dis t r ibut ion  t ables ( a. 0.05 for  a one—sided test) the

t abulated value is -2 .132

therefore . (x — y) — 55. 7 — 88.1’ • —3 .62
(S~) J 1  -4 1

5 
~~~. 

( 10.8) (1’3 + 1/3)

Since - ~2<-2 132 the h~pothesis that I • U is rejected and the alternate- x v
hypothes that U <L ! i~ accepted.

As before , s i - ~. e a reduc t ion ix t he hor Izontal head acceleration is desirable ,

then t he BIB syst~~ is signifi cantl y better than the standard confi gura tion in

terms of acceleration response of t~~e head , but yet to be determined is its

cor r elation t~ ~~crea sed saf ety .

~iJ~~~~ - - 

0-4
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