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NOTICE

When U.S. Government drawings, speci fications, or ot her data are used
for any purpose other than a definitely related Govcrn ment
procurement  operat ion.  t he Government thereby incurs no
responsib ility nor any obligation whatsoever , and the fact that t h e
Government may have fonnulated, furnished, or in any way supplied
the said drawings, specifications. or other data is not to be regarded by
implication or otheiwise, as in any m anner licensing the holder or any
other person or corporation, or conveying any rights or pennission to
manufacture, use, or sell any patented invention that may in any way
be related thereto.

This final report was submitted by Advancdd Systems Divisiou , Air
Force Human Resources Laboratory , Wright-Patterson Air Force Base ,
O!iio 45433 , under project 6 114, wit h IIQ Air Force Human Resources
Laboratory (AFSC), f3rooks Air Force Base. Texas 78235. Mr. William
B. Albery , Simu lation Techniques Branch, was the principal
investigator.

This report has been reviewed and cleared for open publication and/or
public release by the appropriate Office of Information (Of) in
accordance with AFR 190-17 and DODD 5230.9. There is no objection
to unlimited dist ribution of this report to the public at large, or by
DDC to the National Technical Information Service (NTIS).

This technical report has been reviewed and is approved for publication.

GORDON A. ECKSTRAND, Director
Advanced Systems Division

DAN D. FULGHAM, Colonel, USAF
Commander
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Problem

The oh~ect IV C ol this st tidy was to investigate siniple i ( ‘se ~ t ham dwa m c comt tigu rat isins tr i m lie pu lIl t 155’

of des5- nbiimg .t low— cost apprrmaclm to ( - ~uing t~it fut tire flight s im m mu la to ms

Approach

ilt e approach to denmonst rating a loss’ cost G -seat ss as (a) to develop aim algsi ii di mn to sl m is t ’ .1

umm ot t i-ce lled ( —ss ’at such that gi o ups o! seat pan ansI back t est plait’s would be sI tiveit as J li l t it - I b 1st

simulat e on an existing ( i ss ’ .tt an advanced low-cost ( 
~~~~~~~~~~ s~ s t e m m m w It h less I’m Cr1111 ponents at msl a situ i’ls’t

d m ts t’ pfitlosoph v . at md (ci to su b!cct i v ’ l~ ev aluate the immo di IR’d S C_ It  mlsimmg ti ll ’ II’ 55 . 1 1 t h  It ’ I’ .15 ~llhts’s Is

Results

-\II algom it 111mm was develops’ d to tIm 1St ’ a mutilt i-celled ( -se.t t such that St ill PIt’ I seat ~ ‘sil11 e I tit ’s co~ilsl be
tims est igated. The algori thou ~ as nmm p le mmmcmi ted antI an asivancesl ( se at w as sli n sit at t’tI on I he Ads- atte s ’d
Stmmui t atom liii Pit ot ‘lra in in g ( ASP’fl. The s it mmt t la t ed seat e inbosl ted t Ime pm incipal t’olmt ixoms ’ ilts of an

-~slvaneed I ow (‘its ! ( -it’rII mmg Sss ten m ( ,~IA ’(X Sti (.-seat being deve loped b~ the Au Li i i ~s’ I Inimman Re~sitli Cs’s

l~ibot ;mtot~ (Al l IRL ). As h’aneesl S~’stcnis I)ivisioim at ~ might Patt e isom i A IB , Oh io. t he A L ( ‘O( S ntmhmies
i uhhe r seat eti s hm isiim and bas-ki ext bladders smv et - la~- ing passive t ii ighm wedges ansI I tt bem osm t~ bios ks ansi 1OCt.11
sC i t pan and hack iest plates lou i I s’scai cbs ’s serv ed tithes as sub~e5ts t lm i ougimilrl t liii ’ st rtd~ . h i s ’ sut iteets
ss C i s ’ asked t it ext m m a t  e ( levels ansI direct IslimS of cr ies base d UI~~t ll ptuom cx pet ls’lme s ’ ss iilm tim s ’ N ash sk’ is aim sl
( .‘ss ’ai

hits’ smi mm u lat ed se a t . s un plc mit desigum , slenmonst t a ted a imlo me l i lt egi at ed - st i l l  tin nous ss’ U sj t  ion s it .1 seat
st m oct r ime t tt~mn does time fIrst getm erat toil i~Srl - tmke seat . hits’ aslv aimce sl a ppitus i I apjx’ aix to pm iivmsk mills’
acc u rat s ’ I lev el shires ’ 110mm percept ion titan shoe s th is ’ first gene ta t  ion ss’.t t ( ‘ s l i m too it’sl seat pamm a I ts1 has- km ext
for m s whm is’im ss Cis ’ evalua tesh t emi s les l to ifls’ reass’ the ps’ t ee lvesl st’tmsa t h ilt s it .115’ :t s i t  st in tact - Ille s’s’al t ia ( b u S

providesh time m ese am cit ci s wit It ai I s’am I atm al six of t he AL ( ‘O( 5.

(‘oimdusioims
An ash an ced I tO ~it g ss st s’ iil it as been sutmm ulate sl on this’ )

~sP1 ~ - seat - time as lvans’cd scat rep i cxcii ts .1

ss’csm mm sl gene ma t uit im tlcvet opmm me nt sit ( ~ Uitm S Silli t I hat it t m I lmai sI sva is ’ . hiss ’ ev al nat m sill S ~ s ’ l ls it m mte d sin the ASP i’
and sit ’ ss ’ m m  hesl 1mm t im is i epsirt slemoust ra test a s immm pk r amm s h mm mo Is ’ e fle et lye a pproae tm to I; -scat smm m mul at ion lime
SI Its ’s’ sS i I timese cv at utal tons leash time ss a~ t t l i  tn it h er I -se at simimuha lion s’ t ’l~i its.
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,uj rs ’ra tt .15 t u e  I- 41 . I-  4J  , I 14 . -‘s hO , atid F lIt . Wimat cact I si t t h ese progiamlIS has ut i s’n ’I Il i liOfl I s  th ’at a
;
~seat is ci thue r Its’ III sICS ci si1’cd nil pla mm t m es l t u m r I Ia’ simtt ula b r .  Time Nav~’ is C I I  r reti t I~ ~ l os su ring c ighi I ( ~ II ‘ss ’a u s tom I iii’ i - 41 am ms h I’ 14 siiiiulatni ix. lime Air h sflcc is curr eum ti~ sin s’ slfl tract for P tosIlic ilmt~n I 5) 1

s u’tt et ’ t m I it ’ )  Liti k’hutli ( ‘ ‘sta t x ’. s t n,’IltS is ) he bt ’ t l s i t l t t e d  l uOsi this ’ F 41’ tra i lt em s lii tills cnnu tmtr \  and l-urrlpe.
Si\ Al l I’sim s, c ( .-scats a ms ’ CIII ret it is Ut this ’ field. ‘These seats Fiuii,~’ I) art ’ diss’musst’d Ill  h u t ’ hul s ’rat tire I Kisin,
I~)7 5) and i i i  Appendix ‘s -

lime purpose nit t imis rt’ps t m is tnt ds icllmimeu t (;‘scat research pcrtormiit’d by time As I~a m ~cs’sh Ss %te ~IIS ( AS)

l) is’isun int of ’ ((Is ’ Air f ort’s’ )Iuimiaim Resmmr~’5’s 1~ horatorv , W right-Patt e rson AFB. Ohio , on thi s’ As lvaitcesl
Smiiiulats ir liii PtIsil Traimm inig at Willia m s AlIt , Ariisitia, lime original Advanced Siumiulat sit for Pilot Ti autilig

AS PT) (‘-sea t si as miiot hmt ’ied 1st (a) Imltes t ig ats’ siitmplcr ;—se~l geonlcuries amid drivs’ schcm iics. and I b) su u n u lats ’
time principa h c leim me nts sit ’ t Ile Advancesh Low Cost ( ‘cslimig System , sir ALCOGS (h - ig u rc 2) It ss as
a nt m cupa te d i l mat these studies silt time se rsa ti le ASP1’ seat would give itivestigators mns igfmu immt o simn p k’r
imardwarc cs intIgu rat iomms aimsi alienmate G- cuin g devices for the flying tr ait i ing enviro n m llicil t , Time studies
described Iiers’iui ss cii’ conductes l sill the ASI’T in October 19Th amid J amiuary 1977

II, SOt.ThARI: l’KI”PAKATION 1:0K (;-st A’r CONFIGURATION RFSFAR(’II

Objective and A pproach

T’hc objective sit ’ ti mis sRus I~ is-as to invest igate sim mipler G-seat hardware comilIgtlralisMis for t u e  purpose
ot’ desc rihitig a tsiw~~ost approacim t o  G-culuig for future tuighm t simiiulators ,

The apprsiachm to debnsinstratitig a low-cost ( -seat was (a) to develop an algorithm to drive a multi’
ce lled G-seat such dial grotmps of seat pan and backrest Plates would he driven as a unit . (h) to simiiuhate on
an existing (‘i-seat an advanced hs w-cost ( ‘crIlum g svst et im with fewer components and a simpler drive
philosophy. and (el to subject ive lY eva luate t h e  mnoditied scat usitmg t ime researchers as subjects.

Initial preI’arafis )mm for this work was beguti in 1)ecetuher 1975 . Based on readutig and studying time
literature (Kroti . I~ 7 5), computer pro~~amn Iistitigs , and mitauiuahs , a csimputer prograill was developed to
“connect ” (t hmrouglm software) selected groups of ( -ss’at cells to act as a single 117111. Thus a sea t with fewer .
large r cells could he simulated hs these csimit iectintns, For cxati iphe . the present lb small seat pan cells
( Figure I) mna~ he tuse d to sit isuhate a totl r’ Iat ’ge-ce hls device by “connecting” t he four cells uleares eacim
t’ sil flttr ,

In order to make t h e  prsigratii as flexible and usc t’ut as possible. it was desirable that die connection
sc heumic he easily chamiged through a cat h ode ray tube ((‘RT) real-time keyboard without any need for
solIware reprogramlinming. In addition, once a contlection is mimade . the type of cominection excursion
calculation should also he variable (i.e.. average. ns initniie . lmiaxit nize . or deactivate cell excursions within
lime cnuiblCcIis,mis), Ths’ software logh (to satisfy these requiremetits) was developed at the Advanced
Systems Division and used a cousnection inpstt array of dimensions 8 by I Is (maximum of 8 connectiomis~
m m maxi unuml u of ’ lb cells within any connection ) and m ethod input array of 4 by 8 (any of 4 methods for the
possible 8 cstnuiectiouis),

i’aramns ’te rs to  be inptlt from t h e  ke~ hoarsi uliust he rct ’erenced iii a sect ’moii of t he Collipu t er ss it ’tsva re

c’aiicd 1)/s I/sPOOl - I) -\  i’APOOL is a comiiimtoi i storage area reserved t’or progm-~tmn variables used 1w lu stre
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uh b .I u ,‘Ih ’ bn ’l Il bum , ’ III,! ‘ ‘I III n ’s, ’ i n ’ I’,’ lISn ’ nI ill , n ’II I IIIOi 15111 ~i t t t i  i ’  S R  I ,I~’,lI’ I li l t ’s lilt ’ 5 ,11 Lll ’I s’s IlL s’sI h i l l

l ’ s ’ ltstt ’d III til t ’ “,Ililt ’ ,‘I ,It ’I I,’’ s’ ,ln t l I, ’IliIll ~’ SI ll,t ’ 11 ‘S I AIhi.)(it 5 ,1, ,I II t 5 S’..lS ‘.s ,l I,s ’ .iitst tilt ’ I’Is ’i I, ’IIs l i I I l lIls

si n ’5tltl tI.lS t’ it ’s it i i t t ’nl l i ns i  55,11 nIs n it  t n i mu l ’ LI t t ’ m , si l t ’ , t - s lil~’lIl Ss 1 , 1 1 1 , ’ .111,1 s n n l I s s ’ S l I n s ’ II mis this ’ s’ ll t ll5 ’ Innn ’I~ lln’% i

It,i~1 tn t ins’ IS ’S mss ’sI I (Is ’ s n n l l i ln ’s 11011 uIl l isli St 1151115 ’ nIs ’ %t ’hi i lts ’sl , t i l t f  is ’s l s ’,I 5 5 1 , s ’s ’.i sI l t S s ’ I IS I sIs ’d nit l s ’ i t i

I II I IIII’ n ’I S 01 in t ui t n t i ? ’I ls  s~.ht li I .15 11 thugm t Is ’ l ’ l t ’St ’II I\ .i cell .ititl Ibis ’ S .t tilt ~ tn t iii, ’ tllel t i’. the lllsllt’Jt lt iii n i t  Si I t t l l l l

sihti5i t ,n ’ I I I Is ’ s 110 m m t i lt S s t ’ll Is In n , ,ii,’,i ‘. st iitu h’au n n , t s ’ ii i’ dt’s s ’ltit’ t’d h i t  b i ts ’ Iltt ’t iltt tl I i It ut l ts lilt In ’~’Is ‘n’,,I,’.

tt~stt~d s imm .t ‘S’S lilt ’ ,‘sim ui 1 t sl t s’l 55 sls’llI li t’tt nit’ lmmsl ,ItI.ltls III ‘‘II \‘sI’ I , V. IIIs’ii Is S l . im t t i , I ls t  pus ‘t’tl It’ fn ’I lIt ’”,

s, ’ t t v n  .1it’ , 1111’, it t ’S% muipu t ,i1’1’uti ,us-h iet lltult’sI ,tslsttttiill,II sn ’ i t i %  .115 ’ In ’t~is Is’ t ilt ’’ak tt nii’, Ii I ll s ’ II I I ’lit t’ ,I~’. hut
in ’ ,Ili n n’nI ilm~’ I~ ‘S I  -‘SPt~t~l it ’q ilti t ’lt ts ’ i mt i. I l n i l i l  t c ’ s~ It ’ i i IllS C’ S)iIl\ ib i s  ss’.li I’.I1I “.15 1155 ,1 , .15 II Si ,L’ ,ISSI I III, ’sI

t t t at th is ’ li,i~ km s ’st s t ’t ls ,‘niu lsl Inn’ SIIIIII,1i15 ,‘n ’lills ’n, iss1 it Is ’ , s ’ Ss , l I \  n il nIs ’ ’ I I t ’ sh

hutpul s

( s i t  ,,‘lliIs ’sl ln ’i lin ,Iit’ ,‘‘ni,It1Ii\t IS ’SI t t mt s it ig t m .1 4-sll iits’ itsit ill.ti ,l ii ,I5 mi.s ii ms ’sl ‘sNt ’\& ’Ol~I 11115 lmm ~’IIt Is
,,n ’Ili~’n ,5t’tl i l l  10111 tt tu iimbs ’m ’s n il Isi ti l s Its ~m ts C.l~~f I I stlliit ’iIs In ’IIS I It ’ 4 )  I _ I s!I m I iilmIt t s’I is ’~~Is ’ ss ’Il t 5 ,t li ii ’ , n it s’ n’ii\

e ,tt ’ tu slIgi t Is’ I’ I ,‘ ‘ns ’il ts .1 s’s’ll .t i ) si I lit’ s.tI lIt’ t n t  I Its’ slugit 1115115 ,It s ’ x lIt ii Ii It ’ l l s t i l l  u s ’s’ t lOll t i l t ’ ,‘~‘ll Is It) t ’ t ’ In ‘~ ‘ .11 Cs1

h i s ’ lx’ ‘it V. Is b i n 5 1551 .111. ’ C t hIs’ ill pi lt 55’ ltt ’mns’ Is It ’ (.i ) ~l ma ss .t xk s’ kit nil ttts ’ ‘it’ .11 to lit’ xu iii tu Lmt s’tI , hf
‘iIi f~

,’ t i ll il’OSt’ lIt 5’ I(’i ~‘ehI ‘it’ .11 . .111th (s 1 ,is’ilI~l I t lit’ 5~titlt’ ,‘t it t b ls ’s’t Is ill liii iiths’ m Is’ ~‘ .ts ’ ii s’s ii ii lilt ii Ills ii It 11111 .1 s’ s’1 I
t ’t t i lt ’ si’ .11 Is ’ l’s’ xtit t iil.tts’ sI. I oi t’ ‘., .1111 iils’. .1 xs ’ ,l I Iii he ion tnil.u ts ’d Is s’sili ~~ n~s’tl n ’l 4 cells ~si ci ’ s ( 1)  t t im till gii
( ~

) ,m bl’ bhIi )xuiated iii I 0, 1115 ’ ~ 111115 Ills’ lut Ituts ~i’sitt IsI he
\s ’\ ’OIiI ( I)  1111 i s’i’is’ss’i ltx I xl loss nit 5el ls )
tSs ’\s ‘ ( l i s t  ~1 1 1122 (ls ’pmese tmts 21151 row oh ce lls)
tSs ’\s ’Ol~l t~~ ~344 Iis ’p~s’ss’i lts 3ish low sit cells)
\Ss ’\s  ‘ s i b  it (41  .~ ,~ 44 ( ls’hiut ’sct )ts 4t h  isisi si t’ cells)

tIIn ’ClIs ’i s’s..1liihils’, SIIIIII1,ItIiiC .1 inn’,lt si miii (I,IiisI, IHmlI ~ h~l.t,u’, bun ,tt.IlIn ’i I.Ii~ lubemi ismt ~ ,‘ ,‘ I Is  ( I  ~ I I” is

ul l iii , tu ,uI s”,I in I mgsu it’ Im u 1i~~ Is bet’si it t c

\S ’\t ’s uh i l ~t )  1 1 1 1
tSS ’\t ’OIiI ~ ,‘) I I I  I
‘SS( ’\s ’( ut u I ~

) — 1121
- ‘SS( ’\ ’UI)l 

~4 )  1 1 1 1

)mt~’e .i s’s’tttt cs ’t tout n tt cells is utm .tsle . tI me me IIs’t’ sIx Iti his’ .t ins’ t ltsstt sit ’ s’’als’ utat mug time slt’smm s’sl c scu i stout ot
all Cs’ Its 55 tilt t im Ills’ s’n ’iti ls’t’ t I t ill Sl it Cs’ s’ .ls ’tI Ii) .l\ tI .15 s’ .1 tIm hI s ’ it’ll I ~‘‘al~’ su lat ~‘sI s’sillt l t m .tlm d I loo t thus’ sil igtti,sl
pt ogt ammt toi~i~’ t im t m y tmt g tnt sIt’S s’ Ini p all 1xi~sIb1I i t It ’ s , II sect u mes l ml mos t It ig l~’ ,tI Ins as s ’ m, l  gt’ all s’als’ulat t’sI
s O l l i l l  l.lll ,ls (II n ’I II ‘‘It CII I ,ml p uogu ammt I sigme ,mnsl Is’ pla~e liii ’ s’o mm tui ma tud s silt It t lts’ .15 s ’ l age ot all cells si Itt I mit t ime
‘‘Cn ’ lt It s’ s’t mint. ’’ ‘St hAm I Intl i .11 t i1i ~ t il lS .115 ’ sheact ii ,ll mm mi (mien I t ’aI (1 0 C St lIisIl’II s’t’lll I lUll II), 111,1511111 :11 Ini ti (‘all

cs ’lis gem t Its’ lmmg hus’st s’ n i t tm um m a t mtl 55 1 lttt t ths’ Ctilui t si s’t isitt i .ttms l m t t ulm i lI um / at Is~lt (Is ws’st coittuu ,sm l si t’sit .tlI s’ells
w utltm mu thus’ s’onuls’s’tmo tt ’l,

(‘cli s’oltluect ls iuu t its ’timntdin ,im s’ est , ihlm s lms ’tI t ltm st uglm ,t tss ’o-dt mute nsmomual .11 1.l\ imaflt s’sl ‘sS’sI I s oUl flits
lit h Ilt IS t’ t ill t jxt,nn’tl iii lu st ml tuim m bs’m’s sit I t ’ ibm st igm t s s’’as’tt (shit tus’tt~msit ms I to 2) flue tlm’s t mmii tmmbs ’u it’ll lt’Ss’Il ts Ills’
11151 fi i mmm t ’i t l lilt ’s ’ l It  ‘mIS .11 mt l f its ’ Sl,’s’miui 51 0 llulths’r i s’pi i’St’ii Is ~~ ‘ill)s’t’I ou ts ~ tim imitigit S ( umm as nIt ititu nil’ s’t~ bt

n ’ l lu lt ’C t us h I” ) hIts ’ 5 .ttt Is ’ t it t lit’ sltgt t i mt ~h Is ’ It s’s linu s  I lie s’xcu msmsu tt i’t ths’ s’s’IIs iv ut lm t t i s’ ‘a~ II s’simuuies’t iS~li is t i n lit’
s’.ihs ’sih ’at s’sh I ,it’te I)

I’il’h’ I. (‘elI (‘itmmneetion (‘side

V.hu. of DI$it M lhtod of Calculation

0 No t’sulullt’Clmn ult

I ‘Si s’l .I5t’ (‘Sc II ixmi~mts ‘.5 I ,‘n’Iut ms’C t ms ill
2 l\’’ac tm i .tlt’ s’ Ss ’ I I I \ ls ’ u ls Si I s’n i mlmlt ”s’ l ls ilt

‘Stt mtm mn t cs ’ s’’%n,’lli’sit ’ils 5’, I t”,illi ts ’s’t li ’ll t t ’  tbi .tt oh
ts~.ist ~ell s’’s,’ Ili’ sln ’il

4 \h ,I\II1II, ’s’ 5’\t’ 1ll’ ~in ’ii’5 Si I t x i mt l ts ’t’t l i ull It ’ tt m ,t t ,O
Cii’,lti’Sl cell t’ St - Il l%iOil
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I ,‘ i n’ ’n ~.t i i ip hs ’ , lit ii ’ l s ’ l n ’ l l , •‘ t i n I l l s ’ l ’ I n ’ i l n ’ l ls h u h  ~n’ll nIt ’S Is”  n’is.llitIils ’ II l% ’ IIl n ’ ‘1 II t tm n ’ I,’III , ~‘il’

, Il l 5’.lt II
s ’ l I i Is ’ s 11011 55 s’ ms ’ sls’ s mms ’si It ’ lit’ .1’. n I  ,ll~s’sl - lit’,’ lilihIlt 5’, tillitl lii’

‘SS\hI ‘i t t ~t ( I )  I l l  I i,li n’ l , i? n’ .111 1 , n ’IIIl t’s II s n I I ’ i l

‘SS ’Sl t t ’tll)l (“ 1 t ) kk ) (m mlii ‘I , , ‘ IIIII ’ n 1 101151

Ill In’l5’ ls’ mt ~’s’ In’ t i ts ~ s ’t lt n~l t ’ I t ’ i t i l ls s’’,n ’ a1t t 1 u In’ ( I  1 1 1 1 1 , ’ ‘ 1 , lb t ltt ’ t s t l .  ShI I l l I I . l t l l l t ~ .1 i’ i ,iims ’ In n ’ III In ’n il. ’iI ‘ii)
SSn ’I,’ tls ’sl ms ’ni Iii lx’ ‘as s~l . l t nn l ‘a um si hits ’ ~‘ils SIIIIIhl.ItllIl~ liii ’ Illlln’inisil s n , ’ i ls ( n ’ n i lllls ’ n’ t b i i u i  #1) ‘ . i n I ,’ n l n ’’i l ln’ tt Iii lii’

tls ’,Is i l \ ,l t t ’ sI , lims ’ Ilm Ii II ti ’ ‘n’s n ’lIls ’

\S\ hh s ’( ’Il’lh ~ l )  I ‘00

\~~\ t i  i, ’Oh)l ~‘) 0000

‘SlIs ’t I l ls ’ s l I n t ’ t ’ ’,SII I I  t n ’ s l til l Ills ’ ‘S’S lIl t ’ t n ’l lI l ’Ills ’l ‘ iS si s ’ III - t i l t ’ ln ’CI, 55,15 , • ‘ l l ’, n ’i Is’nl lillti I Oi’~ I i’~ ‘SN

l,llh ’ II ,h’ t ’ I ln’Ill I; ss ’ ,l t b i li i l’,l, l I n , i i l t h i t l l t ’l i i s t u u m n ’x , .1 Pt ’llll iS Is I n i l I l I th  SSl is ’ l s ’ I l ls ’ s n ’ I l i i l I . l Im t l ’ i  In ’ t i l t ’ S , sn ’,ll

lin’IIniiS s 55 n’ lt ’ lit I mu t. m i In t l  Ill

I II , ’St ’ t ,‘I I IIII ,illsis Si n’Is ’ IISn’sI Is Ib is ’ l’ , ls ls h i m  s ’ ,iit ibl,IIIIIC I I t ’SS s’S., I I I’ ,ln’II l’,IIIs’lll” . sI l ls  5’ .til ill,’ t h u s ’
l~i lItti5n ii it lls ’5 Si m u 11,1% C ib s’s’bl ills ’niili n ’ m, l t n ’nl Illln i tilt’ tIll.Il n ’ n i I I t I l I ,l l lnl s h u n ’ t ’ n l l l I ls ’ s iIi il l l,’s ’I, SS ,l’i 1 115, 1 t~’~l .Ills ’I

t h i s  I’n i l l l t  \ I’ ’ ai. l l l ln ’ ln ’ l ~~~~ I S t i  Ii, ’ I ii us ,i~h~l~’nt lii SIsII’ n ’i,’I th i s ’ ,hIshs ’sl s n ’lllls’t’lIi’il m o ’ s , Si ils ’iI st ’ I In ’
I ‘SI SI

hum t i mi ln ’i I.’ 1s t ’ ,I,,s’s’slh ’ ln ’ Ilnilli lilt’ ( i ~ I nIls I’ t , lS 5 , \St ’\t s m I t h ~~l) , ‘SS\ l I  ( ‘ (m l i i  ~,‘1 . .t lltt I 5 ( 1  I t ’ h

5 5 t h ’  .O hs h Cnh tn i  lilt ’ II ‘ S I  ‘ SP ’ S t ( t I  ~ ni i lt i I l i i It hh~i5-L -‘smu n i l l m n ’m s l , ’~ ’ 5’, Is In ’s n’ss ,Il S bus ’ t n i us ’ t ime i .IIi.mhhit ’s *‘n ilhiih lit’
n s ’ ’.’.s’nt his Ilis ’ ( I~ I l i l t i ml l tn i l i ,  ‘S ‘‘sl.it :ipnunil u s ’s ’1’, 55 ,15 nit ’’, s ’ i n n h’ t ’ ni , lSsI t ~l I I l t l ’ Ills ’ i.t ll ,Ibult ’s .1 I’i.ltn’ Ill lilt’

t I,bI,Ilh niiih ‘,tn0 , l t ’t ’ :Iitil ,Is’ilS’ lIhlIS ’ t nt C i t II n’ is ’l I l n ’ i t t  n i h t i l t ’ .111,15 .1 ills, It ’l,’ lt ,lllts ’ h Ills Ills ’ In i ll i n ’hs ’ i i l t ’ll Ii, i ii

‘SS ’\ & ’ t t l t l  list ’ I’s’i’ n ’ l l ts ’ ls ’ l , ’ l s ’ l l n s ’ nl his t ”t( ( t i l l  (11 , ( ‘NI t i h t t  5 1 ’  ( ‘N( ’ ( ’ll’lI 1, 1 ~, .lllsl t,’Nt ’( ulul 0’$ lilt’ iss~ ’
n ’ i s ’ IIIn ’ lI ls nit \S \ i I  ( ‘ 1, 11 11 bt n’t ’Oiiti’ ‘SII ( ‘ ( m I m I  ill .111th \ Il , 1)111 11’

It SS aS t b In ’ ml t x is sbtubn ’ In’ iin’Sn ’inip :1 ‘‘~~ .lC~’
’’ bni i (~i~ I l n ’.ih lIlIts ’ t hust ’ l.t \ “S ‘‘ IS IS ’ ,’ ’ Is ‘al l ,Il~~i l . I I l I I l l ln ’ l i n  i, ’i~ I

sh ls t ’ i : l s  iii ‘ni’ ls ’n’ t s ’ul ‘SSl’ I It ‘ S I  ‘SI’t 101 i;ilI,llihn’s b m n i l t t  ss lto ’ h m I ,IIIICS 111 :15 hI t’ lllsi’i .l% t n t . s ’ I t t s ’ in ’il u I  s ’ t l . i i i t ’ s ’ nh

t it i n ’ iut ~lm fits’ CR I ks ’ % h u s u .linl (I .lt ’ n~I l t I  ,‘I, I~ ’~’s , I’) ‘ s )  Ills’ S ’\s ’ l,iItI - \ll i, )i iI - .111th I s s l  It  I s .im i , il i ht ’s
i5s’ lt ’ niist’ t ,lS s n h  till ~‘l lt ’ ( ‘li I t ’ .l!’s ’ 11, 1115 ’ Si 11 11 Ills’ n uti t l i l l t  ni t  Ills’ I: ss ’ ,It h’ ln ’~ m 1111 ln ’i s i ’11 n ’ \ , l I l s l n ’ l ls I II,’ ‘I t ’s’

‘,S ,ls I I 5s ’ ni In ’ n ’ t t i IS i ’ i t l t ’ l i t hS  ts ’ st  l i l t ’ u u h i t ’ i , l t l nn l t  n il Ibis ’ li ls iCu .1111 \ t  n I  .1 t , ’ii t m l , l hs  .11151 s t ’ l l n’ s ’ I ln ’ Iis , Ib m ’

n ’ illt t ’s’Ihn t l t  b t ’ s ’ In si .ls ,‘ ‘ n s ’ , 11 1111 ’ ’ I ’ ln iI’ s’ I iS

• lu- u s’ i’hj losmt1ihi ( ‘iin’,muiu’,,iti .nim’,

Il l I lS Imt i ~ l i l t ’ l5 ~,ll l u lls ’ t ,ll’.Ih’lill\ - t i l t ’ illlh’ .lt ’l tI b’ till s h Im ’ IllIilt~5n ul 1htls ’s SS ,ls I.s s’Ibl III ‘ 111mm 1 ‘S’S uIli Is ’ ’ im’s ’.l

In n I I , I l i s l , l  t l , i l l n i l i S t ’ , Illn’ ln’ 55 C I t ’ II, ’ I u l n ’ l h Is ’ l l IS h i ts ’ ‘‘ l l l ,l\IIlll, ’ n ’ IIIn ’ I l l n unl s ~sl, ’ Si ts lISt ’si t , ’I s ’ ,lt ’ h l  * ‘n ii l lts’s ’ lli ilt

In ’ t i i t t , m l l l  Ci i i ’ 11111 ,I I,’, t I n il sm ’ .lt ‘ t I l t s ’ u I  lt ’ ll t .ll it ’ l l 11115 Cs , hilt ’ l s ’ iS IS lIt ’ Pmn i hb t t ’Ill 1” 1, 5 115 ’ Is n ’ .ls ’ l l  , ‘ I lII, ’ s t l n ’ ll

t’ l l l h i i n ui S’t i tI lt ’ 5,lI Ilt ’ n ’ I l i I n ’n t I , ’ll l l t n ’ lh l , ’ n l s , ilt.it Is , I t  ill ii s I t ’ 1 5 5 1  ,it ’ n ’,i - .111 Sit ’l,’ 111 ,1511111 ,‘d , n ’I ,iil ii n’ ls ’

I l I l I l l l l l l ” s ’ n l . ‘Sin ’ I , l i ’ I I I S ’ . l I ’ t ’ n ’ , l i n ’ nl I,’ l’s Ills ’ hb n’s I , l h u h ’ l t i , l s i I  tn ’l . I It l ’ In i\ i l I l . l I l l l t ~ ills’ tlt ’slIs ’t l l’l,lils’ .111Cm ’ ‘Slui

i ’ IilI n ’n ilOi t St Iln ’ It l i ’ SS iii l I n ’ s ,‘ss ,llIli t ’ u u l n t I I n  C ‘ ‘ l n ’ ,l I t ’ l s i n ’ l’ l m l t l s ’ I l ls ’ ll bs t i t i l l l  s t ~lh lil s n i l  .111th 11111’ . t i l t ’ s h il.tlI I S nO

Pi.lI tn ’ 1111 1, ’ nn l l n’ l i I :m t ln ili

‘S i.it unh s ,~ ll i n i l l I i I t i ’ ‘is 1 1 , 1 1 1 , ’ IS IS th In ’ l i l n is t  i b l b l l s ’ Ih i l n h i i i s ’ Pi l lhn u5n~h i t l5  It ’ I l I , i l i l t . l l l I  551111 • ,‘IIII , ’s lt ’nl t ’t’bl’~
‘Sm i n ’ ’s ,lllll m l : m I l I ’ll n it t hms ’ sm~ s u ’ l l l n ’ l l l  h u m n i b l i t ’ s ( hx unim t ,  1° ‘~~ i’m’ ~~~ 

‘t ’t )  Silt’S’, 5 111 ,11 I I , ’ ‘it ’ l l n ’ n il l tn i t l l  Is

Int l  Iii,’ x .151” , I s t n ’ l t ’ l , l t i n ’ l lS h I l t t lt ,it ,n ’IIl, ’ IllllIt ~ Is l ’ m n ’b’ ,lt uls ‘ i lC I l l i l ,  1 1 1 1  i n ’ i  .Is ’ n ’ s ’ lt ’ i .ll ln ihlS ,lln ’ilt’ h i s ’ S , I l lu h .‘

, t s ~’’i h i s ’ llliist lltt h i ni l 1,1111 sn ~IIs hIs ’ l l l u l i ih i t ’ lS I 0 lilt1 I I . ii III, II . l l s ’ hu’ • ’ .IIs’th n i l ln ’ s ’ h l \  l’t’lu iSS il ls ’ l’~s ’hl l . lh

I h l b ui ’l u i s l l iu ’S , n ’l h u l lS 1 i Iu i I I l I s l s ’ i IS nit t hin ’ 1m s’hs us ‘Ss’,Il Il l ilIi ~ iit ,iI lilt’ l ’ ls ’ st ’ l t t  s ’ s u hl lu i l l l i i t l ’ s s i ls ’ l l l t ’ Is III

mi ulll mi it, i ut l  I Is t n ’ l  b n ui tilt ’ t , ’u,tl sh i l S u ’ ss sIt ’lII , I b tn ’n , uum i , no l l l , ’ , I loll uu ’llllt’tii.ll lOll st ln ’ i lt nt n’l l l h’ ln ’S ,,‘hi s I t t  11151

I I III si’t ’ , l I . l In ’ n n ’ I l l l n ’ , t h t ’ h l s  h u h  Pl5 ’ I t ’ l . u t u lS .min i m mn ’ li’i S I S I s  In ,  ,‘lt ’I,Illn’lIS It St ln ’ l lh n b bi t’ kt ’~’t III 11111151 t it ,~t lilt’
, l l i tn ’ l i l t l 1i( * n n i l l l  l h ’ l l t h i lml t iI i’,ls ’ll t , l n t n ’ l n ,lIi i~n’ S , l i iu ’ ni t l l l n ’ l l ’ ’ l l n ’ h , l s i t I I ’ ’ l’ ,I m , l l l l t ’ t t ’ ls  i l l ,’ ,‘~t 1 n ,’ l l l l l5 ’ l l In ’ l 1111151

l i s t ’ Ins ’ .iiu ~1t In ’ Sl b h i i t n ’ lI, ’ n’ ,hs  liii I l l , I l l l I , I I i t l l t C t ’ u i I l I i i I I l l l l l ’ ‘in 1 , 1 1 1 , ’’ 50 111.11 ln ’l.l l l S u ’ s ’ ’t ~ ’ Iii ’ il, ’ II sli t Is ’ I , ’ I l s ,’ s .mi t n l
sI llS n’ l’ im ll i ui n’P t l In ’ S l I t ’ lIl ,Itli t , l l l l n ’ sl h i l l s , Ib m ’  ‘ n ’ l I , ’ l , t i  t O l l ,  i l l s ln ’Ii Si ,l5 ml t . t i Iltn ’ n ’ 5151110 ’  •h i~~ ’ l’ItuiO’ u ’l’llln’S .111th

i i ’ t ’ ln Iln ’n ’nh It uil I’,’ I I I , ’, In _ ti ii Ilit’ t ’ t ’ l l l lt ’ , t l n ’ I Is , l ln ’ l i t . lnt n ’ is t i tt ,lII s ’ ll t l n ill Ii’ lilt ’ ,m h’ n ’Sn ’ n , h i l s inh, ’ I ,lllt ’lls
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lIme skVt’lu u lu umme tm t si t t hlhi, ‘,n’IISs al t ’ It,ts ittimsl s’ II t’ossthls’ In ’ 1155 ’ t Ile -‘SSI’ I 55 . 11 t in h i t s ‘sIO’.ll~’ StlIl 1i Is ’I ‘ss ’.ll

gsniIIIs ’t lhs ’s Ilsuss’es’s’t , lun’tu umt ’ sI b It h l hs ’i ,t ’,II s’sbim t lg tIl’dt IunII us’ss’.u u c t i V. .l’~ Iu t ’gl l ul . .1 lls ’CnI . l l n n s s ’ lint ‘a st t t t s u e i t t

I ~ pe oh Ss’.l I sIlllihh.l t It’ll h u e  - ‘Snhi .11 Is ’s’ ,i 55 s It ’ l l  Is I 11% ISis t l t tns’g~tti I lus’ sIt’’, t’( t t  pills’ I II nit .111 asl S’aIls’s’ ni S n St’ .It lit

_ttlils’ l~> ~tt ,ttmsl tstuitt t th Is ’ ssillii .115 ’ sht ’St ’III’s’tl I l l  tItis It ’m nn i b l to lis’ I l los t  Ix’uts ’ t $ t i , ll Inn tlit’ ‘b l u s h ’, tnt  til t ’

.ithi , h b l s s ’ si Ss ’ .lt sill tlts ’ ‘SSI’ I lilt ’ hlil i n h s ’I lIs ’li t, u t ht n ll s it Ilt is ssn l 1st . 115 ’ .tiu sh t i l t ’ slllt ’ns ’si l it ’Il I %tl l b ihl , I t hn l lb til thIs
.lnbS .lllt ’ s’nb %i’,lI Ii, t its ’ sll h h ts ’s’I nit  ,St’~’Iuinii I I I  s tI th is l s ’h i n i ll

III. ‘St I t ) i ,N I t INt 11.1 K ‘ Shi l lS SI~II I ‘ SI IllS tIN -‘SSI I

II~mekgru~tutttI

Iii let’s’ iii S C .115 isiitt(il,It u nIt ‘ist hisS ‘its ’llI ’i 11,1St ’ lit’ ~~ OIls ’ .15 ,iml.thls’ .tm ts t SIlt s s’’~nl Ill is ihSs’sl t i n t s’ III Inn us ’ s’ t Ilt’
lslbls ’~ I bt s ’tIs ’ SIhiltIhhi aSall.lh uln ’ l inn l l l  110111,01 55 s l s ’ I l l s  II Is tl i sn ug h i t 111.11 I I I  . t s l s l t i t n nuu Iii .1 li,’Ililnils l l l I , i  Inlls ’ IIls ’ss’

‘t l l b i sS S is ’lI lS 1l , ii Is Is’ .111 s ’ I l I t s  hllult ’ b t h ,‘t Ills ’ s, ’hl ’ i s’ ,O l~lh i s ’sl Ils ’ ’sI ’s l’s , lsh t h lb l t ~ bI ls ’hI 5 1 5 5 1 1  uh b lhs l i ls ’ s’ lilllhils ’t l is .b l I s nl

s’ lIs’s hit Ilts~ ts nt .i I s Lit ’ .it’,~’ls ’ s’ .it s ’ thss ’ ins’ ‘itIlisS st s ’ ’Il’i 11,1St’ hu,,’~ OllIt’ Isimsuis It Is Ills ’ S n  xs’.it , ‘ suit , .smtst ss’.st i5It .iLeu
sIll’s’ , s ts ’IIIS ill 111115 ’ ~~ ‘In , Ills’ ‘Sli h ills ,’ .ui’, .u uth s ’sI .1 t nlI I l . Is ’I Iii t Im ’  S l l tes ’l ( ‘snl l l (i’aliS 1 111k I1 ti lsls’Il in ’ 511.10

I ht s ’sC thu us ’S’ ts ’s ’Illisnltugls ’% t s ’ I_ ’s ’ IiIs’l Ill tn t nulls ’ ‘, lsk. lCs ’ s ’alls’sh Ibis ’ .‘S~hi all s ’s’SI I tiSi ( ‘ins t ( • - s ’illllt~ 5’, SIs’llI

‘SI ( ‘( t ( .5 ) us- It ils’ 51111511 t,iuis’sith ’si 5 sIt’ isigml t u g  I 5n (iti ~
t Is ’ s ’.’ ( Its’ ps l t s’sl l l .111 s’s n u t s’.ls’ l~ ‘nilbus ’ , St s’lil .11 .1 I 5’thSl~’5’tl

s s ’’ii Ss t t l i i  .11’ .’ 511 lit ’ ,ill.hl,’tils ’ s l It ’ In ’ lit’ l s~5l s~S5s~5b :111th lhiisl als ’th 55iIs ’ls’ t’ t ’ Ss lh h ls ’ lii IIhhsulil l : l IIti ll  nhs ’is’li’iit’sI
‘ i lI l ts’ sls ’ IiSs’l\ • ‘I lIlt’ 11151 5s’uis ’u,IIInIII S n  Ss ’,l l, Sn 511 1 1 , ,iuu sl shlaks ’l s lli’s ’ ,sts’ III ’ i h i ts ’ \I (05 .5  is in ’ lit’ lbisl,t hls ’tI
.ls 1~.li I s ’ I  Ills’ ‘Si h i R I ‘S~ts ,iIIst’sI 55 ste umis L) ts ’uxi nuit Suumtu lsit lu ll at ist II .11111115’ ‘Ss(i .llls’ t’sl Rs’ ’ns’ .11 s’li S’1 ‘ii s’Iti
( S t  \RSh si ’ I It i ibs’\ 111th l lSs ’sl ht u i s ’nuib l l l l i ls ’si Is ’ss ’,l l s ’ll ilItt i  S . s ’Ililll_’ lIIut h iV  -

“SI (1)1.5 Ss’~tt I’lhIl  iitiil hh~tt ’k n’s (‘ umI m i huslmmn ’nts

Ih us ’ - ‘SI l O In S  (I I C I l l s ’ 2) s’ I l l t ’ ls nS 5 IS Ss ’ , l t  \llil,lS’i*’IIlhil\ lt t ’ l l lS (.11 .1 hu~ sllalllic;hIh\ ,lt ’ h t l ,lls ’sl 55 .11 m ’ ,lI l

I ls I l i n l I l  %ihh i ,Isiss’ l I tb th S , (h u h .1 lt~ sIl.liliIs’.III\ sihi et ; tb esl  1.11’ hu s’lt , (i ’)  it~ sbl. uihIl ~’.uIh\ .t5-tiu. tt es l h,Is’k ls ’SI s I ls t l l , ’lI
‘isst’.t’i’i~’ 115(515 , ( n I ’ S  )‘Iis’ ‘.1555,11 It ’ Iii ISllIs’’,s s t ’(l )“ i s’SsIll 5’ .mlit ( .11 5’,l sit sill I (:15 1 u s ’S It ’ s’S ls ’ u ~is uIht st .11 I’ b1 .111th
b ’ a 5 k l s ’’il s’it’,It i t tt i , ( s ’) In’I.hI ‘it’,lI ll,lllls’ h u i u t t s ’t 51115 511 hu~ .1 SL ’ t ’ .II,lts ’ hi~~.lI.l5hlIt ’ .1510,001 , (I) .1 hhils ’lllll:tt Is’.iIiS
.ut ’ t i u ’ a is ’ s b & 5 1 111, .Ilts l ( e l  .1 m ’ ,lssl s s ’ s I u n i iu b t h s ’i II.lllls ’ss

ill Ills ’ s ’ ,lsn ’ nil j ’ n’’iI ( IS , ’ & ‘ ‘i n ’l his ’,lt h’,5 .itt h is ( Fl ’ )  it ’ll 15,11 ,ls ’ s ’ s ’ i s ’I It ts ’ l l’ i  tIll,’ Ill II ltts ’%i. l’n hathtls ’u 55 Ill s l s ’ Il,lts ’
Ilus ’i s ’hu~ l l l s l s ’.ISII IS ’ th i s ’ i ’ I t ’s s l l l s ’ ,‘II Ills’ Iillilui s’k’n , .Illtb 1i,lIlls’lll.hli\ I l l s ’ t ’ is- It i,t l b l lius ’ts , ’iltls ” i l’~ nnms s’i l l I C  thi s ’
sIlti 1s ’t’ b nu l l t t i  t i l t ’ 1l1i11s’l I’i.liIs ’ I ni l  l I s t _ h IS 5 ’ ( .s  t ’ u lti n, Ii5 .uutl ,Is ’ s s ’ h s ’l.l ll,’lI’i t his ~ Iii lIIIls ’’iS hl.lsis ls ’ m l I s t  ii III
tiil’l.ttn’sI In) llis’ Iluillmlui ,ll IS . ‘il.ils’ , .ti isl lht s ’it Ills’ thl’I’s’l Iihj Ibs’ Si lii hi s’ Il.ulist .IIs’sb iup Ss ’ i t t s ’a lls Is’ s’llll,iIIs’s’ Ills ’
l’t , lshs it ’l s s  n ’Ilss ’t s’IIs’ .lllnl :uI mn ’ u I lls ’ I s ’i.Il l S s ’ s ’5 s’ liniSlIlti ll lilt ’ usi h l .111th l,lls ’l.li t I l t ’s 5’, III In s’ sllIIlI ,ihlS s’llIl.llIs’l,’sI
it s ss ’ is ’,’ l I is ’ lul t h. l Ih , iil .11151 nls ’t l , I ( ls n ut s I  Ills ’ sl i t s ’ Its shsls ’ s s ~his

It Slisilhhub hi s ’ l I n ils ’ s! 111.11 Ills~ uil t s ’l,ls ’ bls i l l  n il this ’ t ItIaI-t ’ t’IIt’sI h ’illlllln ’sS huh’as h s h s ’ 1 5’, it ll fits’ t .ll ’ i s’si S tlIt , 15 s’s

in’ n ’ ,lls ’sI tiutllu mi ,ius l n ’l l Ills’ il 1i1ns’I t’t. l l l s ’ ‘it ’ I  S i ’ s Isi s ’ .hils* ’ t l t s ’%n’ mI ll 1,1, s’s I,’ t ’s t l I I,15 ’ t Ills’ lls’s ht s it Ilit’ Ss ’,Ils ’si
slll u t s’t’ Is Ihuigl m Ill i l Iu ls ’II i l ls ’ ‘i ,l lll s ’ ill,IlIlls’l thIs b jms t Cs’llt ’I.i t is’it S • 5s ’ .lt ,isiist’ tlitghi t’,iIll,’i’s ‘S l’igumt’ I) s’st l ll.l * I
Ilts~ Ilmiglu ils’il i ,lis ’.l \~ t • ‘ l n t l I I t ’ in ’ th Is ’ .lls’.I n~ i s’i’Il I.ls t 115 t s n t l l s ’sIS , l l l lsis ’l lll~’ Is ’.ISs ’ sh 1, 1,1.1*15 ills’ III lllIlt’’i’i 5’5’hk
t ’ l n ’~’ It ’ ’ i s l5s’ I% sln ’tI.i ls ’ l I l shlls ’lllI~’ .111 lI t s ’Is ’,lst ’ I l l  i lls ’ hu t i i t i i s’k’,, ’si’.mt .lIs ’ ,l u ’I ,‘,n ui I.ln,’h - Ills ’ 11151 s’s’llt ’ I , t ths u l l  S , xs’.lI
s 1 , 5 .lls ’th Ils (Ililfil l’.hl ls ’i’i llllnls’l hilt s’ s s , I l s h l ll,nl ls Slhilll,ill\ lou 101115’ , l I s t s  5,’,It at’s’s’ls’I , l b tt u ll sO is ull m i u.~Im I 0110’
nIniS’, I I , Ills ’ It’ll I’ll l l i t t t ’’t~ hih,1nisis ’i Is tuliiI’ ls ’SSIS 5 1 5  s bn ’I’i,lis’sI s ’ ,l1lSlIIs~ III,,’ l* ’.lss ’ si lu l l  Is n t ’ks Ss’.Ii .lts ’.l nil s ’ n ’ i t i , l s  I t ill
Ills’ Is’t I \Isls ’ nil ibis ’ ss’.it I l ls h s ’l 5111111.0 s’t itlsll t lniuls thus ’ blun t 5s’lis ’ I ,hbl inI l  S ‘ s, ’,lt s’ls’S: ht ’ .’tl Ils It’ll t httgh i h’ ,I l l s ’l
Ills’ IIllIllln’’is s’s’hl .i 1n 1utu i .lt ’bl .thui it’aut ’tI ~~~ It II t ’ nuilIs I s is ’Isl h ’ ahmh ~ s h l • ’IIg l ’ls ’ssills ’ ,ltlil :llt’J it t s’ s ubll.It ’I st Ililhill
,lltil .l h s n n n lls h ’h .ls s’sI ‘ i t u s n i ug h n n iit ’litl.hl hn u i h’buiilslIlig .1 iis’hI i i t t s’5l ,t ls ’nl , s ’iu l t t t l l l hn i i t% sthl i til I l  I i lut ut lg h l n uuh l tilu’
h i mh t t n t cks ,ll s ’.i

Ills’ b’ .lt ’t ’n l s ’’il s ’llsilluill ihb l lSl t , I Is ’sl lit I lCil is’ .~ ii’tIl s’itl1ultii . luke Ills’ 55 ,11 11,111 , Ills’ ilbut u t’l 15 15 551 l’LtIIt’
t ’u n u l s , .i n b illst s Ils l ’b .IS Ili s~ b’ .I’tI, t ’ .tlt alilhlt S nil ll lt t% ’ luug lIt tIlls’s’ sls ’gI s’u’s s ’ t  t b s ’n’shn ult t ( . t) t h u . ‘.5 111~~11 s ’ .lIlst’s I Its ’
l’,is -k ui ’sh t t ’ s l u t ~t lm lit It s’ I li I,lls ’sI ,lIt uillI III .i\ IS silt It’ll s~\ Is’IIsIS lSIIs ’I:lliS .Is ’mn ’ isS at ts l Il l Ills ’ h Iatt5 ’ n it  Ills ’ It ,is ’ itls’SI
* Il5llIt’l1 - ( IS) l i l t ,  ui lt ts ’li * ,Illss ’S t h 5 ’ I’.in’1’, l s ’ S t  s IlsIlluull i n ’ lis’ initals ’sl :thu u u iut .111 .15.15 III Ills ’ i’ l,Iuls ’ su b Ills’ h’ .it’kus ’st
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s’shShll null :11151 hts’li)ClIsIIs ’ilh :li 1st Ills’ t i p  ,h\ IS , aul t l  (s’) SIIICt ’, 55’iIIs ’hl .11155 ’s Iltu.’ lt’as’kis ’~t s’ l l%l t I t lb l  I n’ tu .i iu siau t ’ ill .1

sIIls’s’ t l numm u ls uu it la l Ini this ’ ulsuith il l: i l  has ’ k m cs t ,,IISI I I,tIh SIll l:Is’s ’ t ut it’ I l I’aljn il i .

lit ks’epiite 55111 1 Ill s~ li~’lt~’I lilat :llt ’ l - t n l’t’nill t ’ as’l Slu i l l Ihi l  aIC S’s’I\ ‘nIi’ l l l l l t ’~lltI III Ills’ intst ’c i i’las’k ls ’sl s h t t i  1111, ’

\ - :I\ lS :is’s’s’it’ i ; t lms n mms .111th aIC Imk~’h~ In’ Ils ’t , ’ t l l s’ llt nilt,’ l I i II)t i l i ’a llu Is ss ’’a I It’s’ilils’ Iiis’ IS ’,lSS ’S Iii 1III’,l l- (  • , I i Is ’ I.Ili ‘a tu il
Ills’ ht .is’k us’~I IS IllasIt ’ 111(111,’ l’.’ si’ l’Il ’ l S s ’ Iii ‘ :1515 lt ’n,’s’ls ’ I.Ihlti l l , :t i’ash j :u l t hi~ss ’ s’Is’ I I ts ’llI 11:1% htCs ’ll liis’’als’si Ill s’:ls’hI

n ’t t lm s’ lt)SS ’.’I t i l l  1 1 t h ,  s l i  Ills’ lu .I5’k n,’ lIsIIIn ull tli)lis’I 1ui’alls’ , II IS ts ’It t h aI I t t  lit ’ n,’ls’uils ’ I t l% ‘a l t’ t t s ’s’slt’sl lts ’ ms ’ iii
pIn lilsiS ’ liii’ sls’s~ls ’’.’ •‘I ,IIc ’ .I ,’ l s’,’t l l.ls’l t’iI~IlIit ’ Iniilllsi lts’utt ’t is ’ u’ a l I I I  t mmsu ‘ s ’ I lS ’I : I ih , l l I  ( ‘ - ‘ n e l l  hi:Is’kls’sI ,,‘n i l l I n ’ I l l t l l t ’ -

l’hIC lt,l,’l’.Is ’’,I n,’l lShllsilI is tl i . i iss• s’ l t libI,i\ .1 l l l I h l l t s ’~ s l) l. lt lst’ .’I , ll~ ’sSs ’ is ’ b .  It iSlil s’uil l l’al l l  11111’~ ‘a ‘nillt~ls’ s’t’hi .1~’
,

~~~~~~~~ is ’ I l ls ’ ulhlah ,,‘t’li s’lIl t l lsI\ s’sl I l l  t l t s ’ 5s’,l t ‘.‘Il~ lIIniIl, Ills’ hb .ls’k ls’S b t I I I I u i I s ’Si, hl’asid~ i is- ill ,‘s~’i km~ t ime tlppcm
pLIll s’ .111th l~ ’ llss’t,h In’ et’u lC l:tis ’ pts ’’ imllis ’ ‘., hII , l l l , n l l  S t I i I l h I h j  Ill Il ls ’ is’iZIOII nh Ills’ s ’ s’ i i i s’I nil b i ts ’ li:l5’k I’ime
,‘I’t’ I,it l ,n I I nil I l ls ’ h:ls’L Is’SI t l l l im l l t ’ss cs’hi s si lh lie 511 1111:11 III 111:11 Ill il ls ’ 5 5 1 1 p’ait t i l l i i i ls ’SS s’s’l ls thl lsIt ’i
t i l l  IlsIlIl5~ s’n ’ I lsII t I n l I lS . this ’ s s i l SS hl t shl ,’t latl,’ Sn’ IS Is ) 

~ s’ l h l t I I lit’.’ pilIll s h’a5’k lii ii,,’ Stt} ) psiu (Csl till Ills~ 111 ,151
ht :ls’ L h s ’Sl t ipper pha mut’

Ns’t’nI .iuus h ()hjecti s ’es fo r ,‘SL(’O( ;s (‘nt tm tiu~uir,ttiit,i Situmui lat hot

‘S ilthiiihs’I s)t ’ :Ilh~ht n,:ls’IIt’S I,’ lilt’ proltiCIl l nil puni & udi i t g :111 - ‘S I (05.5 il ’as s’ hcs’ut cstiislsls ’ l s’sl, ~mI’ait~
,l~5j’I• l ls ’llt ’s s Ill its’ tt ’ js’t,’Is’si s~ I It ,si ll:lilsi ZIS ntvs ’lStllt l hl t tl u ,’atIsl lI% nil S _ l i s t S  hu:ui :uusls , I Ios5 s”u’ t’m , Iitt’lt’ ‘alt’ :11101
111,111% s • ’ I l s ’ s ’i’ ts  s’t ) t ui lt ’allh t ie 551111 lime lS’ pc l’I imt t’C!I.lltt / :ltin )ii &is ’sti e d :liisl Im nt~silt l~ \ S , l t  Il lS ill (lt’Vt ’inil)ills’ul l

-

‘ 
s’SCIl It t Iit~S a le st ut is pau’tia l cshi l l l ’ l I) IhtSl lS Is’  ilts’ s 15s ’l ”all G’s’ t t l 1 t ~ S S S tel l t ,

1lls
~ 

St’Lt’s’ t ls) I i  ~ It 1s’s’S5 \s :11, tli ilIs’llhI I I I  that s’at’ll slI  Ills’ Colms ’t’I)ls 11:15 lus’l’il ‘alI sh 5011)1,’ a lt ’ 11(11 Ils’s ’ s’ss:I i i ls
l I I h l t hl .hii\ ,‘‘,t’ l l l S t % n ,’ S i t I l l  Is ’SI’ s’s’l 151 , i t l m cr s , lut snuimlt’ s’ :ISt’S , t,’n u i t t t ’ I lsjj I l5~ s’t l i h igh l ra l i o l ms  shnuss’ I u lIi s ’ diI ’i’s’u ’cult’s’ ill
tul l1,’Im I t’ai

- ‘Sll l ls ) U~ Il s’s ,IlLI:lilsiit ,‘I s’\1s t Iil~ 
( ;-sc ’ats IS bY Ils i Iltt’:IlIS s’niliu h) lCls’. CX 1~Clit’il Ct’ ieV s ’:IIS 111:11 ( -s”.uls

p rs sislc ~ It S’s 1)5 111011511 (lug.

- ‘ S s ij t ’Iert’u itj al  p:ills’rll oh ’ prcsslm res nun time bt l t l s ucks,  Illig its , and bas k coi iesp nnmn,ling ho 111111 m g t l t s ’
‘is~’a I pan ‘aitsl scat back ,

.~. -\ S .ImI ’a lIi)It Iii tile :hllln)IIIth sul zu is ’’a itt Ills’ bulblos ’ks p mtu vi s i i i tg SIll)1) t)l’I sit ’ t h e  cmt ’ss ’iit ’at l’s ss’ t’iglil.
h i l l s  5 ,lli.lllitll l.IiICt’S lrn~i t t  s’s )uus ’e ll t l ”at l Ili ~ tIme s’ l n ,’SS’Ili ’alt S s’n,,’iglit OIl Ill s 155111:11 tlhb ein)SiItt ’s, or si it t iusii ig im is

ss- i.’igh I ,‘ss ’i Ills’ elitirt’ h u t hts ks,

Pei5 ’s’ t ss ’d tug i m h ites s of Ills ’ seal luchi,

Iii e pri~ 1)055’ sI ‘SI (‘5 )( ;s ds’sit ’mm I Itco in,’ I uc al iv p
~ 

OVI sICS ‘all ti lt’SC cues/sl,’IIs’a I 0)115, is appi is’ah is’ to Su,’’.l is nu t ’
S ,liIIShl S ,Ills ’ r ’Jt t  Sbll l i l I :I tni lS, is t’ht’iZ:ibtI il l  i ts sii implicilv. ‘ansi uvill pu’ovisk loss’ lilt’ s’S sit’ ,,‘ststS,

ThlIIs , It 55’ ’aS slCC lsIs’sI llt :t t atm :11 Is’imtpt 10 simit t i la t e t he colt l1s~t l l ’a t  15)11 :11151 opt’ralion nil ’ tilt’ AL,(’(X S
tlmroughm 111s)s lj tj s,’’at iot l  oh lime .‘SSit h’ 1.’se ’a t 5S’OilIsI be ‘aitpfi)pI’j ’aIe , ii 55 :15 expt’~ tt’&l h itat h it ’ si i imulati si mm Wstulh sh
prstvtdt’ :1 previesv Ilm Ist svhta t C,Iil be t’spcc ted l’rnt lm u lilt’ ALCO(;s. ss~ th at s’iIIlCl’ t ime pI’st 1tttst’d Al COGS
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hs’sel bmt b ’ t lb% ii s’b t ’ 5 .11 Is’sI ti m tIlt’ 5. , 5 , aIls1 / .15.5’ ’. .11 11151 5 5 1 1 .11 ‘aI s’l~ ills1 Ills’it lIt s’siull lulttlll IsnItS nu b t l I lk tts nss II

Im magl mmlslsl s ’ It’ t I t 5’ ,nulluls’~’Is I’ lms ’ sl u l s ’s’t 15 1 115 , s s,’ l ls .l i h i l l s  , .Illsl Iul.lglllt Skis’s t n t  .ls ’ ,, s’Is ’l.ll It t l I S  Ss ’s ’ I l is ’ sl s’ ni l I s’s’I Ills’
leshi lts illthuIietl IbtaI .ts a ls’Sull s’ l t~.lIlbIg sInuSill t its~ (1)”.4 ) I  I OW ~ Is’s5Illt ’’s Ii’ 1 ,‘ “ l’s .11 I(i , Ills’ ut ’hJllt i ll%hlli i

bet is cu.’tl setm ss’sl luultlss 5’k l’l s’ssIi Is’s attd ult igh m s’s’II s’ St ’ i l l i stt ’ l l s ’ t i l i lIl t lIIl sIi s iS .Is .il’h’bni SlIt ilIls’IS .1 st i ,llglli htmis ’
ist t lt slsi1us’ nil ’ I (l b I , ‘S 0 . .i l l t ts ’,tl hu.’h ,It Is’btsIulI’). h i l ls  in ,’suill Illi’s’ s,’ tull l l m l t t l ’sI lu ln,’illlltbllll\ ls ’~ t lIl1’, .II

S.~
’ ll ~itl ’l~tIbs ’b5siIl -‘Sl it , ( 111

I~’~t~ Sid e t Itet ~ uc lue ’at s.sI ss it ht ss’.tI .iltsl Iu.lt’ k l s ’st lillIlts’s .it ’ t l S s ’ 551111 s’sh ullulh\ ~uis’n’u.’ss b uih tn ,’SiIIIS,

I isis’, t i  s’u , .1 lt i.is t.ls’ tn l l  55 ,lS .lsIslt’SI ls~ bas k Is ’ St b t l l  t l l t s’ins s’ s’hI 01i5’ 1,11 is it I Is ’ m iS’, s’ m I its ’ It 51 1 :1 iglm I ‘‘aIlsl ‘Is’s el
luas’k u s’sl ‘i 5’ss t l ls ’ I l s u lm t  I , ‘“ b’sl ( Is ’ ,t luhulsi\lill.tt eli h ,‘ “ I hil ls Iuias lmtg 5s’t’llls’sI I si I l l I l t l I t l l / s’ sib t’ht ulit l m l uhs ’ II

h u un hu lelmt nil t.’s’lmhi ls’t llm g intlIllull (s’nu lm tni ul u lli g sin b’~~’’s~~~b s ’) s’ .llIst ’sI It’, Ills’ s i i s ’ lp l t ’%%i I Ih / , i t l null it sS .ls Iluis ’ u
nlliss ’t ’S s I t ’sI l) u,if Ills’ bl,I5 tlls’tlil ii’nt lbls i .lisn ’ t ls ’s’l s’ast’ this ’ I ‘alllZi’ n’ l Ills’ Ill 111115 ’’,’. si ’II t i ’sIu n illsI’s , lu ll h I  ilu u s s ’ .lSt ’

It ii .lin lin nI Is i ‘a s uglm Ib is ,’ .1111 sls’gi s’s’.

I)rius’ tthiioMqitt% Researt’tt

I ~I 1I mug I Its’ test mu , ,l sh Iest h ilt It ad .11 iss’l I IS I nu t hte 1)1 sil’I it ’ Is nil Ibis ’ li.is’ k It’S I m Its ui 5’ Il ls’ it t It t  It ’ s b’~ 
‘lIst It’

lIs’cs’lt’i 1llms itm s ‘along tIme S .1515 (5111115’ t hu lit ’ plttltussu lt lty .is ust’si Itt I Its’ h I  sI gs’ltu.’t at ln’lt S - St’lll ulltsls ’l t Itt lIs t ll l~
5’~itt~I 111011% , lu .1 s k i s ’ sI I’ lit’ Is t h u  .11 sI altsuuil .i Ia Is’ ua h liuo’ is tuslt Isillt’sI sh ug hmt Is IthuniS t’ hi ts ’ I si1u nut ’ I Its’ basi~ I s’%l I Ill

Ii ’’, lit ‘lOs ’, a ‘set s i I blIsel mItt’ slit ,t ‘S1i p5’11 sh~ II) 55 .1” I likt’Il is’mt It hits ’ bask I t’St plaIts’ tIllS’ t’ 11111111 s’I s’sI - l ime sI aI.I
s ’ l~ IlsIs I ed s ‘I t~%l 11111111 itg 5. - . t \ Is lts’s,’eIs’l ,tt 15 th 1l1 .lglm It tisIs ’S 111151 t ills’s’ 1 101111 SS Its’~t 11115111 bs .ill s’ S Itt’l ii ils’tt Is’ I ‘S
IC Ik’.ht n il t Im e Is’%t it sun .0 Ittisl e ss tt It bits ’ lt1t s’k I s’St plaIts ’ ~I ilS s’ Is’ S’Ci St’sI ails1 111111)11 his’si %ils ’Ii 111111 , IlISi It I Im I lIst III t~,

t lts ’ ti1u1ut’ m 1u’ar I nil I Its’ hu .i~’ k I s’tsI I t i Is’s1 .11 1 I’his’ sl,iI .1 ( Ap~is’ll ntis II) s’suI l Ii lIt’ s’sI hIts ’ ‘ulli ms Il l sit Ills’ l’illSt’I I It t ’

tnuiigllllih) s I l ISs ’

( 511mg lIme hasel ttte sI Ilis ’ iS’ II hi m s’spt’s’ I tnu Ii.is,’ kI s’Sl plaIts’ slit Ccl 1st uu:tI lttsui’ s’ l t ls ’lt t , st,i t.t (CS 11111:111 nu ll S n il

ttIIt~s~ I m itt .uutsl I. Itta gt m mt tit le) is s’ i s ’ 1.1 ks’lm mmm b,lSs’II Itt’ .tlltphi lusts’ (ga llm 110th sltutmb Is’ I lis’ b1iss’h t lts’ g.mt II  5”,i itsil I Isi 10

~ 
,“S~u1ueuu sIis II) -‘Sg.lIil .1 let t ln m In ’ It te b lt selbut s’ ii .llll s’s’l Itigt I IImlis ’ll si .Is 111115k ’ l’ .lss ’tt ul1in itt iiilhihs ’s’llIs’

t’tiltt lht t’l l t ’ ,

Ihn~,ttk’ Fsa)tmat ioit~
‘S I ~ 111111 Il ls ’ sl~’mtist lIst I at unitt Ii lglt I ii .o I s’s’sul slt’sI In’ s’suill hilt It ’ I Its’ lit itt gs’Il  s’ I It I lu ll :‘SSht I’ I, Se .11 (5’nu s’ kpmt

it) bit I Its’ lI ls is li t’is’sl ss’,l s’uit’k 1u~ ‘S) Ills’ sleut ls u IligItI 5’ SC ls,’ lSs ’ sI I it e lIllt ’ l .11 1 .11 it igim Si .111th Is ’ 1.11 lsuml,ih 1.11 s’s ill
.ilI .1 \s ’ ’ .  , iits’Iusltitg h 111k itIg. thu umst 11mg, u null t mg , s ass- I 11g. I Is’ C.l II’ s’ ‘alIt( It tgh m IS; I ll.mlts ’u is’ is - Ills’ she Ills ’ ii .I~
is’ p1 ‘as esl In’ I Si lls Is’” Il is’ s’i .tl 11111 lnil l 55 lIlt SulbIt’C t s hi 1st s’S b’~’~ 

It’ll sI1 l  C thus ’ Ii 151 gt’Ilt’ 1111 ISi lt ,,‘SSit I’ ‘I S ins’.It , Ilts ’ll
bits’ llmntslllis’(I Al  (‘tx ;s ‘sn’.lI i-ni t ilsIlItI Stlltltl.Il Ist lu 55 ‘as plos’Isls’sl buit l~I:II l

’nul l I t  lIm it ts ilt ii ,1S nil1 51111 IItn~ lltt ’Ss’
s’’. il 11.111 nulls hits ’ sll b it’ s’null higu ta b m ills 5% Cut ’ tus it lnis’Ilt 15 111 l’sil ‘S 1( 5)5 ;s almnl -‘S SI’ I t ’nt m 155 5i I s’ .ISs ’ 11%

I h i s ’ -‘SI (‘(it •S llms islthit ’sI ~.s’ .11 s’utm I l Inus s’sl lt uil s’ s’hn us’tl 5 .1’s .1 sil Ii’s’ it’ll Is ’s’ , lilt’ ,‘SSln I’ st’,ll 1155’S usu h i

.mt’s’e Is’ 1,111 sil t

‘~ h’hme s’nt lll Pill Cl sls’ttto s’ui n ligumu Ill toit ses’tmte sI to  he ~i55 ’ 155 III I li~ .1 1 .151% Colt II st l P.11 .tllls ’t 5’ I Ill I s’s’1 I lt~

(I lt b llIlI t I / tttg hits ’ l’s’ .11 p1111 ;tI,mlt t’ I es itnituss’ Isi / ,Is’t’s’Is’t .11 IniltS silt I Its’ mttni sl m bis’sl s u ’ .11 hit IS ii .15 .1 l’s’ I llt,tit s’tl I

s’hangt’ 10 (itt’ suit 155 .11 5’ :0151 It 55 11% tlstt lIl s ishI t’ied h um tilt ’ nlt’llli i - Suultl ’s’ III s’ s’s ‘111 1 1 .111S* 1 11S ii n’i C I S’s ’t Il u i ’s1 .1 llnl

t’si ltt ltms’I1 Is t dat s’sI 10 I he 111)5)5’s’ s’st tth t~ tI I 1I i siltS 555’ It’ Sil it tlt ta t I/s’s1
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Kesults and Recommendat ions

h aving exper ienced time tnax imtsumtm acceleratiuius to which the AL(’OCS seal sitmuulation is sealed ,
subjects art’ able to repent 1-Icvet direction acs’urately ttearty lO(Y ’ - of the tune. U-level Imuagnitudes with the
n1tidili~d seat aie est itm uated quite well eveii imt tnullicsttuspotment acce lerattsttt cotuditions.

Pressure sensatisiti on the AL(’OGS seat in localized areas is very strot lg and Ix’rhapS lost St rommg.
Csttuversely , aud I of cstntaet changes are stt hjectivdy ton) liutui Is’sl A t taste tl’t’ tuh’ thit’ increased pressure for aim -

itters-asesi area of cstillacl ct’uIus’ept was recsttm numetm ded. The first step itt thuis directiotm was a height reduction

cur eluntnatisutm of the passiss’ Iuherosity blocks such that only a ha l  platte reblmained. The next step was the
cotmsi der’atiott oh’ a contoured seal p:um. In the cisc’ of the backrest , t’ttns,itteratuotu was giVetm to 11 cOncave
platte with t his ’ cell Icr 1)1 t he cnuncavity located about Ohms’ sir two inches above the pilot ’s belt hine.

.Althsiuglm 1ltiI tIIualm tllm ousI y voiced , a nulmu her sufs ~hjet’ts fell that the passive raised ramp thigh Itatlels
did bust( provide the Ilmagmmitude cut’ cue desired and iti many ca’es could barely he fell at all. The thigh ramps

( Figure 5) used itt this stutlv rise 1st 3/4’inch height at the outboard edges and t lte tuherosity blocks were
I /4’imuch in height leaving only a 1 ~2’ins’h dih’ferentiah. The subjective l’cclitug is that tuherosily blocks tend
to hold the body tilt oft’ h ue seat patu tipper plaIts’ and thuis tikety lends to ditmtinislt time perception of the
presetuce cut’ the thigh ratuups. Flitttlnat istct of’ the tubcrtusitv blocks should. ths’refore. also help to diiflimlztlt’
t he thigh rauump prsthlettt. lhowevs’r , lhiith ratiups with siuthoard elevahiiu,m in the 1.25- to 1.5-inch regiotu
should he tested amid will Itrcubabb’ he required.

The active thigh pan els of the hlrsh geimerahitun C-seat are dt’lIrtilely perceived and. a.lthough th ere is
SOllue argulluent aittotug the subjects as ho whether this is a valid replication of the setmsatiotu in the actual
airctat ’l. there appt’ars to he agreetueitt that tIme thigh patuel activity aids in cuing ‘and perceplitutt oh’ aui’craf (
accderahion utmagnituide and direction. The single flight rated subject who experienced both the ASPi’ atud
nuoditied seat opined strs ut mgly for muntre outer Ihigh stimumuli than that provided by the modified seal ,

It appears to he ibntxurtant Itt insure that the tirtuness bladders position the subject (under IC straight
and level conditions) sucit that the ischial tuberttsit ies and spinal regions are in close proximity to the rigid
plu me tinder thme firmness bladder, If not , :t very s’onfusing cue occu rs duritig the ituutual phase of finluttess
bladder exhaust where skeletal structure settles to the plane . The presen t concept , although nstt fool’prttsut’.
calls for a subject weight bias to autsutnatically make this adjustlulenl from one subject to anttther,

Tttt’ differences between (‘ONOFIOW response in pressun~ation vs. exhaust cycles was detected by
most subjecls particuIarI~ in tlrtmmness bladder strive. The CONOFLOW perfsurtuesl ahtwe exps’ctatiolls Ill

linearly adjusting pressure itt a difficult reglon ( 0 — I psi). The ability to ex.haust tightly loaded are as

(upright backrest) was better than expectt’d. Nevertheless, these arc tittsatisfaetst my in tlnttness cell
utihizatiotu since exhaust to stmbatntospheric conditions is a necessity. - :

Only tulle of thte tss’ t air im m lel passages to each oh’ the seat pati lirtiuness bladder t’otllpar(ilmt’mItS were
ut ilized. Only twsu of the schesismied (‘our inlets were ust’d in the backrest bladder, At least suite subject nsited
kiwpass type response as air “crept iuulst” the bladders . It will probably he necessary Itt add IWO attthtistnal
inlets 1st cacti of the sea t pan cotiupartments at the forward portion oh’ t hus’ cotllpartlmuetut. All inlets must be
either tutanitokied into Ihe upper plane tunderlaymuuenh or routed through metal tubing affixed tst the
underside oh’ the upper plane.

There was titut etmough timute to pertt’nit evaluation of all configurations as initiall y planned (such ‘as
‘active tuberosity drives), but asiditiotsal research will be conducted at ler rite t’xist imtg data are sIllil y is’tl stud
research needs are established.

Coim oured Scat and Motion Consideration
ills ’ coitcept suf contoured seat pan and backrest forums was invesiiga ted sun the ASPT in January

l’)77 I)uring this session, three specific interests were evaluated:
1, Fvaiuation of the itmteracl ion helweemm the tlrmnttess bladder concept when employed itt the

presence cut’ an active mQti~ fl system.
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I V .  S( ’M M A K ~ ~~~I ) (‘ON( ’I t ShUNS

( ‘ss’aI coum tigum t .m h h i u m si mtm ui a tt n ’ m m out time ASI1I Im;is ms ’stu lls’sl ium tIlt’ t i t l ln iwimmg s’tiiim.’hmus m mim m s , j~ obst ’ m u s ’sI Its
ii~t’ tes t ’Jts ’ ime is/stu lthec ls-

1 1mm.’ A l (‘O( ’.S lmpplst aclm ts ’ imn ls 1st p u n ususk ’  a IllOut ’ uu m l t ’gu ats ’sl , s’s iuu i ummmm o uu s  ~t ’Ils .It ui1ll uih 1 %5~1II
s lmmm t ’ht lt e Ilmaiu slot’s t ime tIrst geimeta hinin . - -~SPl - t~ Pd seat. hits ’ mmts hm vi shu t ah i s m mu cut t lmu ’ s lu m s’ s olm m h c u l m s ’ l lhs mi t h ius ’
I mi s i  gs’t ms ’lahIoIu G ’st’~mt st’t’llls tnt ttc htetct ’Plibls’

2. l’lmt’ts’ appeat-s lii be s’ih hut ’t a nt’ mth m u m i u ( isl s Eh t- t ’ ( l imit unit mls ’g:uluve I m mm t t ’m .is’i sl i m bs’It~c’t’um h i s ’ ASh’ I
llmo t m nmll s slt’ mmt / s lm ivs’ ss’ im eum m t’ :mtm t l hI t s ’ hli m mmums ’ss bl:ms lnls ’ m s . ds’ps’utsl t ’m ml Ilpi ll w lmit ’ Im ,I\i~ IS iii l l uus ’ s tuniCm. I h i s
c s i t mt ’I umsi oum suippom Is ti me ut i l mu nil t i m is t’mmli ct’iil -

. l ime as - i l us -  th uig lu panels ‘it time I mus h !~t’ll5’l mI iu i mm seat alt’ shs ’tuum ihs ’Iv 1i5’ m s t ’ mt ’s I , ium s l ;miI lmn i mm ~ It t i l s ’ ln ’ is

S( ’m ult ’ a ug ummut ’m tt  a mmm o um g the suibjt ’t’ts as t im w lmt ’h ius ’m I lm m n  m~ a va lusi tepIis- .it uo n n i t  lIft’ tn ’ i m s i im i ’ i l  Ill lilt’ .i - tmma l
llim s’maII  . hlm e m s ’ appears Isi lie agu s’s’ m mt eml t  t l t ’ ah t Im e ti m ig i m l lalms ’l i s t u v u t ’ , mids mum t imm l l i ~ mmmi i ps’ ms ’s’Iium ,i ll cu t m u i s t u l l
as’s’t’Is’ iat iotm m u m mg,m i lmttk ’ aims l nlit s ’t’t iulu- hile pa ssmvt’ tlum ~’il wn’nI u ’~~ mu s s’ to  ~- -I mu lt Im I m s ’mg l m l ml h u t ’ o m i lh m t ausi
s’s l t’s .mu ms i slm ui m m ltl . htt’m lu m I ms . itt’ ump It’ twit ’s’ 111111 lmt ’Is~lt t  hi hit’ Illuilt ’ s’ lIs ’s’I i ns ’

‘4 . l’ui bt’un isj t~ lthum t ’ks up~tc’au h u m  be t’lk’s ’t ivt ’ t’vt’n m l p uss m uc ’ iI un~’ mn ’u - ml su .n h mm mmmt l  t h aI I -I mmm d m
Imuri m bls it ’ks us - e ms ’ host cXct’ssivt’ am m nl t lmat mli i !ilnis ’ks pms mvi s les l .m I mt -k i i  ss’Ims ,Itmolt . lumut u al ~h ( ‘(1(5 i mm l i s ’ u , , s mIs
tt lsit’I..s sluniui lnl Cuss ’ Iii 1 mtme s l iu iu m m Ca utgt ’. hlt’ilIalts I/ S’uilt ’ lm-

‘
~~. I lav iutg OmIt ’s’ s’X It ’ m u s ’ mms ’ett t Im e l l la \ i l l l l lm l l  as’s s’ls’ ua l m t ’ m m s  ho ss- lmi t ’lm thus ’ \ I (( i( .5 sn’.ii s i i i i im la l un It is
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.41’Pl:NDIX A: GENERAL DESCRIPTION OF THE ASPT C-SEAT

A general description of the ASPT C-seat and its drive philosophy is presented lucre . A more specific
discussion (Kron. 197 5) covers the entire C-seat development.

ASPI G-Seat Components
The existing 6-seat in the ASPT is coimuposed of the following basic elements (Figure I):
I. Seat /‘aim Cushion. A 16- by 16-inch seat is formed by a mosaic of sixteen square metal air

bellows.
2. Backrest. A 16 by 23-inch backrest is fornued by a tutosaic of nine rectangular metal air bellows.
3. Thigh (‘c’l(s, On top of the seat pan in upholstere d containers are two thigh panels, each composed

of three plastic air cells. The cells are fabricated in such a way that their excursion strikes an arc.
4. Lap Belt. The lap belt is driven in extension and contraction. The seat is also equipped with a

standar d shoulder harness. Although this device is not actively driven , there is some coupling of the lap belt
drive into the shoulder harness because the lap belt buckle also serves as a terminus for the shoulder straps ,

5. Upholster -v. The seal psi-u. backrest , and thigh cells are overlaid with a 0,5-inch-thick layer of
closed cell foam padding. The seat is upholstered in canvas duck with side panels of elasticized material to
permit cushion movement. Cushion zippers permit entry to the internal air cells.

A pneumatic control assembly provides individual pressure control of each one of the 31 drivable
cushion-elements as well as the tap belt , The air cells and lap belt respond to 6-seat software drive
commands with pressure changes which are continulous in nature . The lap belt actuator , the six thigh panel

3 air cells, nin e backre st air cells , and sixteen seat pan air cells are all treated as excursion devices. The
amount of excursion is contro lled by the pressure of air delivered to the device . The desired pressure
command is calculated by the C-seat software from flight model acceleration calculations (translational and
rotational) transferred from the aircraft center of gravity to the pilot station axis. A fundamental pr emi se in
formulating the C-seat software is the concept that seat position is directly proportional to aircraft
acce leration. In the normal IC state , the seat is maintained at a neutral point which is fornued when the air
cells and lap belt are near the mid-points of their respective excursion ranges. In general , the seat should
“fall away” from the areas of increased flesh pressure normally resulting from seat/subject acceleration , An
exception to this rule is the contouring concept wherein localized areas of the back and buttocks are
subjected to increased flesh pressure . The mosaic form of the seat permits the seat to fall away from general
areas of increased flesh pressure , yet wit hin that sante area , locally increase flesh pressure by altering the
shape of the G-seat.

ASP’!’ G-Seat Drive Philoso phies

The major software drive concepts are translation, plane orientation, and contouring, lit seat trans-
lation, the elevation of a complete set of cells , either (or both) the seat pan, or the backrest set , is caused to
trans late in unison a uniforun distance. in time case of tke seat pan , the translation abides by time activity of
the z-axis acceleration component. Positive (headward) acceleration produces decreased seat pan air cell
elevation and negative (footward) acceleration produces an increase in seat pan elevation (simulates being
lifted-out of the seat) , Time backrest cells are sensitive in a like nuanner ho x-axis accelerations ,

In seat plane orientation , the plane formed by a cottuplete set of cells , eit her or both the seat pan set
or backrest set, is caused to be reoriented. The key to the reorientation is the seat pan plane, which is
driven so that it approximates an orientation normal to the total acceleration vector , including the gravity
component. The plane of the backrest is driven in a complimentary manner.

Either or both the seat pan amid backrest may be caused to assume a contoured shape which produces
a flesh pressure redistribution thstuglmt to be couuupatible with body response to acceleration along any one
axis or combination of axes, The degree of contouring is governed by the magnitude of the acceleration
component along each of the seat axes.
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lime thigh palme l cell excursions respond to any or all of the lateral , longitudinal , and vertica l
accc lcrattom m collups)netlls, For exatmmp le , when the seat pan is caused to settle under headwards aircraft
acceleration conditions , time arc struck by time thigh panels is caused to increase , bringing m ore of time seat
into fleslm contact aimd crmlmai mci ng time feeling ol “settling into the seal.”

ASPT C-Seat Flexibility
The ASPT C-seat was designed to provide experimental flexibility as a general.purpose research

nmodcl. Eacim of time basic C-seat drive concepts contain control parafttete rs which may be easily altered by
the expennuenter. By way of example , t hese parameters provide the following latitude of control:

I. Permit each concept , on a per-axis basis , to be included or deleted front the overall drive schenue.
2, Permit the intensity of eaclu concept . on a per-axis basis to be varied.

3. Permit t he contouring schemes to be altered for acceleration along each axis,
4. Permit drive reversal within each concept on a per-axis basis. These and other control parameters

are tutaintained in software files for ready ret rieval , It is possible for the experimenter to alter the complete
structure of the 6-seat drive niodel in real-time without imposing long reinitiahization delays upon luis
subject. An extensive CR1 system allows the expe rimutenter to access , nuonitor , and control software status.
The CRT system possesses color capability and can present graphical displays, as well as alphanututeric data,
Keyboard entry units, as well as display units , are located in both cock pits and at t he advanced instructor
station console, normally considered the base for the experimenter,
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- l l ’~”l .- W) I X II: AI COCS (‘ONFIGLIRA lION SIMLIL,AT ION I)A’h’A

lime l’su llsmw itm g tests were Itertor immes l sin time tumodi hieth C-seat. ‘I’lme act ual data are given ts i t eat’lu ni l tilt’
test s.

Test ~l Al (‘tiCS Fjrtm mness (‘eli (‘ahihratis -mi m
‘lime suhiech ts seated mu time deflated (0,5 psi) seat pami tlrmnness cell w itimo ut tumt’mt ’tosi t hlsncks , i’lue l’us ’ss umre
at wh ich time subject perceives hem img hilled just sm l’l’ t ime seat is tlete rimm ines i atmd cahlesi tim e’ I ( St at e . A press uuue
nil 0~ ~ pSI ms t’afl&’si t ims’ um m a x iinuinm ( shalt’, Sta, h u g  a I eit ims’r sil’ t hese two ~imsI 1tnm in Is , time ’ it ressumie in tim e’
hladsle’r is cimangeth . TIme subject t lme im slates what percemutage sit ’ muu mm x (;~ lit is t’xpei ienciumg. ( IC = (

~ . t umax (
~

- l0t)~ )

Smmhj. No. Suhj . Wt , (‘stm md it j s um u Perceived I C Itm uess um rt’

175 lb. IC ‘Iii resimsuid Pressure i,~
) psi

2 185 lb. IC Threshold Pressure 1.8 psi
3 2 15 lb. 1 C ‘flu reshold Pressure I ,5) Itsi
4 178 lb. I (; Threslmoltl Pressure I .b ~tsj

Figure it I suimitmm arites time C estimatis mn data gatluered on 4 suibj ects .

I’,rtmuness (‘cli Pressure l)ata Suttuimiary

• Backrest j :h~ ulmns’ss Cell witim bias (Subj . I
l~~reslmniltl 0.8 Itsi
“Kuiec sir (‘urve ” 0.2 psi
Saturation 0.1 ~tsj

Seat Paim Imr im ut mes s Cell Pressuire C Relationsh ip

Riglmt Sisle te ll Sid e

Igr 1. 7 psi ig 1,75 ltsi
2g = 1.2 psi 2g = I 3 1tsi
3g 0.7 PSi 3g = 0.8 PSi
4g = 0.25 psi 4g 04 ltsi
Sg = 0.I Psi 5g 0.2 Itsi
t”g=Ops i t-ig =0 .1  0.2 itsi

Test #2: ALCOCS Firiminess (‘elI , ‘rhtigim Wedges. ‘rum herosit Blocks (‘ahibrahismn t)ata Summtmiar i,es l slit
Figsire B2.

Time subject was seated in tIme ASI’T cockpit seat wh ich was lltteth with a backrest Ilrmmmness cell , stat
Pan hirmimess cell . tuubcrosity blocks, atms h hlmigim wedges (Figure 7). TIme subject was haken.timrswgIm the 5’ iims i us

“C- levels” iii t h e t lmree axes . s , y, and i. Sharl itmg each time at the imotuminal stale (X 0, \ ‘ O . / - I), hlmt’
lurmness cell pressures were cimangesh and lime subject csuuuvt’yed what lm~ t im s uu m glmh t ime ~mew state svas , in ter nms
of C’s. A linear relationship between pressure and C’s was assunmed.

I,imnils: 0 ~ X ~ 25 (hhrustiu g u nly)
.2 ~ V s~ .2

- i ~~~Z ’~ I

l’entative conclusions on four suubjects’ linearity mm the dimpled tlrmness bladdet -
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1
AVERAGE ERROR IN ESTIMATING G~ W I T H  BLADD I R

AND ACTIVE PLANAR DRIVE

(S U M M A R Y  O~ RESULTS FROM TESTS 2 AND 3)

X A X I S  19.2% l R R O R  0 — . X ’ ~~.25

V AXIS 4 ’\ ERROR 0.2 V 0.2

Z AXIS ‘22,~
5,, 1RROR

AFTER AL)DITION OF BACKREST BLADDER BIAS , ERROR F ROM SI NGLI

AXIS TEST
X A X I S — 1. 7’\ ERROFt

l’i,m ua’u ’ 11.2. Average’ error in cshinmatiimg Cs with bladders atms l ae t i%s ’ platiar (lfl~’t’.

I Isheal c m m m s’ nil subject ms- c ~~ (‘ i mm ax 1 s. pressure mu psi wo emis l tie
( 1(X) 0)

C (‘ - utm ax ) (P P1(o ) + 1(X)

IOU 0

C h ( EIh — (P - 5) 1 tom i lOU = S

1~~ i~sm

( ;  1(X) Il~~ i .71 P~
2 Act mu .mt hmime ai m t’gre’ssmsium curves im~vs’ a immo re simallsiw sI opt’

C IOU II 71 (I’ S )~ Isir su i hjes’t I
C = 1(X) I l - h  Sc it l i  - ‘) I h~iu sum tt hes ’t 2
C lOt ) I I  57 (P S)~ tot su uhjs’t’t

~ lIme ;ts’ luma l t’ l l tSs ’S h~vt’ .u ~s’s’ t imts l ~i usls ’m its in’ht its ’.m m mt ~ , a}tpcat himg umm si ms ’ slm .uhl n iss at t l ms im mglm e u
iile’ss ulres I m iss s’ m su ibjec hiv s’ ( ;~)~

ll.tt glm h hit s’s hum~it it m m m lt~ 
-

I,; = lot ) II  ,i( i’ S) hi (h’ ~~ I

4. lime’ s t am ms l,mu sI els ’s m.t h u s imm sit ’ hits ’ - ( at am m~ slime lt ls ’ss umt t’ t~~alts iumt S - to It) aimsl ut t t ’t s’;mss ’s I nim
imig lmet 

~~~~~~ 
Isiss er ‘ (.s

‘S Ilms ’ mt ’ us %simmm e’ hs ’ u ms lem me ’~ h’sir ‘
~

- ( e’ s l m mt m j ie ’s ts u its’ hm iglms’u lou mmms ’ ms ’as mu mg iutt ’5SL1iL’s (hsiss’ s’ mmt m ~ ‘ Cs)

ii m a mm tom shs’s’tea s ii m g hhIeSSuIls ’S t lu~ sts ’ ms ’,’us).
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- 
‘ Actual (Cs) Perceived (Cs) Perceived (Cs)

Subject I Subject 5

l)X=  +0.08 “tmminitnal” 0
Y = 0  0 .1 (L)
z= ~ 3 2

2 ) X = + .12 0
Y = + .l (R) + .14
Z = —I (nonnal) 2

3 ) X = + . I2  +.05
+.08

Z= — I 2.5

4) X 0 Unsmire .1
Y =  .2(L)  .19 — .1

Z —3 Unsure 0

5 )X = + .2 +.2 - 
-

y = 0  +,05
Z= —6 - 5 1/2

6) X = +. I S  “a little x ”
Y = — .l — .15

2

Test # 3: Same as #2 with the addition of backrest and seatplane ASPI C-seat action . R = right . L = left
(Results summarized on Figure B2)

Act dial (Cs) Perceived (Subj . I) (Cs)

l)X=0.08 .06
y = 0  0

—4.5
2) X = 0  .07

Y - 2 ( L )  - -- .18
Z =  - - 3 —1 , 5

3 ) X = .l2 .1
Y = .l (R) . 12 ( R )
Z = — I 2

4 ) X = .2 .15
Y = 0  .05 - -

5 1/2
5 )X = .l5 .07

Y = — .l (L) .1
Z = 2.5 3.5

Comments — Subject I (comments on test #3)

— On small excursions with roll, had trouble discrim inating changes. (l’his is with seat Plane
operational)

— No rotational feelings front backplane. ‘ -

30

— — —

kI
— -’- ” ---- -- - - ,~~~L -~~



F
‘

~
‘

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~

0mm lt~mckrest (x -ax is ace ’.) .2s(;  l~’ei itmg iigl mt dowim spu me’ tsm lniwt’m h ack snilisl .mI’ .lmm m % t hacktes t SIsiw
Iespoumss’ It’ll Ii o m um 00 In’ 0. t)7t wit Im smmua ll posit iomm. uI s’imal mgt’. Muis’ l m s lumic kem mespoluss’ atmsl ~x nsm msi mm al t’lm atmgt ’
mm si tt’sl t ms u um u 0,07 1st (1.1 2C .

t im m ms iuim m m m a l I C slalt ’ hs’I h .us ml still ott tum itt ’usisi t~ blocks
I’imm gim ht ; imms ’I s ito I ito tis’s’aitht’ -

rt ’5t ~4 Statm ~’ Pet t’s’ph ts i im I s’sl Results smut t i m e ’ ti (1)1. ;S \51i I ..-S~’~it

R,mt’Lm t ’st Ilmumtuis ’ss s’s’II us- js lttass’sI, (Bias - 
. iim i . tias’Lus’st platte us .m’. ;me ’t hvs ’ , St a t tmumg at x - I 2S (tu t is I

mat mgc ) . Cs ss’ t•re’ vj t is’sl Iu stt m t t itat pon mt . Suil)ts’n.’t t~:m %s ’ bus s’s t m mmm a tt ’ nit ’ tIm e’ ness ~~ltie ’, C It’us ’I ,mlss .i~ % m s ’ t t im mm t ’sl
ho - I 2 ~ ltefs i us ’ t im put It t i m g um s’ xl sal t ie) . hims ’se slat a phi I t esl silt I ‘igui m e ’ 113 -

- - .250

- - .200 0 0

- - 0

0 - - .150

I I I * 5 I I J Aclemal
0 .050 .l00

,,/
’ 150 200 .250

- 
I 

0 X~~ 0.25

7 
0 Subjecl # 1

X X - - .050 X Subject ~2

x ~~ , 0
Pt’, ceuved

l.:gurc ’ 11$. Perveptioim ot’ X-aeis aectieratiomi Ilsilmg active backrest and bladder.
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Test #5: Altern ate Backrest Drive Test
Saimme as #4, imowever backplane drive was clmangeti to pivot I’rtiuim ti m e’ hot tsulm iumstead of time ’ top. Start-

tiug point was x = .125 Data plotted on Figure 1W
Test ~ $ l’esl ~5

II II, I /I I  I /

I ;  I I
+ X Thrusting / i + ~ ‘Th rusting / /I 

~

‘ //
________________________I i — 

_J /
—

Back rest drive sc imenmes iumuplemented in tests 4 & 5
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