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1.0 INTRODUCTlON 

Pro gr am SOr'1- TA ( Sea t / Occupan t Mode l - Tra nspor t Airc raft ) comb ine a l ump ed 
paramete r model of ai rcra ft passenge r s wi .h a f inite element model 0 t he se t 
struc tu e. Its i ntent is t o ai d i n t he eva luat ion 0 the performance of a i r ­
c r af t sea t and r es t r a i nt systems in cra sh envi ronment s . Because t he pr ogr am 
has been wri tten fo r use primarily by eng i neers concerned wi til t he des ign and 
analys is of sea t and res tra in sys t em~ t an ffort has been made to mi nimi ze 
t he i nput r equire t o de sc r I be the occupants. The program all ows s i nu la t i on 
of one , t wo , or three pas senge rs, o f -he arne or di fferent s j z ~ s . Char act e r ­
is t ics of t () s t andard occupa nt s , one dummy and one human, are i nc l uded wi hi n 
the pr oyra m, and an opt ion i s pr ovided t o s imulate ot e r occupants by pr ovi d­
i ng addit io na l i nput data. TIle s t r uc t ural model in ludes beam e l eme n s and 
has a maxi mum capaci ty of appr oxi ma te l y 450 degrees 0 fr eedom , a de t enn in ed 
y ar ray di ns i ons with i n the progr am. The bearn eleme nt s can accommo dat 

l a rge pl a st i c de forma t i ons and in clud til cepa bi l ity for c ros s- s ec t i on r educ­
t i on due to lo c 1 i ns t abi l i ie s. As an optio! 0 reduce bot l mode l i ng com­
pl exity an xecut io n os t s for cases where on y the restrain t sys tem or cock­
pit confi gura t ion is of conce r n , o r or cases where the det i l s of th e seat 
de ig n may not yet be known, a ri g i d sea t model , i n wh i ch sea t p nand ack 
pl anes def i ned by i nput are mai nta ined in f i xed pos i ti ons " the a ircraft , i s 
ava ila 1 • 

The fol lowi ng sec t i f1 S of t hi s repor t pr esen t inst uct io ns necessary for the 
use of Pr ogra • t~ -T A an informat ion to enabl e the user t o opera t e t he pro­
gr am mos t ff i c i ent 1Y. 

Sect i ons 2. 0 and 3. 0 describe prog r an i npu t nd out pu • r es pect i ve ly , i ncludi ng 
opti ons ave t able t o th e user . Sect i on 4.0 ou tlines ar f f i c i ent procedur e 
for dev l oprnent of a ma t em tica l model. Se ct io n 5. 0 t hen pro vid es de ta il ed 
de scri pt i ons of the sa rnp l i nput case . Appendi x A defi ne s all in put va i abl es , 
li ne by l i ne . Appendi x provi des exampl es of n~ ter i a l properti and occupant 
character i st i cs r equi r ed a s i nput data. Appendix C di sp lays t he compl e te se t 
of out put da t a for t he i nput li s t ed 111 Secti on r..O and Appe ndi x A. Appendix 0 
de scr ibe s pro qr-am r gani zat i on and he funct i ons o f all subrout i nes . 
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(a a t e r al li ne) a nd two an gle wi,ic h 5 . ec i f y t he t r pos t t i ons rel t i ve t hori­
zont al and ver t ic al pl ane s, res pec t i vely , The l engt h f the sea t pan and he 
he i ght of the se at ac k are us ed t o detennin t he l imits o f tn e su r fac es wi t h ' n 
wh i ch t e seat pan and bac k c an appl y ro rce s to "he oecup nt. Cu sh ion , 0 

" n pu t- s p~ c i ied t hi cknesse s , a r e inc l oed on top of the eat pan and sea b ck 
surfaces. 

The .yp e f eat ( s i ng l e - , double-, o r r ipl e-occupan t) i s s pcc i r -ed on 1 i nc 2 , 
al ong i h id entificat i on of the pos i t i o .;> t hat ar e occu pi ed. Seat r ow pitc n 
used	 i pl t ti nq, i s al so spec i f i eu in l in 2. 

2. 1. 3 De c pan t Degrees of Freed om. The NO : par an t er on l i ne 2 permit s se ec ­
tio n of eithe r tvo- {ND II~ = Z ror-t n re ~- d i men s i o , a (N OW = 3 ) occupant r sponse . 
The t hr ee- d imen i onal oc pant mod el consists of ' ig id sagfl en 5 , ill us t ra t ed 
i r: f ig ure 1, wi t n ot a t i onal spr i ngs a n dam e r s at th e j oin ts . Ea ch of t he 
t or s jo in ts posses ses three ro a t i on 1 degree s of f re ed om, Of . i n other words. 
i a ba 1- nd- socket type j o in t . Because of he h ' nge- typ mot i on a t el ow 
and nee joi nt s . t he pos i i on of a for ea rm or lower l eg r el a t tv e t o an upper 
am or t hi gn , respec t iv ely . i s ue sc . eel y one add i t i ona angu ar coor oi n teo 
In t otal, th i s occ upant IIlodel pos sesses 29 degree s 0 . freedom. 

The t wo di mensiona occupant wadel . pec i fi ed y NOrM = 2 on l i ne 2, consist 
o f 11 s egmen t s , as shown in f igur e . Beam el 'len ' s ill tne t orso and neck ar e 
ca a bl c of f' l exur-al an axia l defonnation . Al houoh res tric t d to wo-d imens i onal 
r e ponse , t hi s oce pan t opt i on doe s pennit more di rec t evaluat i on 0 ' acc ident 
sever t ty by outpu t o f ore es and moments i " the s pi ne and neck. ke str ( i n t sys ­
t em Drees on the el t pso i qal contact sur ace ar om put ed nrs - d lme ns i onal ly , 
but onl y t ile X- and Z-c ponen t s re used, The r e for e , t he two- di m n i onal model 
sno 1 be reserved for ca se s n wtl ' ch both t he impac cond i t i ons a n t he r es r a i nt 
sys tem are symme t r i ca . 

2 . 1. 4 Uut put Control ata. e n block'S of prog r am ou t pu t c an e sel ec ted on 
line 3. fhe dat a lnc lude t ime hi s tori e s o f the foll owing var ia bles wh ic h r 
stored during so ution at pr edetermi ned pr int i n terv als ; 

1.	 Occupant segment posit' ons (X Y Z . pi 'e ll and r ol l }. " 

2.	 Occupan t seglllen ve oc i t f e s (X, y. and Z). 

3.	 Occ upant s egment acc e er a t ons ( x I y, z and re sul ent s i . > 

xes t.r a i nt sys tem loads . 

5.	 Cush i on 1 ads . 

6 .	 Ai r cr a t d i sp sc emeu t , vel oc i ty and accel e r ati on . 

7. nj ury c r f t e r i a , inc lud ing s pi nal force s and noments . 

n.	 De t a i1 s of contac t be twe ~n th occ upa n s a nd t e sea . i n front 0 

t hem. 

~er C se X, Y, Z refer to i ne r t i 1 or airc raf t -fixe r! oordi na t e 5y tem: l owe r 
ca se x, i , z r fer t o segmen t-f-xed coordinate s. 
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Fi gure 2. El even - seqment ( tHo- dimens i onal occ i p nt mocel . 

Program output data ar e descri bed further in Chapt r 3. 

2.1.5 Sol ut i on Control Da t a . Tn e occu ant monel utilizes an Adans- I'lou l t on 
pr edic to r-correc t or s ol ut i on p oce dure wi ttl a var i e ol e time s t 0 . Data on li ne 4 
cont r ol t he s t ep size and error bOUII 1 f or the so ut on. . 

At eve ry sol ution ste , the sys t en c n t ral pr o c s sor t ime i s chec ked and c ompa red 
wi th t he TMAX pa r am et e on lin e 4. 1\1 owin time f r out put , t ne sol uti on wi l ] 
be t ermi nat ed once sy st em t ime reache s 1l'1AX, l'ihet ner or no t he fi 1 s ol ut ion 
t ime, TF, has been re ached . Ther for e , t ne perni tee! x t i n t i me i n t he 
j ob cont ro l la nguag e should b at least n'IAX sec onos , i ll o rder to ens ure tha t 
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t r ugh 41. Oa a for th s anda rd cc pant s , 50tl- percentile U. S. male and 
a 50t h- percenti le (Par t 572} a nt hropo rph or: dummy r . inc lu de wit hin the 
program. For nonstanda rd occupant s , a di t ion 1 da ta ay be ~ ov "de (fo r each 
occupa nt ) f ol l owi ng i ne 41 to def ine seyment en qth • cen t er' of rna s lac ' i ons , 
wig hts moments of inert ia , contac t surfd e radi i , proper ies fur he spine 
a d neck . and compl iance fo r t he ches and ebdoi n under restrai nt sy t ern load­
; ng• Example 5 of hase data t e i nc1uded i n A pendi x B. 

The angu l or i ent a t i n f t h torso hea and rm s eyme l ts ar pro vi ded as 
i nput on l ines 39 hrou yh 41. along wi Lh he X - coordi ~ at e of the heel Sta­
t i c equ i l t br l m i then used t o sea t the occupant in t he cu sh ions. 

2. 7 SEAT DES N INFORH/IT1ON 

2 . 7. 1 Ri gi d Seat Option . For ca ses wher the de ta i ls o f ea t respons e a r e 
not impor t an t or not worth the greate exe ut i on cost s tha t wou l d be i ncur red 
by t he use of e f i ni t e el .ment s t r uct ura model, a r i q i d seat opt i on is pr ­
vid ed. Pl ane surface r epr esent i nq he sea t pan arid see t back uppor t t he c s h­
i ons and re t a i n f i xed i n the ai rcra ft coordinate sy s tem, ex cep t whe r e the energy­
absor b; ng opt to r i s rsed, 

2. 7. 2 Si mpl i f i ed Energy-Abso rbing Seat Opti on. [f he SEATI<1 par ame t e r or 
l in e 43 i s greater than 0, a s i mp l"f ed ) two-d egree-o f- freedom seat model i s 
used . Intended for use i n s i mu latio f a gui ded energy - bsor bi ng seat , t hi s 
mode l pe r mi t t e s t r oki ng of a rigi d seat bucket in I pre sc i bed el i rec t io n. 
Be cause el as t i c bendi ng of th e supporting f r-ame h s been bserved i ll t s t i ng 
of such seats and may i nfluenc occupant r esponse , t il . s cond degree of freedom 
is a ded to s imul a t e ro t ati onal e la st i ci ty of th fr me . 

A t hough the f i ni t e elet~n t analysis can provide complete eval uat on Of a 
sea t ' s c ra s hwor fly perfo rma nce t e simp e strok i ng seat node 1 can pr 'Ie us f u1 
i n othe r s pect s of seat design . For exa mple , t he t wo- deqr ee-o f-f'reedom no e l 
can a id i econom ical ly es ima ting t he optimum ene rgy abso rber' lim i t lo ad f or 
~ro te c t i o n of occupants o£ var ious si ze . as wel . a in eva lua t ing a l te r n t i ve 
r es t r a i nt system conf i gur a t i ons . 

Input da t a for t hi s sea t nn del i nc l ude the w i yht f the movabl e ar t of the 
se at, the di r eti on a ong which it will s t r oke , th e mo vement of inert i a 'lith 
r espect to a late r al axi e , f or ce-def l ec t i on characte ·st ie s. an nload i ng 
l ope s . 

2. 7. 3 Fi nite l enie nt Struc tural Analy s i s, The fi nite l einent e t roo de con­
t ained i n Proqr am SOM- A uses beam elemen t . e beam el emen ts can a c onmo ­
da te large . pl as t i c defonnations and local i zed buckling of e l eme t s with hol l ow 
cross sec t io ns . Th e pr gram has a cap c ity fo r 150 nod san d 450 deyrees of 
f r eedom. However . more severe res tr ic t i on i s placed on t s i ze , N, of the 
m te r s t i f f nes s matr i x , yi ve n by : 

'-j = t·IEQ + ~1 U () 1< ( 2 * '\EQ - MUD - 1) / 2 ( 2 ) 
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3. 0
 

Program SO I ~ - TA output dat a are ava il a l e from the 0 10\o/1 n9 four' sourc e s : 

1. Pr i nter (unit 6 ) 

2. Occ upant posi t ion pl ot s ( u i t 14 ) 

3. Sea t s t r uct ure pl ots (u ni t 20 ) 

4. Plot s of othe r da t a (uni t 26 ) 

whic h ar e de scribed fu r t he r in t he fo l l owi nq se c t i ons . 

3. 1 PRIN T~ D OUTPUT 

Printed data ca n be selected fr om the ten blocks l i s ted in section 2 . 1. 4 . Th e 
interval a t whi ch the se data are pr i nt ed is s el ec t ed i n suorout i ne INPT, ba sed 
on the total sol ut io n t ime . TIl e i n te r v 1 i s i zed to pr ay; e a ma xi mum of 5 
line s f or each vari able . For e x I1l IJ1 e a sol ut ion t ime between 0. 100 and 
0.150 se c re sults in a prin t in t e rval of .0 J ec , a sol ut i on ime b ' we n 
0.2 50 and 0.3ULJ sec , an i nt e rval 0 .00 6 sec etc. 

Accel erati ons, se ve r i ty indi ce s , ve r t ebral fc r ce s and moments , and restraint 
sys t em forces are printed in ta bula r and gr a ph i c al f'o rmat s , Othe r da t a ar e 
pr ovided i n t abul ar tom onl y . Ac cel e r at i n out put da t a r c cct put cd eac h 
0.U 01 sec , equivalent t o a 1 KHz sampl i ng rate. Input l i ne 3 pr ov i de the op­
ti on of apply i ng Cl a ss 180 (30U Hz ) or Cl as 6U ( 00 Hz ) fi l t er to the data 
pr i or to their printing . 

3. 2 OCC UPANT POS ITIO N PLO TS 

If spe c ifi ed in i nput line 3 , data for up t o ei ght pl ot s f ace pan po si t i on , 
c an be s tored on ex t er nal f il e 14 . The t ime s f a t t tl se l ot s ar d fi n d on 
input line 3A. Viewing angles , i l l u ~ t r a t e d i n fig ure 3 , ar de i n d on l i ne 
3B . The righ t-side vi ew o f f igure 4 was 0 . i ned using an angle o f zer o de ­
grees. The fr ont view of f igu r e 5 w obta i ned us ing an ang l e of 9U degr e s . 

The IOUT(4 ) par ame t er on line 3 c an be us ed to draw t he ' mage o f t sea t i n 
fr ont of t hat be i ng model ed . A va l ue of 0 cause s no sea t t o be dr wn . A va l ue 
of 1 or 2 respectively, produce s a plot o f th fc r wa rd sea t i n its undcformed 
or de forrnec posi t i on and us e s subr out i ne It-1PAC T f or predi c t i on of c ontac t wi th 
the forward seat. The sea t image is s pac ed acco rdi ng to the SPlTCH parameter. 

The j ob control language used in exec t i ng SCJ-l - fI mus t de fi e ext er nal f il e 14 
as a pe nnanent fil e to be saved . The occ upant pl ot t i ng r ogram c an t hen he 
execu ted using thi s same perma nent f i l as i nput. 

3.3 SEA T STRLC TURE PL OTS 

Ju st as descri bed in section 3 .2 for occupant po si t i on , d t for up t o e i qht 
plot s of t he se a t struc t ure can be re que st ed on li ne ::l . A shown i n f i gur e 6, 
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PROGRAM SOM-TA 

TRANSPORT AIRCRAFT SEAT 

TIME = 0.0000 SEC. 

Fi gure 4. Sampl e ca se occupant plot ( side view) at t ime > 0 sec . 
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PROGRAM SOM-TA 

TRANSPORT AIRCRAFT SEAT 

TIME ~ 0.0000 SEC. 

17 

20 

Figure 6. Sanpl e case seat plot at time = 0 se c . 
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*':l;l'I'H~ 

Field Format Variable Field Forma t Variable 

1 FlO.S Time (sec) 17 FlO.5 Pelvis x-accel (G) 
2 FlO. 5 Ai rcraft X-accel (G) 18 FlO.5 Pelvis z-accel (G) 
3 FlO.S Aircraft Z-accel (G) 19 Fl 0.5 Pel vis res, accel (G) 
4 FlO.5 Aircraft res. accel (G) 20 FlO.3 lumbar axial load (lb) 
5 FlO.5 Aircraft res. ve l . (f t zsec ) 21 FlO.3 lumbar y-moment ( i n . - lb) 
6 F10.5 Aircraft res. di s pl. (in.) 22 FIO. 3 Ne ck axia l load (lb 
7 FlO.5 Seat X-accel (G) 23 Fl O. 3 Neck y-moment (in . - lb)

~ 

U'1 8 FlO.5 Seat Z-accel (G) 24 FlO.3 Back cushion force (lb) 

9 F1 0.5 Head x-accel (G) 2S Fl O.3 Ri ght lap belt force ( l b) 
10 Fl O.5 Head z-acce 1 ( G) 26 Fl O.3 Left lap belt force (lb) 
i i F1 0.5 Head res. accel (G ) 27 F1 0. 3 Ri ght shoul der belt force (l b) 
12 FlO.5 Chest x-acce1 (G ) 28 rio, 3 Left s houl de r belt force (l b) * 
13 F10.5 Ches t z-accel (G) 29 Fl O. 3 En ergy absorbe r force ( lb ) 
14 Fl O. 5 Ches t res, accel (G) 30 FlO. 5 Sea t dis P1ac emen t ( i n . ) 
15 F10.5 DRI 31 Fl O. 3 Fo ot rest X-force (lb) 
16 FlO.3 Seat cushion force ( l b) 32 FlO.3 Foo t rest Z- forc e ( l b ) 

*Replaced by seat angular di splacement (deg) for e nergy- a bsorbing sea t model (wi t h NSEAT = 0 a nd SEAm > 0 , . 

Figure 8. Data fo rna t for external file 26. 

I : I ! I :I=I= /=l=) ­H" /= I=j :1=1 "/~j~:f: r"J - ( .!=I: /= 1= \' ,= /' 1'I'1=1-1:1+1=t'I'I=\t ' /:1- ("/=!'/=l:IfI: * 1=\:T:I1I:1:1* :1=1:!=,' ,= ' ", , :1, 

,,t· " I!!!!170 ' , .l..l­

17 · . , I f ! ' I 'l'S I , 

3 4 I 5 6 , 7 
I 

8 

11 J. ~.Ll- I I! I I ! \3 I _ . 
14 , , 15 , 16 

19 , , 20 ~ I ' , ,2,1, ' . ' _ , ! ! /?, , 23 
I r I ! I , [ • , 

24 

25 I 26 
! ! ! ,2,7, ! I , I ! ! , . 2.8 , i 2 9 . 1 3,0 31 32, 

­e, 

r­
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In order to be certain that the occupant initial position is reasonable for 
the configuration being s t udi ed , it is wi se to run a short rigid seat ca se prior 
to adding the sea t structure input. Starting with a small value of final tim e , 
Tf , on line 4, such as 0.010 sec, the initial position and accelerations of 
the occupant segments and the external forces can be checked prior to initi­
ating a more expensive case. The plot data saved on unit 14 by SOH- TA can then 
De input to the occupant plot program and the initial position of all the occu­
pant segments reviewed. If the occupant's initial position, as calculated by 
suor out i ne INITIL, is geometrically impossible, the program will be stopped 
and informative messages printed. An example of this type of error, commonly 
encountered in initially running a ca se, is in attempting to locate the heel 
position beyond the reach of the legs. If the input parameters yield a geome­
trically feasible initial position and NOPLOT > a on line 3 and TPLOT = 0 on 
line 3A, then data for a plot of the initial position will be stored. 

Once the de sired initial position has been achieved for the oc cupant, the input 
data for the finite element seat structure model can be added. The t~ SEAT par­
ameter on line 2 should then be changed from 0 to 1 to signify modeling a non­
rigid sea t. Once again, prior to running a complete simulation, a case with a 
small fr- should be run in order to check the seat structure plot at the initial 
time. 

When it has been determined that both the occupant initial position and the 
sea t structure configuration are as desired, a complete simulation case can be 
run. The user shoul d take care that the n-IAX parameter in dec irnal seconds on 
line 4 corresponds to the time allotted for the run in the job control language 
(which may be an octal number). Within the program, an allowance i s made for 
printing of the stored output data. Should tile run be terminated at TIvlAX prior 
to the solution reaching completion at TF, the output data already generated 
will be printed, including the final generalized coordinates, which can be used 
in restarting the sol ut i on. 
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CD. 0 ..... ® Be am el ement numbers 

Figure 9. Sample ca se ai rline sea t finite el ement mod el. 
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4000
 

3000 

..Q 
rl 

r... 
2000 

Q) 

0 
~ 

0 
~ 

1000 

o 

F = 76 0 (eo. so c - 1) 
(Qvp r o x i ma t i o n for 
d un y and c u s h i o n ) 

~ 

o 
..,. 
o 
o 
CD 
o 
..,. 
CD 

o 1 2 3 4 

Deflection, ~ - in. 

Figure 10. Ex ponential approximation of flJrce- cJ eflection c ha r ac te r i s t i c s 
for d umoy and 1. 5- in. - th i ek e IJoS11ion . 

Li ne 40 : Initi al 
=CJin. 

po s i t i on for pa s sen jer 2 . Sam e as lin e 39 excep t YPA SS(2) 

Lin e 41: Initi al pos i t i on 
= ~O in. 

for pa s se nqc r J . Sane as lin e JY exce pt YPA SS(3) 

Lin e 4 2: Coor-o in a t e sys t eu lias l oca t e r: Id c:e r th e r ear eel!]e o f the sea t 
pan , so that XSEAT = 10 in.; l ilt: nei qnt o f the sea t pan i s 12 in.; 
se a t pan ano back angle s a r e 8 a nd 16 dt?0ree s , re s pectively. 
Sea t pan length a nd widtn dr e l S.15 i n . dnd 2CJ in. respectiv el y. 
The hei ght of the sea t odck i J ~ in. lOh e sea t b a c~ i s the same 
\'I'idth as the seat pan. (The s e co ordinate s are illustrat ed in 
fig ure A-9) . 
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Mo d e l o f Cr o s s - Se ctionAc t ua ] Cr o s s - Se c t i o n 
('I) 

y	 o 

o 
~ 

0 .083 o 
co1. 7 5 0. 0. o 

0 ,0 .834 
co '" L-_~---,Ji~Type 1 

Z 

- 0 . 58 9, 0. 58 9 

-0 .83 4 ,0 .0.083 

yi~ 

0 . '1 93 , - 0. 5 9 3 0 .593 , 0 .593 

t Type 2 
,. ,1 . 2 5 
ZI	 0 . (L 5 ---.. ~0 .065-" ~ 

L--.--.--J--i 
- 0 . 5 9 3 , - 0. 5 9 3 - 0. 5 9 3 , 0. 5 9 3 

Note : All di mensions i n inches . 

Figure 12.	 clement c r oss-secti on 1,locJel s us e e fo r 
sea t s t ruc t ure bedr:] 01J ? ::r ~n ts. 

Li ne 51:	 Twenty - se lle n 1i ne s of oe alll el emen t iJ .1 t d co rrespo ncli ng to ~ J ~ U-:
 

:= 2 7. Beam el enent connec t iv i ty an d number- s a re sho\'In in fig ­

u r e A·-13 .
 

Li ne 52 :	 Seat pa n c ush io n loao i s d t s t r i ou t ert on node s (5 ,6 , 13, 14)
 
f or th e fir st (righ t) occ upan t, (6 , 1 , 1 4 , 15 ) fo r the seco nd
 
(Tili dd1e ) occupa nt , a nd (7 , 8 , 15, Hi ) fo r the t hird ( left) occ u ­

pa n t . Til e orde r in whi ctl t he sea t pJn node s a re speci f i eo is
 
s hown i n f igure A-14 .
 

Line S3 :	 Back cush io n l oad is o i str i buted Q I nude s (5,6,17, 18 ) fo r
 
the f irst (r igh t) occ upa nt, (6 , "I , 1 >, 19) for t he secon d ( lfJidd)e )
 
occ upa nt, a nd (7 , 8 , 19, 20) for lI l .! t hi rd (left ) occupa nt .
 
The orde r i n \."hi c h t he sea t back no ne s a re specif ied i s sho wn
 
in figu re A-1 4.
 

Lin e !:J 4:	 Lap belt l o ads a re app l iecJ a t node s (9 , 1U) for the fi rs t (rigll t)
 
occ upant , (lU , 11) for th e seco nd (niddle ) occupan t , and (11 ,
 
12) fo r t he t hird ( left ) occ upan t.
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TRANSPORT AIRCRAFT SEA1 
l 1 2 3 :3 2 
1 1 ~ 

'­ 0 2 1 1 8 8, ')0050.025 
0 , .025 , ' : C' .~, ,;:i75 .100 1'11:" ,17:­• <. J .150 
O. 0, 'J I O. O. 0 , O. I) t 

20. 20, ~O . 20. 20 . 20. 20, 20 . 
45 . 45. S, 45. 45. 45 . 4 ~. 45, 
2(l
 
1)

<., 

301) , .0005 .0' C'S I), 1 0.001 O. ,P 6 ,0005
760 , 0,50 2.4 1.5 
760. 0,50 !. 01 ; 1 1., 

• c 
...­

0 0 1 0 
760 . 0,50 ~ . oj!) 3.0 
550. 1300. 2:-'-:0 . 0,0403 O. t04il 0, .l61 : (I. 0. 

~ I:" I:" •12,5 -30.0 1',... -10,(, ; . P ':" t ,J 

1 I:"12 ,5 -10,0 1:; .e, 10,0 (5.0 "J 

1 ? ~ 10.0 l ~ . O 1~. ~ 30 .(1 l ~ . O 

'..It -6.0 -~ ·v 0.0 0.0 

I ,O. ,01 0 l'...\ T ,165 ,17'j 

:, 0. 0, oJ,
 

I) , I' , 0,
 

0.18 0 ,~5
 

-16, -16. -' , " ,,6. 60. <. ' - 20.
 3"1 
1 1 '1 -- 16, -16. .. -it,, 60. ... (I.'l,;t 

-16. -16, - '1-16. 7. 60. ~\ &.. 20. t 

10. 1~ . 8. 16. 15. 15 :0. 39, 20. 

Fi gur e 13. l i s t in g of i nput dat a f or sampl e case. 
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8 6 7 ,)', 
~ i. 

' I c 

9 7 8 22 ') 

10 13 14 21 ~, 

i. 

11 14 15 21 2 
12 15 16 21 ? 
13 5 9 '1 

L 21 2 
14 6 JO '1 c, 21 i 

15 7 11 2 21 2 
16 8 12 ~, 21 '1 

17 9 13 2 2t 
18 10 14 2 21 -, 

I­

19 11 15 2 21 l' 
20 12 16 ·1 

c: 21 2 
21 5 17 :2 21 2 
'1'1 
'-I­ 6 18 '1c: 21 ·1 

23 ., 
I 1~. 'j 

I­ 21 
24 8 20 2 21 2 
'1C I-oJ 17 18 2 21 
26 18 19 ~. 21 '1.. 
27 19 20 2 21 ", 

e­
-.J 6 13 14 6 7 14 15 7 8 1".s 1' 
e­
.J 6 17 18 6 18 19 ~ 

( 8 20 

9 10 10 11 11 12 
1111001 
211200 1 

-. 5 
3111 001 
4111001 

Figu re 13 (contd). List ing of input data for sample case . 
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PROGRAM SOM-TA 

TRANSPORT AIRCRAFT SEAT 

TIME = 0.1750 SEC. 

Figure 15.	 Sampl e case occupant plot (front view) 
at time = 0.175 sec . 
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APPENDIX A 

PROGRAM SOM-TA INPUT DATA REQUIREMENTS 

In this Appendix a line-by-line description of input data required by Proyram 
SOM-TA is presented. As described in section 2, there are a number of optional 
lines of data, each of which is suffixed by an alphabetic character, such as 
line 6A, which is used only if the seat includes a headrest . 
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LINE 2: Seat Type and Occupant Locati on
 

DESCRIPTION: Seat pitch, type, and location s of passengers.
 

~ORMAT AND EXAMPLE:
 

r-- ­
;) 2 3 4

1234667890 1234667890 1234667890 1234667890 ~ 

0 1 6 7 8 

23_4 5 6 78 9 0 1234567890 1234567890 1234567890 

ISEAT(2)NUNIT NSEAT NOI". ISEAT(3)NOCC IPASSITYPE J eS E AT(1 ) >< 
1 1 2 3 31 1 1 1 2 

[ I L I II I I II I 1 I I : I' I'" I 1 ". LLU .L U-LLL ' J I I I , I .Ll ! J I I I I I I J J! I I J II LL.! I J I I I 

FIELD FORMAT CONTENTS 

NUNIT IS Sys tern of units 

NUNIT 
NUNIT 

:: 0 
1 

SI units 
English units. 

14SEAT IS Seat model 

NSEAT 
NSEAT :: 

0 
1 

Ri 9i d se at model 
Finit \ el ene nt seat model. 

I~DIM 15 Definition of occupant degrees of freedom 

NOIfvl:: 
NOIl1 = 

2 : Two-di mens ional simulation 
3 or 0 : Thr-ee-rrimens i onal simul ati on. 

NCCC 15 Number of occupants to be modeled 

ITYPE 15 Seat type in t.erms of occupant positions. 

ITY PE 
ITYPE 
ITY PE = 

1 
2 
3 

Single seat 
TvJO ­ pas sen ge r sea t 
Three-passenger seat. 

ISEAT 315 Locations of occupants, 
seat posi t i cn is occupi 

s pec i fyi ng whether 
d (l) or empty (0) 

a given 

ISEAT(l} 
ISfAT (2 ) 

ISEAT(3 } 

Right-mo st position 
Center position for three-passenger 
seat,le ft position for two-passenger 
seat 
Left position for three-passenger seat 
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LINE 3: Output Selection 

DESCRIPTION: Definition of output data to be s t ored for printin g and number 
of plots. 

FORMAT AND EXANPLE: 

0 1 2 :~ I ·1 ;, a 'I 8 
I 

1 2 3 45 6 7 8 90 12 34567890 12 34 5 6 7 8 90 1 234 56 7 8 9 0 :1 2 3 4 5 6 7 R 9 11 1 ~ ;H 5 G 7 B 9 0 12 3001 56 7 8 90 1 2 3 4 5 6 7 8 9 0 

O UT< 1) IOUT(2 1 IOU T(3) IOUT(4) IOU T(51 IOUT(S) IOUT(7) ID UT( S) I U Tl Ql lO UT( 10 ) 'W P ~ O T NSPLO T i P L T T S E~ 

I 1 ., a 1 , ? 1 t I B 8 . 0 0 0 5 0 . 0 ~ 
I ' I 1 I I I I . I ,. 

I ' l l I I I I I I I I I I I I , I • t I I I I I I ! I I I I • I I 1 I . ' 1-' 1 I I I 1 ' 1 I '--'- ­

FIELD FORMAT CONTErHS 

10 lIT 1015 Ve ctor of O's, 
data are to be 

1 IS, 2' s dnd 3 's i ndicating which 
printed (1, 2, or J ) or not printed (0) 

output 

iour (l ) 
10UT (2 ) 
lOUT(3 ) 
ro ( 4 ) 
l OUT(5 ) 
10UT (6) 
IOUT(?) 

tour (B ) 
10UT ( 9) 
lOUT (10 ) : 

Oc cupant s e g ~e n t position 
Occupant segment velocity 
Occupant segment accel erati on (1) 
Secondary impact prediction (2) 
Restra i nt sys t em forces 
Injury c ri t cr i a 
Se at exter nal loads (cushi ons , 
floor) (1 ) 
Se at s t r uc t ur e defl ect i ons (3) 
Seat st r uc t ure sup~ort reactions 
St r s se s i seat structure beam 
el enent s ( 4 ) . 

NOPL OT IS Number o f reque s ted occ u nt position plots (up 
Lines 3A and 38 mus t be i nse r t ed if NOPLOT O. 

to 8). 

NSPLOT 15 Number of re quested sed posit i on pl ot s (u p t o 8
Li nes "A, 3C, and 30 mu s t be inserted if NSPLOT 

) . 
O. 

(1)	 For roUT(3) and lOUT(?), an i nput val ue of 1 result i n unfiltered output. 
A val ue 0 f 2 0 r 3 re suItsin app1i cat ion 0 f il e1ass 18u (300 Hz ) arc1ass 
60 (l00 Hz) filter, respectively. 

(2)	 lOUT(4) = 0 No secondary impact predic t ; n i.lnd the forward seat is not 
plotted. 

IOUT(4) = 1	 Subroutine IMPACT i s called f r pr- eo ic t i o of contact with 
the seat back and occupant pl ots 5 ow the for wa rd seat in 
its undeformed position. 

lOUT(4)	 2 Subr out i ne Irv\PACT is called 0 " pr edi c t i on of cont ac t with 
the sea t back and occupant pl o s now the f orwa r d seat de­
formation a s t he sea t be i ng model ed . 

(3)	 If lOUT(8) = 1, line 3E must be included to se l ec t the nodes for seat s tr uc­
tu r e de fl ec t i ons . 

(4)	 If IOUT(lU) = 1, line 3F mu s t be included t o select t he beam elements f or 
seat structure loads and stresse s . 
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LINt:: 3A: Plot Times (only if NOPLOT > 0 or NSPLOT ) 0) 

DESCRIPTION:	 Times when plots of occupant or seat position are desired. The 
first NOPLOT fields are read, as defined on line 2. 

Occupant and seat plot data are stored on external file numbers 14 
and 20, respectively. Therefore, if plots are requested, the job 
control language must define files 14 and/or 20 as permanent files 
to be saved.	 These pennanent files can then be used as input to 
occupant and seat plotting programs. 

FORMAT AND EXAMPLE: 

0 1 <! 7 83 4 5 6 

1234567890 1234567890 1234n 57 8 9C 1 2 3 4 5 6 7 8J!.Q D "3 4 567890 1 :! 3 4 5 6 7 8 9 0 123456 7B 9 0 1 2 3 4 5 6 7 8 90 

TPLOT(2) TPLOTl3J TPLOTlOl TPLOTl61 TP LO TI 6 J TPLOTlsJTPLOTl 7JTPLOTlll 

F. 'J J I o orr rJ ln n n ' L ) [J l~ O lJl ' 'jt L: I • I I .' I " ", ' . ) I L L U I "I", J, 1 I I I I I I O ' l~LL:I I j 1 L ·U L .-J_' LJ_L( (I -. I I I I l ei 'LJ_L...J I I I I 1' \ ' L 

FI ELO FORMAT CONTENTS
 

TPLOT 8F10.0 Plot times, seconds.
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Y (left) 
o 

o 
0) 

x (forward) 

Viewing angle ~ a 
viewing 
positi on 

Figure 1\-1. Definition of occupant pl "It viewing angle. 
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1--­
// I 

/ I 
/ I
---I-­

I 
I 
I 

I 
I 
I--7

/ 

~ v i e wi ng position 

Ce n t er o f the imaginary 
workbo x which encloses 
t he mo del 

x 

8 = Azimuth angle in X-Y plane in degree s ( - 1 8 0° , 8 < +180° ) 

¢ = El evation angle in deg r e e s (-90 ° < ~ < +90° ) 

Figure A- 2.	 Angula r coordinates for viewing of seat 
model s. 
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LINE 3E: Nodal Output Selection (only if IUUT(S) > 0) 

DESCRIPTION: r~ode numbers, in pairs, to specify which X, Y, Z displacement s 
are to be printed. (The node numbers are defined on line 50.) 

FOR~~T ANU EXAMPLE: 

0 1 2 3 4 

1234567890 1234567890 1234667890 1234567890 1234 567890 1 2 3 4 5 6 7 8 9 0 
r 

KHODEI1J KNODE(2 KHODE(3J KNODE(4 KNODE(15JKNODE(1l KNODE(7) KNODE(IlJ KNOOECQJIKNOOt:(10) 

I I I I I I I I I I I I LLLLL -l..LXII II 1 
1 

I I ?/J I I I I : I.Ll 

7 8 

!2 3 4 5 6 7 A9 0 123 41i 6 7 8 90 

5 6 

.-­
/1 L U L U ..LLLL U . 1 I I 1 I I LLIJ _.U.L 

FIELD FORMAT CONTENTS 

KNODE 5(215) Nodal di splacement s printed for nodes beginning with 
KNODE(I) through KNODE(I+l), inclusive. Up to 5 pair s 
of nodes are permitted. 
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LINE 4: Simulation Control Data 

DESCRIPTION: Parameters for control of solution duration, step size, and error 
bound s , 

FORMAT AND EX~1PLE: 

0 1 2 3 4 fI 6 7 a 

1234567890 1234567890 1234567 8 9 0 123456 7 8 !i O 12~J4 5 67f1 9 0 1 ~ :l 4 D G jB 9 0 12 34 li 67 B9 0 1 2 34 5 67890 
OMAX OMIN I F DliEUR ELR IIlMAX 

LLLL: 0 0 . I I I ID, } ,O D, ) III D . O O D ~ rI . l O , j, .r),ll I , I I 1° , . • 1, ',6 I J I 10, . ,0, °1° ,5 !_' _I I JOrI :....u.l L l I I , I I , I -LLLLLL U _L _U Ll ., 

FIELD FORl"iAT CONTENTS 

TMAX FlO.O The maximum time allott ~ d for the run on the job card 
in decimal seconds. Thi s wil l ensure that the sol ut ion 
1S terminated in time to pe rm it printing of the output 
already computed. 

D~lAX FlO. O Maximum s t ep size. A val ue of 0.001 sec has been used 
successfully. 

DMIN FlO.O Minimum step size. A val u as la rge as 0.001 sec has 
been used successfully, bu t t he use of very st if f re­
straint system webbin y or sea t cushions may require a 
smaller al ue , such as 0. 00001. The solution can be ac­
complished wi t t a fixed s cep size by setting DMIN = m1AX. 

EUR FlO.O Ma ximum bound on error b tween predictor and corrector. 
A value of 0.05 to 0.10 1. suggested. corresponding to 
a range of 5 to 10 perce nt. If the error in any vari ­
able is l arger than this va lue, the step size is halved, 
maintaining sol ution accuracy. 

ELR FJ 0.0 Lowe r bound on error be tween predictor and cor rec tor. 
A value of 0.001 is suygested, corresponding t o 0.1 
percent. If the error in all variables is sma le r 
than this value, th e step . i ze is doubled, prevent ing 
the computer execution cos t from becoming excess i vely 
hi gh. 

Note : Because doubling ~h e step size multiplies the 
truncation Srror in th e l\ddlTl s- fioulton integrator by a 
factor of 2 , ELR shoul d e chosen le ss than EU R/ 32 if 
the advantages of doubl ing are not to be shor t -lived. 

TI FlO.O Initial sol ut ion time i n seconds . Nonnally taken as O. 

TF FlO.O Final solution time in sec onds. 

UTi Fl O. O Initial step s ize , noru ral ly set equal to DM IN. 
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LINE 6: Back Cushion Properties 

DESCRIPTION: Force-deflection characteristics, damping, and thickness for back 
cushion. These characteristics shoul d be measured using an in­
denter wi th the form of the occupant torso. If a dummy torso is 
used in measurement, the defl ecti on s houl d be based on the ches t 
accelerometer location. The force , ) i s computed from cushion 

B6 deflection,o. according to F = C( - 1). 

FORMAT AND EXAMPLE: 

o 1 

1231567890 

2 

1234667890 

3 

12 .34667890 

~ ;, 

1234 e6789 o,l 1.;L4 ;j 6 7 8 ~ 1. 
THBC F - i­_. -CBC BBC OPBC 

I I ) I I I 7,6,n,, o. S[ll. -, » I i , S0Lu.LLLL LJ 1 ...LLJ I I I LLLLL ' U -l.l l..LLU ... 

r - 76 

~~5 G2A ~ O I 2 ~ 4 5 6 7 8 9 0 1 2 3 1 5 6 7 8 9 0 

~--

LL L LV I J LL 

FI EL 0 FORMAT CONTENTS 

CBC FlO.O Coefficient C in above eqlJd t ion ( 1b) • 

BBC FlO.O Coefficient B in above equa tion (", n. -1) . 

DPBC FlO.O Damping coefficient at zero load (lb-sec/in.). 

THBCE FlO.O Un loaded thickness of cu s hi n in center of seat back 
(in.). 

A-I?
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IBUKL = 1 IBUKL 2 IBUKL = 3	 co 
o 
v 
o 
o 
co 
o 
v 
co 

BUKL 0 

1	 Shoulder belt fixed t o buckle 
2	 Shoulder belt and o ne side o f 

lap bel t are one I ,, ! crt h of 
webbing 

3	 Shoulder belt and la p belt 
attached to fixed po int 

NOTE: BUKL parameter is d f i n e d o n lin Js 11B, l1C, and 110. 

Figure A-3.	 Types of buckle conn ec ti ons specified 
by IBUKL on line 7. 
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LINE 8: Lap Belt Properties 

DESCRIPTION:	 Tables of forces and deflections define an approximation to force­
deflection curve by three linear segments, as illustrated in 
figure A-4. The force and deflection at point 1 are assumed to 
be zero. 

FORMAT AND EXAMPLE: 

0 1 

1234567890 

2 

1234667890 

3 

1234567890 

4 

1234567 890 

5 

1234667890 

6 

1 234567890 

7 

1234567890 

8 

1234667890 

FFlB(2) FFLB(3) FFLB(C) OOLB (2) DOLB(3) D DLB ( C) OPLB SLAB 

5 5 0 . 
, " " I...LLL 

1300 . 
I I " II , I I 

22 50 . 
I I I I , , II I 

0 , 0 I, 0 3 
1I 11 11 1 , ~ I , , ,[1" ,\ D,\ !l n. 16 3 

I I ' II I , I r 
O. 

J 1 ! 1 I , , I I I , r , I I , 1°,' 

FI ELD FORMAT CONTENTS 

FFLB 3F10.0 Forces (lb). 

DDLB 3FlO.O Strains correspondi ng to forces (in./in.). 

DPLB FlO.O Damping coeffi cient (lb-sec). 

SLAB FlO.O Sla ck in the total lap belt loop, the 
removed, would cause the belt to pass 
occupant with zero load (in.). 

1ength that, if 
snugly over the 
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LINE 9: Lap Belt Anchor Points and Footrest, Passenyer No. 1* 

OESCRI PTION: Coordi nat es of right and left lap belt anchor points 
in aircraft coordinate system; location of footrest. 

FORMAT AND EXAMPLE: 

0 1 

1234567890 

2 

1234667890 

3 

1234667890 

4 

1 2 3 4 6 6 7 8 90 

5 

I 2 3 4 5_6 7890 

6 

1234567890 

7 

123 4 6 67890 

8 

1234567890----­XL80, " YUl(l, " ZUI( 1,11 XUI(:l.1' YLB(2,1l Zt.8(:l. 11 ~ ---­
, , , , , ,\ 21) , , , , 1-, 3,°" 1° , I , , I ,\5,} I 1'1 I ,\2,) , , , I I ,1,0", 0 I I ,?, ',O.1 1 I I' u 1 1111 1'1' 11"1 

F1t:L0 FORMAT CONHNTS 

XLB(l,l) 
YLB(l,l) 
ZLB(l,l) 

3FlO.O Coordi nat es of right-hand lap belt anchor point in 
aircraft coordinate systelll (in.). 

XLB( 2,1)
YLB(2,1)
ZLB(2,1) 

3F10.O Coordinates of left-hand lap belt anchor point in 
aircraft coordinate systelll (in.). 

*Used only if ISEAT(l) - 1 on line 2. 
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LINE 11: Lap Belt Anchor Points and Footrest, Passenger No. 3* 

DESCRIPTION: Coordinates of right and left lap belt anchor points in aircraft 
coordinate system; location of footrest. 

FORMAT AND EXAMPLE: 

0 1 

1234567890 

2 

1234567 890 

3 

1234567890 

4 

1234567890 

(; 

12 34 56789 0 

6 7 

12 3 4 5 67890 1 23 45 6 7890 

8 

1234567 8 9 0 -­XLB(\ .a> YLBO.3) ZLIllI.3) XLB(2,31 YLB(2.31 ----­ZLB(2.3) ...-­ -----­),) ,'?,""S ' 0 C 
t " ", , , 

1,5 . C 12. 5 30 . ( 15. 0 
I I ) I I ' I I ) U-L.W . I I ) I I I I I' I I 1 I I I, , , .Ll.J I I I I I I 

FIELD FORMAT CONTENTS 

XLB(l,3) 3F1 0.0 Coordinates of right-hand lap belt anchor point in 
YLB(I.3) 
ZLB( 1,3) 

aircraft coordinate system (in.). 

XLB(2,3) 
YLB(2,3) 

3FI0.0 Coordinates of left-hand lap belt anchor point in 
aircraft coordinate system (in.). 

ZLB(2,3) 

*Must be included. Used only if !TYPE = 3 and ISEAT(3) == 1 on line 2. 
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LINE lIB, 11C, 110: Shoulder Belt Anchor Points (only if IRSYS > 0)* 

DESCRIPTION: Coordinates of shoulder belt anchor point in aircraft coordinate 
system, along with other restraint system characteristics. 

FOR~~T AND EXAMPLE: 

-. . ­
0 1 2 3 4 5 8 7 8 

1234567890 1234567890 1234 6 67 8 9 0 1.234567890 12345678!LQ I 2.3 4 Ii 6 7 8 9 0 1234567890 1234 5 6 7 8 90 

YSH(tl BUKLll)XSH( tl Z8HC tl XTRALCll 

I I I I I I I I II I I I I I I I II I I I I I 1 1.1. -LLL1 1..1 I 1 1 I 11 I I..LL L' I I I I I I I " II I 1 I I j J J I " I I I 

FIELD FORMAT CONT Erns 

XSH( 1) 3F10.0 Coordinates of shoulder belt anchor point in aircraft 
YSH(l} coordinate system, or point from which belt passes to 
ZS H( 1) shoulder in a straight line. 

BUKL(l} FlO.O Length of lap belt webbing attached to buckle, illu­
strated in figure A-3 (ill.). 

XTRAL( 1) FlO.D Length of shoulder strap beyond (XSH(l), YSH(l), ZSH(l)) 
if strap not in straight line, as shown in figure A-5 
(in.).
 

Lines llC and 110 repeat Line lIB for passengers 2 and 3.
 

*Not present for sample case. 
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LINE 12 - 35: Aircraft Acceleration 

DESCRIPTION:	 The time variation of each of the s ix components of the accelera­
tion of the aircraft coordi nat e sys t em is approximated by up to 
16 points in acceleration and time. 

FORMAT AND EXAMPLE: (Lines 12 - 15) 

. 
0 1 2 '3 4 51 6 7 8 

1234567890 1 2 3 4 6 6 7 6 90 1234567890 1234567690 12346 67 8 90 1234567890 1234567890i I 2 3 4 5 6 7 8 9 0 
AX(l) AX(S,)AX(z) AX(II) AX(n AX[1llAX(4) AX(~1 

. f, .,C -6 0 
I I I I I ! I ~ I 'U U U 11'1 I I I I I I I 1.LI J I.Li I c"le . 1 I I II LU Il...L! 1.1 I I J. L L I I LJ Ll.J... !~i.. l....L L LL LL U L 

AX(IO) ..... ( 14 ) AXIIl AX(l~)AX(1') Ax1l2) AX(18) "'Xll~ 

I I I I I , 1.1 I 11 11 11 1 11 1 11 1 1 11 11I I I ILL .LU I I U . LLl..11 I I L LJ 1 1.Ll... ~Ll.J...! L L U _L 1l..L.! LLLL L 

TXC1l TX(2) TX(4)TX(3) TX(II) TX(nTX(~) TX(II) 

o. , c; cn. o. 0 J( 0 . 16 . 0 . 1 7 5 
I I II II I I I I I I I.-L, I I I I I ....1..l...L.J J I I I I ..LU ' I I II L ....L.Ll 1 L l .Ll I I I U . .1 ~L.LLr-LJ 1....l..LL L.L.. [ J . L '- ....

1 X( 9 ) TX(10) TX(14)TX(111 TX( I~l TX('II)T~IV T~'~ 
....
 

I I I I I I I I I
 I 1 '.J I I I I r I I I i I I I I I I I I L1 I I I I 11 I II I I I I I Ll..J LLLl 1 1 U .J J I I I I III " L LU 

FIELD 

Lines 12 and 13: 

AX (J), J = 1-8 
AX (J), J 9-16 

Lines 14 and 15: 

TX(J), J 1-8 
TX(J). J = 9-16 

Lines 16 and 17: 

Lines 18 and 19: 

Lines 20 and 21: 

Lines 22 and 23: 

Lines 24 and 25: 

Lines 26 and 27: 

Lines 28 and 29: 

Lines 30 and 31: 

LOn es 32 and 33: 

Lines 34 and 35: 

FORMAT 

8FI0.0 
8FI0.0 

8F1 0. 0 
8FI0.0 

CONTENTS 

X-acceleration	 ( G) . 

X-time correspondiny to lines 12 and 13 (sec). 

Y-acceleration (G).
 

y.... time (sec ) •
 

Z-acceleration (G).
 

Z-time (sec).
 

Yaw acceleration (rad/sec/sec).
 

Yaw time (sec).
 

Pitch acceleration ( rad/ sec/ sec ) .
 

Pitch time (sec).
 

Roll acceleration (rad/sec/sec).
 

Roll time (sec).
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LI NE 37: Ai rc raft Init i a1 Po sit ion 

OESCRI PTION: Components of aircraft initial position, in earth-fixed coordinate 
system, and attitude. 

FORMAT AND EXAMPLE: 

0 1 ij 3 4 5 6 7 8 

1234567890 1234567890 12345 6 7890 1234567890 1234567890 1 2 3 4 567890 1 234 56 7 890 1 2346 6 7890 

XA VA ZA VAW PITCH n O LL -----=-r::::==== 
I , I I I I I ,0" , " ,U" , , , , , , , ,a" 1 " " ,U,. I I I " " fl, ' L: LL r t.Llil ...L ' I , I I I " I I I I I , 

Fl ElD FORMAT 

XA 3F10.0 
YA 
ZA 

YAW 3F10.0 
PITCH 
ROLL 

CONTENTS 

Position of aircraft coordinate system in inert i al 
system (earth-fixed sy s t em in whicll gravity acts in the 
-Z direction) (in.). These initial coordinates are 
normally taken as (0., 0. , 0.) unless displacement from 
a specific point is desired. For example, if the simu­
lation is to be initiated dt some horizontal distance 
from a barrier, su ch as 60 i n. , the initial position 
could be specified as (-60., 0., 0. ) . If the simula­
tion is to begin 10 in. above the ground in a verti cal 
drop, the initial position coul d be specified as (0., 
0.,1 0.). These coordi na t es are not used in the simu­
lation but only in output 0 aircraft position. 

Initial attitude of aircraft relative to earth-fi xed 
system (deg). 
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LINE 39: Occupant Initi al Po sition. Passenger No.1 

OEseRI PTION:	 Initial position angles and heel X-position, as illustrated in 
figure A-5. The heels are assumed to begin at Z = O. The tor so 
is aligned according to GAM(l,l), GAM( 2,1), and GAM(3,1), and the 
po siti on is then determined from static equilibrium, al lowing for 
compressi on of the cushions. Al so, the V-coordinate of the occu­
pant plane of symmetry is included. 

FORMAT AND EXAMPLE: 

0 1 

12 3 45 6 7 8 9 0 

2 

1234567890 

:I 

1234567890 

4 

1234567890 

5 

1234567890 

6 

12 :'l 4 5 6 7 8 9 0 

7 

1234567890 

8 

1234 567890 

ClMl('.1) Cl...... 2,1J ClAIoIlS,ll GAIoIl.,t) G ...... 5, t) XHEEUtJ YPA8ll( 1) ----»>: ----­
I I I 1-1'1 61 ' I I I I I 1- 1' 1

6
1' I I I I I I I 1

7
1' I I I I I 1-1

16 
I I I I I I ,"/J,, i ' I I I I 1 

31 2 
" I I I I I 1-1

21 
°1' 

---- ­

I I I I I I I I I, ~..l 1 1'...1 

FI f l O FORMAT CONTENTS 

GAM(I,l) SF 10.0 Ve ctor of i ni t i al position anqul a r coordinates, as 
illu strated in figure A- 6 (deg ) . 

XHcEL( 1) F10.0 X-coordinate of heels in il jr cr af t coordinate system 
( in. ) . 

YPASS(l) FlO.D V-coordinate of mid-place (pl a ne of symme t ry ) for 
occu pan t I 



- -

LI Nt 39: Occupant Initial Po sition, Passen ger No. 1 

OE SCR l PTION:	 Initial position angle s and heel X- pos it io n, as illustrated in 
fi gure A-6. The heels a re as sumed to begi n a t Z = O. The torso 
i s a l ig ned ac cording t o GAM(l,l), GAM( 2,l), and GAM( 3,l), and the 
position i s then detennined fr om s t a t ic equilibrium, all owing for 
compre s sion of the cushi ons . Al so, t he V- coordinate of the occ u­
pant plane of symme t ry is in cluded. 

FORMAT AND EXAMPLE: 

-'-----' 80 1 2 5 763 4 

12 34 56 7 890 1234567890 123456 7890 1234567890 123456 7 8 90 1 234 567 890 1234567890 1 2 3 4 5 6 7 8 9 0 
OJUol(2, Il OAM(4, 1)OAM(3, 11 XH EEL( Il0~1l, 1l YPA8&< .)0"""'.') ><:: 

i 6	 1 6 61
I I I I 1 l - l _'1

6l' I I 1111 - l I 1" 1111 111/'" I I l _lli1 1 1' 1111111 °1' 1 ' 1 L...L1J.li.~LLl I I}I O I " II IIII1 II 

FI ElO FORMAT CONTENTS 

GA~i ( 1,1) 5FlO.O Ve ctor of i ni t i el positio n ang ul a r coor di nat es , a s 
il lustra t ed in f i gure A-6 (deg ) . 

XHEEL( 1) Fl O.O X-coordi nat e of heels in aircraft coordi na te sy s t em 
(in.). 

FlO0 Ycoordinate of mid-place (plane of symmetry) for 
\ 

O C C U~ nt. 
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	1.0 INTRODUCTlON 
	1.0 INTRODUCTlON 
	Pro gr am SOr'1-TA (Seat/ Occupant Model -Transport Aircraft) combine a lumped parameter model of aircraft passengers wi .h a finite element model 0 the se t structu e. Its intent is to aid in the evaluation 0 the performance of air­craft seat and restraint systems in crash environments. Because the program has been wri tten for use primarily by engi neers concerned wi til the des ign and analys is of seat and restrain sys tem~ t an ffort has been made to mi nimi ze the input require to descrIbe the occupan
	y array di nsions within the program. The bearn elements can accommodat large plastic deformations and in clud til cepabi lity for cross-sect ion reduc­tion due to loc 1 instabili ies. As an optio! 0 reduce botl modeling com­plexity an xecut ion os ts for cases where on y the restraint system or cock­pit configuration is of concern, or or cases where the det i ls of the seat de ign may not yet be known, a rigid seat model, in which seat p nand ack pl anes def i ned by i nput are mai nta ined in f i xed posi
	f1 S of this report present inst uct ions necessary for the use of Progra • t~ -T A an information to enable the user to operate the pro­gr am mos t ffi ci ent 1Y. 
	The fol lowi ng sec t i 

	Sections 2.0 and 3.0 describe progran input nd outpu • respectively, including opti ons avet able to the user. Section 4.0 outlines ar fficient procedure for dev loprnent of a mat em tical model. Section 5.0 then provides detailed descriptions of the sarnpl input case. Appendix Adefines all input va i ables , li ne by line. Appendix provides examples of n~teria l properti and occupant characteristics required as input data. Appendix Cdisp lays the complete set of output data for t he input listed 111 Sectio
	1. 
	(a ateral line) and two angle wi,ich 5. ec i fy t he t r post ti ons rel ti ve t hori­
	zontal and vertical plane s, respec ti vely, The lengt h f the seat pan and he 
	height of the seat ack are used to detennin the limits of tne surfac es with'n 
	which t e seat pan and back can appl y ro rce s to "he oecup nt. Cushion , 0 
	" npu t-sp~ c i ied t hicknesses, are incl oed on top of the eat pan and sea b ck 
	surfaces. 
	The .ype f eat (single -, double-, or riple-occupan t) is spcci r -ed on 1inc 2, 
	al ong i h identificat ion of the positi o .;> that are occupied. Seat row pitcn 
	used. i pl t ti nq, is al so speci fi eu in lin 2. 
	2. 1.3 De c pant Degrees of Freedom. The NO : paran ter on line 2 permits se ec­tion of either tvo-{ND II~ = Zror-tnre ~-d imen s i o ,a (NOW = 3) occupant r sponse. The t hree-dimen ional oc pant model consists of 'igid sagfl en 5, illustrated i r: figure 1, witn otational springs an dam ers at the joints. Each of t he tors joints possesses three ro ation 1 degree s of freedom, Of . i n other words. i a ba 1-nd-socket type joint . Because of he h ' nge-typ motion at el ow and nee joints. the pos i ion of a
	The two dimensiona occupant wadel .peci fied y NOrM=2on line 2, consist 
	of 11 segment s, as shown in figure . Beam el 'len' s ill tne t orso and neck are ca ablc of f'lexur-al an axial defonnation. Al houoh restrict d to wo-dimensional re ponse, t hi s oce pant opt ion does pennit more di rec t evaluation 0 ' acc ident sever t ty by output of ore es and moments i " the spine and neck. ke str(int sys­t em Drees on the el t psoi qal contact sur ace ar omputed nrs -dlmens i onal ly , but only tile X-and Z-c ponen ts re used, Therefore, the two-dim n ional model sno 1 be reserved f
	2.1.4 Uutput Control ata. en block'S of program output c an e selec ted on line 3. fhe data lnclude time his tories of the following var iables which r stored during so ution at predetermined pr int intervals; 
	1.. 
	1.. 
	1.. 
	Occupant segment posit' ons (X Y Z. pi 'ell and rol l }." 

	2.. 
	2.. 
	Occupan t seglllen ve ocitf es (X, y. and Z). 

	3.. 
	3.. 
	Occupant segment acce era tons (x I y, z and re sul entsi .> 


	xest.rai nt sys tem loads. 
	5.. Cushion 1 ads . 
	6.. 
	6.. 
	6.. 
	Ai rcra t di sp sc emeu t, vel oc i ty and acceleration. 

	7. 
	7. 
	njury crfter i a, including spinal forces and noments. 


	n.. De t ai1 s of contac t be twe ~n th occupan s and t e sea . in front 0 t hem. 
	~er C se X, Y, Z refer to inerti 1 or aircraft-fixer! oordinate 5y tem: lower case x, i, z r fer to segment-f-xed coordinates. 
	3 
	NECK ELEMENT 
	o 
	o 
	® 
	z 
	S SE MENT MASS CENTE 
	o 01 T G).® ® 
	x 
	Fi gure 2. Eleven-seqment (tHo-dimensional occ i p nt mocel . 
	Program output data are descri bed further in Chapt r 3. 
	2.1.5 Solution Control Data. Tne occu ant monel utilizes an Adans-I'loul ton predictor-corrector sol ution p ocedure wi ttl a var i eole time st 0. Data on line 4 control the step size and error bOUII for thesouton. . 
	1 

	At eve ry sol ution ste , the syst en c nt ral pro cssor t ime is checked and c ompared with the TMAXpar amete on line 4. 1\1 owin time f r output, tne solution wi l] be terminated once system t ime reaches 1l'1AX, l'ihet ner or no the fi 1 solut ion t ime, TF, has been reached. Ther fore, tne perni tee! x ti n time in the job cont rol language should b at least n'IAX seconos, ill order to ensure that 
	At eve ry sol ution ste , the syst en c nt ral pro cssor t ime is checked and c ompared with the TMAXpar amete on line 4. 1\1 owin time f r output, tne solution wi l] be terminated once system t ime reaches 1l'1AX, l'ihet ner or no the fi 1 solut ion t ime, TF, has been reached. Ther fore, tne perni tee! x ti n time in the job cont rol language should b at least n'IAX seconos, ill order to ensure that 
	t r ugh 41. Oa a for th s andard cc pants, 50tl-percentile U.S. male and a 50t h-percenti le (Part 572} ant hropo rph or: dummy r . include within the program. For nonstanda rd occupant s , a di t ion 1 data ay be ~ ov"de (for each occupant) following ine 41 to define seyment en qth • cen t er' of rna s lac 'ions, wights moments of inertia , contact surfd e radi i, proper ies fur he spine ad neck . and compliance for the ches and ebdoi n under restraint sy tern load­; ng• Example5 of hase data te inc1uded i

	The angul orientati n f th torso hea and rm seymelts ar provided as input on l ines 39 hrouyh 41. along wi Lh he X -coordi ~ at e of the heel Sta­t ic equi l t br l m i then used to seat the occupant in the cushions. 
	2. 7 SEAT DES N INFORH/IT1ON 
	2.7.1 Rigid Seat Option. For cases wher the details of eat response are not important or not worth the greate exe ution costs tha t would be incurred by the use of e fini te el .ment structura model, a r i qi d seat opt ion is pr ­vided. Plane surface repr esent inq he seat pan arid seet back uppor t the c s h­ions and ret ain fixed in the aircraft coordinate sys tem, except where the energy­
	absorb;ng opttor is rsed, 
	2.7.2 Simplified Energy-Abso rbing Seat Option. [f he SEATI<1 paramet er or line 43 is greater than 0, a simpl"f ed) two-degree-of-freedom seat model is used. Intended for use in simulatio f a guided energy-bsorbing seat, this model permit t e stroking of a rigid seat bucket in I pre sc i bed elirection. Because elastic bending of th e supporting f r-ame h s been bserved ill t s ti ng of such seats and may i nfluenc occupant response, til . s cond degree of freedom is a ded to simulate rot ational elasticit
	Athough the finite elet~n t analysis can provide complete eval uat on Of a seat' s crashwor fly perfo rmance t e simp e strok i ng seat node1 can pr 'Ie us fu1 in other spects of seat design. For example, the two-deqree-of-f'reedom no el can aid i economically es imating the optimum energy absorber' limi t load for ~rotect i on of occupants o£ various size. as wel. a in evaluating altern tive res traint system configurations. 
	Input data for this seat nndel include the wiyht f the movable art of the seat, the dir etion a ong which it will stroke, the movement of inertia 'lith respect to a lateral axi , force-deflection characte ·sties. an nloading 
	e 

	l opes. 
	2.7.3 Fi nite lenient Structural Analysis, The finite l einent e t roode con­tained in Proqram SOM-Auses beam element . e beamelements can a conmo­date large. plast ic defonnations and localized buckling of eleme t s with hol low crosssections. Thepr gramhas acapcityfor 150nod sand450deyrees of freedom. However. more severe restrict i on i s placed on t size, N, of the m ter stiffness matrix, yiven by: 
	'-j = t·IEQ + ~1U () 1< (2 * '\EQ -MUD-1)/ 2 (2) 
	7. 
	3. 0. 
	Program SO I~-TA output data are ava ila le from the 0 10\o/1n9 four' sources: 
	1. 
	1. 
	1. 
	Pr i nter (unit 6 ) 

	2. 
	2. 
	Occ upant posi t ion pl ot s (u i t 14 ) 

	3. 
	3. 
	Seat struct ure plots (unit 20) 

	4. 
	4. 
	Plots of other data (unit 26) 


	which are described further in the followinq sections. 
	3. PRIN T~ D OUTPUT 
	1 

	Printed data can be selected from the ten blocks listed in section 2.1.4. The 
	interval at which these data are printed is selected in suoroutine INPT, based on the total sol ution time. TIle i nterv 1 i sized to pray; e a maximum of 5 
	lines for each variable. For ex I1lIJ1e a solut ion t ime between 0.100 and 
	0.150 sec results in a print interval of .0 J ec, a sol ution ime b' wen 
	0.2 50 and 0.3ULJ sec , an interval 0 .00 6 sec etc. 
	Accel erations, severity indices, vertebral fcrces and moments, and restraint sys t em forces are printed in tabular and graphical f'ormats, Other data are provided in tabul ar tom only. Accelerati n output data r ccctputcd each 
	0.U 01 sec , equivalent t o a 1 KHz sampl i ng rate. Input l i ne 3 provide the op­tion of applying Class 180 (30U Hz ) or Clas 6U( 00 Hz) fi lter to the data pr i or to their printing. 
	3.2 OCCUPANT POSITIONPLOTS 
	If spec ified in input line 3, data for up to eight pl ots f ace pan position, can be stored on external file 14. The times fat t tl se lotsar dfindon input line 3A. Viewing angles , i l l u~trat ed in figure 3, ar de in d on line 
	3B. The right-side viewof f igure 4 was 0 . ined using an angle of zero de­grees. The front view of figure 5 w obtained using an angle of 9U degre s. 
	The IOUT(4) parameter on line 3 can be used to drawthe 'mage of t seat in front of that being modeled. Avalue of 0 causes no seat to be dr wn. Avalue of 1 or 2 respectively, produces a plot of th fcrward seat in its undcformed or de forrnec posi ti on and uses subroutine It-1PACT for prediction of contact wi th the forward seat. The seat image is spaced according to the SPlTCH parameter. 
	The job control language used in exec ting SCJ-l-fI must defi e external file 14 as a pennanent file to be saved. The occupant plotting rogramcan then he execu ted using this same permanent fil as input. 
	3.3 SEAT STRLCTURE PLOTS 
	Just as described in section 3.2 for occupant position, d t for upto ei qht plots of the seat structure can be requested on line ::l. A shown in figure 6, 
	9. 
	PROGRAM SOM-TA TRANSPORT AIRCRAFT SEAT TIME = 0.0000 SEC. 
	Figure
	Figure 4. Sample case occupant plot (side view) at time > 0 sec . 11 
	PROGRAM SOM-TA TRANSPORT AIRCRAFT SEAT ~ 0.0000 SEC. 
	TIME 

	17 20 
	Figure 6. Sanpl e case seat plot at time = 0 sec. 13 
	:l;l'I'H~ 
	*'

	Field Format Variable Field Forma t Variable 
	1 FlO.S Time (sec) 17 FlO.5 Pelvis x-accel (G) 2 FlO. 5 Ai rcraft X-accel (G) 18 FlO.5 Pelvis z-accel (G) 3 FlO.S Aircraft Z-accel (G) 19 Fl 0.5 Pel vis res, accel (G) 4 FlO.5 Aircraft res. accel (G) 20 FlO.3 lumbar axial load (lb) 5 FlO.5 Aircraft res. vel . (ft zsec) 21 FlO.3 lumbar y-moment (in. -lb) 6 F10.5 Aircraft res. displ. (in.) 22 FIO.3 Neck axial load (lb 7 FlO.5 Seat X-accel (G) 23 FlO.3 Neck y-moment (in.-lb)
	~ 
	U'1 
	8 FlO.5 Seat Z-accel (G) 24 FlO.3 Back cushion force (lb) 
	9 F1 0.5 Head x-accel (G) 2S Fl O.3 Ri ght lap belt force (l b) 10 FlO.5 Head z-acce1 (G) 26 FlO.3 Left lap belt force (lb) ii F10.5 Head res. accel (G) 27 F10.3 Right shoulder belt force (lb) 12 FlO.5 Chest x-acce1 (G) 28 rio,3 Left shoulder belt force (lb)* 13 F10.5 Chest z-accel (G) 29 FlO.3 Energy absorber force (lb) 14 Fl O. 5 Ches t res, accel (G) 30 FlO. 5 Seat disP1acement (in.) 15 F10.5 DRI 31 FlO.3 Foot rest X-force (lb) 16 FlO.3 Seat cushion force (lb) 32 FlO.3 Foot rest Z-force (lb) 
	displacement (deg) for energy-absorbing seat model (with NSEAT = 0 and SEAm > 0,. 
	*Replaced by seat angular 

	Figure 8. Data forna t for external file 26. 
	I : I ! I :I=I= /=l=) ­H" /= I=j :1=1 "/~j~:f: r"J -( 
	I : I ! I :I=I= /=l=) ­H" /= I=j :1=1 "/~j~:f: r"J -( 
	I : I ! I :I=I= /=l=) ­H" /= I=j :1=1 "/~j~:f: r"J -( 
	.!=I:/= 1= \',= /'1'I'1=1-1:1+1=t'I'I=\t 
	'/:1-("/=!'/=l:IfI: 
	* 1=\:T:I1I:1:1* 
	:1=1:!=,' ,= ' ", ,:1, 

	,,t· " I!!!!170 ' , .l..l­17 · . , I f ! ' I 'l'S I , 
	,,t· " I!!!!170 ' , .l..l­17 · . , I f ! ' I 'l'S I , 
	3 
	4 I 5 
	6 , 
	7 I 
	8 

	11 
	11 
	J. ~.Ll-I I! I I ! \3 I _ . 
	14 , , 
	15 
	, 16 

	19 , , 20 ~ I ' , ,2,1, '. ' _ , ! ! /?, , 
	19 , , 20 ~ I ' , ,2,1, '. ' _ , ! ! /?, , 
	23 I r I ! I , [ • , 
	24 

	25 I 26 
	25 I 26 
	! ! ! ,2,7, ! I , I ! ! , .2.8 , i 29 . 1 3,0 
	31 
	32

	, 
	, 


	e, r­
	­

	o 
	In order to be certain that the occupant initial position is reasonable for the configuration being s t udi ed, it is wi se to run a short rigid seat ca se prior to adding the seat structure input. Starting with a small value of final time, Tf , on line 4, such as 0.010 sec, the initial position and accelerations of the occupant segments and the external forces can be checked prior to initi­ating a more expensive case. The plot data saved on unit 14 by SOH-TA can then De input to the occupant plot program a
	Once the desired initial position has been achieved for the occupant, the input data for the finite element seat structure model can be added. The t~ SEAT par­ameter on line 2 should then be changed from 0 to 1 to signify modeling a non­rigid seat. Once again, prior to running a complete simulation, a case with a small fr-should be run in order to check the seat structure plot at the initial time. 
	When it has been determined that both the occupant initial position and the seat structure configuration are as desired, a complete simulation case can be run. The user shoul d take care that the n-IAX parameter in dec irnal seconds on line 4 corresponds to the time allotted for the run in the job control language (which may be an octal number). Within the program, an allowance i s made for printing of the stored output data. Should tile run be terminated at TIvlAX prior to the solution reaching completion 
	,... 
	a 
	~ 
	a 

	a 
	IX) 
	a ~ 
	20 

	IX) 
	4 
	I, 2, .•.• 22 Node numbers CD. 0 ..... ® Be am el ement numbers 
	Figure 9. Sample case airline seat finite el ement model. 
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	Figure
	F = 76 0 (eo.-1) (Qvproximation for d un y and cushion) 
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	CD 
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	TR
	Deflection, 
	~ 
	-in. 

	Figure 
	Figure 
	10. 
	Ex ponential approximation of flJrce-cJ eflection cha r ac te r i s t i c s for dumoy and 1. 5-in. -th i ek eIJoS11ion . 

	Li ne 40 : 
	Li ne 40 : 
	Initi al =CJin. 
	posi t i on for 
	pa ssen jer 2 . 
	Same 
	as 
	line 
	39 
	excep t 
	YPA SS(2) 

	Lin e 41: 
	Lin e 41: 
	Initi al posi t i on = ~O in. 
	for 
	pa sse nqcr J . 
	Sane 
	as 
	line 
	JY 
	except 
	YPA SS(3) 

	Lin e 42: 
	Lin e 42: 
	Coor-o in at e sys t eu lias l ocater: Id c:er th e r ear eel!]e o f the seat pan, so that XSEAT = 10 in.; l ilt: nei qnt of the seat pan i s 12 in.; seat pan ano back angle s a re 8 and 16 dt?0ree s, respectively. Seat pan length and widtn dr e l S.15 i n . dnd 2CJ in. respectiv el y. The hei ght of the seat odck i J ~ in. lOh e seat b a c~ i s the same \'I'idth as the seat pan. (These co ordinates are illustrated in fig ure A-9) . 
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	Model of Cross-Se ction
	Model of Cross-Se ction
	Act ua] Cross-Section 
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	0 .065-" 
	~ 
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	--i 
	-0.593,-0.593 -0.593, 0.593 
	Note : All dimensions i n inches . 
	Figure 12.. clement cr oss-section 1,locJels usee for seat structure bedr:] 01J ? ::r ~n ts. 
	Li ne 51:. Twenty-sellen 1i nes of oealll el emen t iJ .1 td correspo ncli ng to ~ J ~U-:. := 27. Beam elenent connect ivi ty and number-s a re sho\'In in fig­.ure A·-13.. 
	Line 52:. Seat pan cushion loao is dt st r i out ert on nodes (5,6, 13, 14). for the first (right) occupan t, (6, 1, 14, 15) for the second. (Tilidd1e) occupant, and (7, 8, 15, Hi) for the third (left) occu­.pant. Tile order in whictl the seat pJn nodes are specifieo is. shown in figure A-14.. 
	Line S3:. Back cushion l oad is oi stributed Q I nudes (5,6,17, 18) fo r. the first (right) occupant, (6, "I , 1 >, 19) for the second (lfJidd)e). occupant, and (7 , 8, 19, 20) for lIl.! t hi rd (left) occupa nt.. The order in \."hich the seat back nones are specified is shown. in figu re A-1 4.. 
	:. Lap belt loads are appliecJ at nodes (9, 1U) for the fi rst (rigllt). occ upant , (lU , 11) for the second (niddle) occupant , and (11,. 12) for the third (left) occupant.. 
	Line !:J4

	TRANSPORT AIRCRAFT SEA1 
	TRANSPORT AIRCRAFT SEA1 
	TRANSPORT AIRCRAFT SEA1 
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	-16. -16, 
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	t 
	10. 1~ . 8. 16. 15. 15 :0. 39, 20. 
	Figure 13. listing of input data for sample case. 
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	Figu re 
	Figu re 
	13 (contd). 
	List ing 
	of 
	input 
	data for 
	sample 
	case . 


	PROGRAM SOM-TA TRANSPORT AIRCRAFT SEAT = 0.1750 SEC. 
	TIME 

	Figure
	Figure 15.. Sampl e case occupant plot (front view) at time = 0.175 sec . 
	APPENDIX A 
	PROGRAM SOM-TA INPUT DATA REQUIREMENTS 
	In this Appendix a line-by-line description of input data required by Proyram SOM-TA is presented. As described in section 2, there are a number of optional lines of data, each of which is suffixed by an alphabetic character, such as 
	line 6A, which is used only if the seat includes a headrest . 
	LINE 2: Seat Type and Occupant Locati on. DESCRIPTION: Seat pitch, type, and locations of passengers.. ~ORMAT AND EXAMPLE:. 
	r--­
	;) 
	01 
	2 3 41234667890 1234667890 1234667890 1234667890 ~ 

	6 7 8 23_4 5 6 78 9 0 1234567890 1234567890 1234567890 
	ISEAT(2)
	NUNIT 
	NSEAT 
	NOI". 
	ISEAT(3)
	NOCC 
	NOCC 
	NOCC 
	IPASS

	ITYPE J eSEAT(1 ) 

	>< 
	1123 31 1 11 2 
	[I LI II I I I
	I I 1I I :I'I'" I 1". LLU .L U-LLL ' J I II,I.Ll! J I III 
	I I 1I I :I'I'" I 1". LLU .L U-LLL ' J I II,I.Ll! J I III 
	II J J! II J I

	I LL.! I J III 
	FIELD 
	FIELD 
	FIELD 
	FORMAT 
	CONTENTS 

	NUNIT 
	NUNIT 
	IS 
	Systern of units 

	TR
	NUNIT NUNIT 
	:: 
	0 1 
	SI units English units. 

	14SEAT 
	14SEAT 
	IS 
	Seat model 

	TR
	NSEAT NSEAT 
	:: 
	0 1 
	Ri 9i d se at model Finit \ el ene nt seat model. 

	I~DIM 
	I~DIM 
	15 
	Definition of occupant degrees of freedom 

	TR
	NOIfvl:: NOIl1 = 
	2 : Two-di mens ional simulation 3 or 0 : Thr-ee-rrimens i onal simul ati on. 

	NCCC 
	NCCC 
	15 
	Number of occupants 
	to 
	be modeled 

	ITYPE 
	ITYPE 
	15 
	Seat type 
	in 
	t.erms 
	of 
	occupant positions. 

	TR
	ITY PE ITYPE ITY PE 
	= 
	1 2 3 
	Single seat TvJO ­pas senger seat Three-passenger seat. 

	ISEAT 
	ISEAT 
	315 
	Locations of occupants, seat posi t i cn is occupi 
	s peci fyi ng whether d (l) or empty (0) 
	a 
	given 

	TR
	ISEAT(l} ISfAT(2 ) ISEAT(3 } 
	Right-most position Center position for three-passenger seat,le ft position for two-passenger seat Left position for three-passenger seat 


	A-3. 
	LINE 3: Output Selection DESCRIPTION: Definition of output data to be stored for printing and number of plots. FORMAT AND EXANPLE: 
	0 1 2 :~ I ·1 ;, a 'I 8 I 1 2 3 45 6 7 8 90 12 34567890 12 34 5 6 7 8 90 1 234 56 7 8 9 0 :1 2 3 4 5 6 7 R 9 11 1 ~ ;H 5 G 7 B 9 0 12 3001 56 7 8 90 1 2 3 4 5 6 7 8 9 0 OUT< 1) IOUT(21 IOUT(3) IOUT(4) IOUT(51 IOUT(S) IOUT(7) ID UT( S) I UTl Ql lO UT( 10 ) 'W P ~ O T NSPLO T i P L T T S E~ I 1 ., a 1 , ? 1 t I B 8 . 0 0 0 50 . 0 ~ I ' I 1 I I I I . I ,. I ' l l I I I I I I I I I I I I , I • t I I I I I I ! I I I I • I I 1 I . '1-' 1 I I I 1 ' 1 I '--'-­
	FIELD 
	FIELD 
	FIELD 
	FORMAT 
	CONTErHS 

	10lIT 
	10lIT 
	1015 
	Ve ctor of O's, data are to be 
	1 IS, 2' s dnd 3 's i ndicating which printed (1, 2, or J ) or not printed (0) 
	o
	utput 

	TR
	iour (l ) 10UT (2 ) lOUT(3 ) ro (4 ) lOUT(5 ) 10UT (6) IOUT(?) tour (B ) 10UT ( 9) lOUT (10 ): 
	Oc cupant s e g ~e n t position Occupant segment velocity Occupant segment accel erati on (1) Secondary impact prediction (2) Restrai nt syst em forces Injury c ri tcr i a Seat external loads (cushi ons , floor) (1 ) Se at st r uct ure defl ecti ons (3) Seat struc ture sup~ort reactions St r sse s i seat structure beam el enent s (4 ) . 

	NOPLOT 
	NOPLOT 
	IS 
	Number of requested occ u nt position plots (up Lines 3A and 38 must be i nser t ed if NOPLOT O. 
	to 8). 

	NSPLOT 
	NSPLOT 
	15 
	Number of requested sed positi on pl ot s (up t o 8Li nes "A, 3C, and 30 mu s t be inserted if NSPLOT 
	) . 
	O. 


	(1). 
	(1). 
	(1). 
	For roUT(3) and lOUT(?), an i nput val ue of 1 result i n unfiltered output. Avalue 0f 2 0r 3 resuItsin app1ication 0 f il e1ass 18u (300 Hz) arc1ass 60 (l00 Hz) filter, respectively. 

	(2). 
	(2). 
	lOUT(4) = 0 No secondary impact predict; n i.lnd the forward seat is not plotted. 


	IOUT(4) = 1. Subroutine IMPACT i s called f r pr-eoic ti o of contact with the seat back and occupant pl ots 5 ow the forward seat in its undeformed position. 
	lOUT(4). 2 Subroutine Irv\PACT is called 0" prediction of contact with the seat back and occupant plo s now the forward seat de­formation as the seat being modeled. 
	(3). 
	(3). 
	(3). 
	If lOUT(8) = 1, line 3E must be included to select the nodes for seat struc­ture deflections. 

	(4). 
	(4). 
	If IOUT(lU) = 1, line 3F must be included to select the beam elements for seat structure loads and stresse s . 


	1\-5 
	LINt:: 3A: Plot Times (only if NOPLOT > 0 or NSPLOT ) 0) 
	DESCRIPTION:. Times when plots of occupant or seat position are desired. The first NOPLOT fields are read, as defined on line 2. 
	Occupant and seat plot data are stored on external file numbers 14 
	and 20, respectively. Therefore, if plots are requested, the job 
	control language must define files 14 and/or 20 as permanent files 
	to be saved.. These pennanent files can then be used as input to 
	occupant and seat plotting programs. 
	FORMAT AND EXAMPLE: 
	0 1 <! 
	7 8
	34 
	5 
	6 
	1234567890 1234567890 1234n 57 8 9C 
	12345678J!.Q D "34 567890 
	1:!34 567890 
	123456 7B 9 0 
	123 456 78 90 
	TPLOT(2) 
	TPLOTl3J 
	TPLOTlOl 
	TPLOTl61 
	TP LO TI 6J 
	TPLOTlsJ
	TPLOTl 7J
	TPLOTlll 
	Figure
	I •II.'I "",' .) 
	I •II.'I "",' .) 
	t L: 



	F. 
	'J J I 
	o orr 
	rJ lnn n 'L) [J l~O lJl ''j
	I LLU I"I",J, 
	1I II I I I 
	O 'l~LL:
	II j1L ·U L .-J_' LJ_L( (I -. I II I lei 'LJ_L...J II I I 1'\ 'L 
	FI ELO FORMAT CONTENTS. TPLOT 8F10.0 Plot times, seconds.. 
	Y (left) 
	o 
	o 
	0) 
	Figure
	x (forward) 
	~ a viewing position 
	Viewing angle 

	Figure 1\-1. Definition of occupant pl "It viewing angle. 
	A-9. 
	z 1--­// I / I / I---I-­I I I I I I--7/ 
	~ v i ewi ng position 
	Cent er of the imaginary workbo x which encloses t he model 
	x 
	8 = Azimuth angle in X-Y plane in degrees (-180° , 8 < +180° ) 
	¢ = Elevation angle in degrees (-90° < ~ < +90° ) 
	Figure A-2.. Angular coordinates for viewing of seat models. 
	A-ll 
	LINE 3E: Nodal Output Selection (only if IUUT(S) > 0) DESCRIPTION: r~ode numbers, in pairs, to specify which X, Y, Z displacements are to be printed. (The node numbers are defined on line 50.) FOR~~T ANU EXAMPLE: 
	0 1 2 3 4 1234567890 1234567890 1234667890 1234567890 1234 567890 1 2 3 4 5 6 7 8 9 0 r KHODEI1J KNODE(2 KHODE(3J KNODE(4 KNODE(15JKNODE(1l KNODE(7) KNODE(IlJ KNOOECQJIKNOOt:(10) I I I I I I I I I I I I LLLLL -l..LXII II 1 1 I I ?/JI I I I : I.Ll 
	0 1 2 3 4 1234567890 1234567890 1234667890 1234567890 1234 567890 1 2 3 4 5 6 7 8 9 0 r KHODEI1J KNODE(2 KHODE(3J KNODE(4 KNODE(15JKNODE(1l KNODE(7) KNODE(IlJ KNOOECQJIKNOOt:(10) I I I I I I I I I I I I LLLLL -l..LXII II 1 1 I I ?/JI I I I : I.Ll 
	0 1 2 3 4 1234567890 1234567890 1234667890 1234567890 1234 567890 1 2 3 4 5 6 7 8 9 0 r KHODEI1J KNODE(2 KHODE(3J KNODE(4 KNODE(15JKNODE(1l KNODE(7) KNODE(IlJ KNOOECQJIKNOOt:(10) I I I I I I I I I I I I LLLLL -l..LXII II 1 1 I I ?/JI I I I : I.Ll 


	7 
	8 !234 567A9 0 123 41i678 90 
	5 
	6 
	.-­
	LU LU..LLLLU . 1 II1 II LLIJ_.U.L 
	/1 

	FIELD 
	FIELD 
	FIELD 
	FORMAT 
	CONTENTS 

	KNODE 
	KNODE 
	5(215) 
	Nodal 
	di splacements 
	printed 
	for nodes 
	beginning with 

	TR
	KNODE(I) 
	through KNODE(I+l), 
	inclusive. 
	Up 
	to 
	5 pairs 

	TR
	of nodes 
	are 
	permitted. 


	LINE 4: Simulation Control Data DESCRIPTION: Parameters for control of solution duration, step size, and error bound s, EX~1PLE: 
	FORMAT AND 

	012 34 
	Figure

	fI 67 
	a 
	Figure

	1234567890 
	1234567890 
	1234567890 

	1234567 8 9 0 
	123456 7 8!iO 12~J4 5 67f1 9 0 
	1 ~ :l4DGjB90 
	12 34 li67 B9 0 1 2 34 567890 
	OMAX 
	OMIN 
	IF 
	Dli
	EUR 
	ELR 
	II
	lMAX 
	LLLL: 00. I I I ID,} ,OD,) III D .OOD~ rI . lO ,j,.r),ll 
	I , I I 1° ,.• 1,',I J I1,.,0, °1°,5 
	6 
	0

	!_' _I I JOr
	I :....u.l L l I I, II,I -LLLLLL U _L _U Ll ., 
	FIELD 
	FIELD 
	FIELD 
	FORl"iAT 
	CONTENTS 

	TMAX 
	TMAX 
	FlO.O 
	The maximum time allott ~ d for the run on the job card 

	TR
	in decimal seconds. Thi s wil l ensure that the sol ut ion 

	TR
	1S terminated in time to pe rm it printing of the output 

	TR
	already computed. 

	D~lAX 
	D~lAX 
	FlO. O 
	Maximum step size. A value of 0.001 sec has been used 

	TR
	successfully. 

	DMIN 
	DMIN 
	FlO.O 
	Minimum step size. A valu as la rge as 0.001 sec has 

	TR
	been used successfully, bu t t he use of very st iff re­

	TR
	straint system webbiny or seat cushions may require a 

	TR
	smaller alue , such as 0. 00001. The solution can be ac­

	TR
	complished wi t t a fixed s cep size by setting DMIN = m1AX. 

	EUR 
	EUR 
	FlO.O 
	Ma ximum bound on error b tween predictor and corrector. 

	TR
	A value of 0.05 to 0.10 1. suggested. corresponding to 

	TR
	a range of 5 to 10 perce nt. If the error in any vari­

	TR
	able is larger than this va lue, the step size is halved, 

	TR
	maintaining sol ution accuracy. 

	ELR 
	ELR 
	FJ 0.0 
	Lower bound on error be tween predictor and corrector. 

	TR
	A value of 0.001 is suygested, corresponding t o 0.1 

	TR
	percent. If the error in all variables is sma ler 

	TR
	than this value, the step . i ze is doubled, prevent ing 

	TR
	the computer execution cos t from becoming excess ively 

	TR
	hi gh. 

	TR
	Note : Because doubling ~h e step size multiplies the 

	TR
	truncation Srror in th e l\ddlTl s-fioulton integrator by a 

	TR
	factor of 2 , ELR shoul d e chosen le ss than EU R/ 32 if 

	TR
	the advantages of doubl ing are not to be short -lived. 

	TI 
	TI 
	FlO.O 
	Initial sol ut ion time i n seconds . Nonnally taken as O. 

	TF 
	TF 
	FlO.O 
	Final solution time in seconds. 

	UTi 
	UTi 
	Fl O. O 
	Initial step size , noru ral ly set equal to DM IN. 


	LINE 6: Back Cushion Properties 
	DESCRIPTION: Force-deflection characteristics, damping, and thickness for back cushion. These characteristics shoul d be measured using an in­denter with the form of the occupant torso. If a dummy torso is used in measurement, the deflection should be based on the chest accelerometer location. The force , ) i s computed from cushion B6 
	deflection,o. according to F = C( -1). 
	FORMAT AND EXAMPLE: 
	o 1 1231567890 
	o 1 1231567890 
	o 1 1231567890 
	2 1234667890 
	3 12 .34667890 
	~ ;, 1234 e6789 o,l1.;L4 ;j 6 7 8 ~ 1. THBC F -i­_. -

	CBC 
	CBC 
	BBC 
	OPBC 

	I I ) I I I 7,6,n,, 
	I I ) I I I 7,6,n,, 
	o. S[ll. -, » I i , S0Lu.LLLLLJ 1 ...LLJ I I I LLLLL ' U -l.l l..LLU ... 


	76 
	r-

	~~5 G2A~ O 
	I2~456 7890 
	123 1 567 890 
	~-
	-

	LLLLV I J LL 
	FI EL 0 FORMAT CONTENTS 
	CBC FlO.O Coefficient C in above eqlJd t ion (1b) • 
	BBC FlO.O Coefficient B in above equation , n. . 
	("
	-1) 

	DPBC FlO.O Damping coefficient at zero load (lb-sec/in.). 
	THBCE FlO.O Un loaded thickness of cus hi n in center of seat back 
	(in.). 
	IBUKL = 1 IBUKL 2 IBUKL=3. o v 
	co 

	o 
	o 
	co 
	o v 
	co 
	BUKL 0 
	1. Shoulder belt fixed t o buckle 
	2. Shoulder belt and one side o f lap belt are one I ,,! crt h of webbing 
	3. Shoulder belt and lap belt attached to fixed po int 
	NOTE: BUKL parameter is d f i ned on lin Js 11B, l1C, and 110. 
	Figure A-3.. Types of buckle conn ecti ons specified by IBUKL on line 7. 
	LINE 8: Lap Belt Properties 
	DESCRIPTION:. Tables of forces and deflections define an approximation to force­deflection curve by three linear segments, as illustrated in figure A-4. The force and deflection at point 1 are assumed to be zero. 
	FORMAT AND EXAMPLE: 
	0 1 1234567890 
	0 1 1234567890 
	0 1 1234567890 
	2 1234667890 
	3 1234567890 
	4 1234567 890 
	5 1234667890 
	6 1 234567890 
	7 1234567890 
	8 1234667890 

	FFlB(2) 
	FFlB(2) 
	FFLB(3) 
	FFLB(C) 
	OOLB (2) 
	DOLB(3) 
	D DLB (C) 
	OPLB 
	SLAB 

	5 5 0 . , " " I...LLL 
	5 5 0 . , " " I...LLL 
	1300 . I I " II , I I 
	2250 . I I I I , , II I 
	0 , 0 I, 0 3 1I 11 11 1 , ~ 
	I , , ,[1",\ D,\ !l 
	n. 16 3 I I ' II I , I r 
	O. J 1 ! 1 I , , I I 
	I , r , I I , 1°,' 


	FIELD 
	FIELD 
	FIELD 
	FORMAT 
	CONTENTS 

	FFLB 
	FFLB 
	3F10.0 
	Forces 
	(lb). 

	DDLB 
	DDLB 
	3FlO.O 
	Strains correspondi ng 
	to 
	forces 
	(in./in.). 

	DPLB 
	DPLB 
	FlO.O 
	Damping coeffi cient (lb-sec). 

	SLAB 
	SLAB 
	FlO.O 
	Slack in the total lap belt loop, the removed, would cause the belt to pass occupant with zero load (in.). 
	1ength that, if snugly over the 


	LINE 9: Lap Belt Anchor Points and Footrest, Passenyer No. 1* OESCRI PTION: Coordinates of right and left lap belt anchor points in aircraft coordinate system; location of footrest. FORMAT AND EXAMPLE: 
	0 1 1234567890 
	0 1 1234567890 
	0 1 1234567890 
	2 1234667890 
	3 1234667890 
	4 12 3 4 6 6 7 8 90 
	5 I 23 4 5_6 7890 
	6 1234567890 
	7 123 4 6 67890 
	8 1234567890--­
	--


	XL80, " 
	XL80, " 
	YUl(l, " 
	ZUI( 1,11 
	XUI(:l.1' 
	YLB(2,1l 
	Zt.8(:l. 11 
	~ 
	---­

	, , , , , ,\21) , , , , 1-, 3,°" 1° , I , , I ,\5,} I 1'1 I ,\2,) 
	, , , , , ,\21) , , , , 1-, 3,°" 1° , I , , I ,\5,} I 1'1 I ,\2,) 
	, , , I I ,1,0", 0 
	I I ,?, ',O.11 I 
	I' u 1 1111 1'1' 11"1 


	F1t:L0 
	F1t:L0 
	F1t:L0 
	FORMAT 
	CONHNTS 

	XLB(l,l) YLB(l,l) ZLB(l,l) 
	XLB(l,l) YLB(l,l) ZLB(l,l) 
	3FlO.O 
	Coordi nates of right-hand lap belt anchor point in aircraft coordinate systelll (in.). 

	XLB( 2,1)YLB(2,1)ZLB(2,1) 
	XLB( 2,1)YLB(2,1)ZLB(2,1) 
	3F10.O 
	Coordinates of left-hand lap belt anchor point in aircraft coordinate systelll (in.). 

	*Used only if ISEAT(l) 
	*Used only if ISEAT(l) 
	-
	1 on line 2. 


	LINE 11: Lap Belt Anchor Points and Footrest, Passenger No. 3* DESCRIPTION: Coordinates of right and left lap belt anchor points in aircraft coordinate system; location of footrest. FORMAT AND EXAMPLE: 
	0 1 1234567890 
	0 1 1234567890 
	0 1 1234567890 
	2 1234567 890 
	3 1234567890 
	4 1234567890 
	(; 12 34 56789 0 
	6 7 12 3 4 5 67890 1 23 45 6 7890 
	8 1234567 8 9 0 -­

	XLB(\ .a> 
	XLB(\ .a> 
	YLBO.3) 
	ZLIllI.3) 
	XLB(2,31 
	YLB(2.31 
	----­ZLB(2.3) ...-­
	-----­

	),) ,'?,""S 
	),) ,'?,""S 
	' 0 C t " ", , , 
	1,5 . C 
	12. 5 30 . ( 15. 0 I I ) I I ' I I ) U-L.W . I I ) I I I I I' I I 1 I I I, , , 
	.Ll.J I I I I I I 


	FIELD 
	FIELD 
	FIELD 
	FORMAT 
	CONTENTS 

	XLB(l,3) 
	XLB(l,3) 
	3F1 0.0 
	Coordinates of right-hand lap belt anchor point in 

	YLB(I.3) ZLB( 1,3) 
	YLB(I.3) ZLB( 1,3) 
	aircraft coordinate system (in.). 

	XLB(2,3) YLB(2,3) 
	XLB(2,3) YLB(2,3) 
	3FI0.0 
	Coordinates of left-hand lap belt anchor point in aircraft coordinate system (in.). 

	ZLB(2,3) 
	ZLB(2,3) 


	*Must be included. Used only if !TYPE = 3 and ISEAT(3) == 1 on line 2. 
	LINE lIB, 11C, 110: Shoulder Belt Anchor Points (only if IRSYS > 0)* DESCRIPTION: Coordinates of shoulder belt anchor point in aircraft coordinate system, along with other restraint system characteristics. FOR~~T AND EXAMPLE: 
	-. 
	.­
	01 2 
	3 
	4 
	5 
	8 
	78 
	1234567890 
	1234567890 
	1234567890 

	12346678 90 
	1.234567890 
	12345678!LQ I 2.3 4 Ii 678 90 
	1234567890 
	1234 5678 90 
	YSH(tl 
	BUKLll)
	XSH( tl 
	Z8HC tl 
	XTRALCll 
	IIIIIIIII
	IIIIIIIII
	I I I II I1 1.1. -LLL1 1..1 
	I 11I 11 I I..LL L' IIIIII 
	I" II I1I I 
	j JJ I" II I 
	FIELD 
	FIELD 
	FIELD 
	FORMAT 
	CONT Erns 

	XSH( 1) 
	XSH( 1) 
	3F10.0 
	Coordinates of 
	shoulder belt anchor 
	point 
	in aircraft 

	YSH(l} 
	YSH(l} 
	coordinate system, 
	or 
	point from which 
	belt passes 
	to 

	ZS H( 1) 
	ZS H( 1) 
	shoulder in 
	a 
	straight line. 

	BUKL(l} 
	BUKL(l} 
	FlO.O 
	Length of lap 
	belt webbing attached 
	to 
	buckle, 
	illu­

	TR
	strated 
	in figure A-3 
	(ill.). 

	XTRAL( 1) 
	XTRAL( 1) 
	FlO.D 
	Length of shoulder strap beyond (XSH(l), YSH(l), ZSH(l)) 

	TR
	if strap 
	not 
	in straight line, 
	as 
	shown 
	in figure A-5 


	(in.).. Lines llC and 110 repeat Line lIB for passengers 2 and 3.. 
	ase. 
	*Not present for sample c

	A-27. 
	LINE 12 -35: Aircraft Acceleration 
	DESCRIPTION:. The time variation of each of the six components of the accelera­tion of the aircraft coordinate system is approximated by up to 16 points in acceleration and time. 
	FORMAT AND EXAMPLE: (Lines 12 -15) 
	. 
	0 1 2'3 46 78 1234567890 12346676 90 
	51 

	1234567890 
	1234567890 
	1234567890 
	1234567890 
	1234567890 
	1234567690 

	12346 67 8 90 

	1234567890

	1234567890

	iI 234567890 
	AX(l) 
	AX(S,)
	AX(S,)
	AX(S,)
	AX(z) 

	AX(II) 

	AX(n 
	AX[1ll
	AX[1ll
	AX(4) 

	AX(~1 
	. f, .,C -6 0 
	IIIII ! I ~ I'
	U U U 11'1 
	II IIIII 1.L
	I J I.Li I c"le 
	.1I I IILU I
	l...L! 1.1I IJ.LL 
	l...L! 1.1I IJ.LL 
	I I LJ Ll.J... !~i.. l....LLLLLLU L 

	AX(IO) 
	AX(IO) 
	AX(IO) 
	.....(14 ) 

	AXIIl 

	AX(l~)
	AX(1') 
	Ax1l2) 
	AX(18) 
	"'Xll~ 
	I IIII , 1.1 I 
	111111 111 
	111 1111 11
	I I I ILL.LU 
	I I U . LLl..11 
	I ILLJ1 1.Ll... ~Ll.J...! LLU _L 
	1l..L.! LLLL L 
	TXC1l 
	TXC1l 
	TX(2) 

	TX(4)
	TX(4)
	TX(3) 

	TX(II) 
	TX(n
	TX(~) 
	TX(II) 
	o. ,c; c
	o. ,c; c
	n. o.0 J( 

	0.16. 0.175 
	I I IIII I I I 
	I I IIII I I I 
	II I I.-L,II I I 

	I ....1..l...L.J J IIII 
	..LU ' I IIIL....L.Ll1 Ll.Ll 
	I I I U..1 ~L.LLr-LJ 1....l..LLL.L.. [ J .L'-....
	1 X( 9) 
	1 X( 9) 
	1 X( 9) 
	1 X( 9) 
	1 X( 9) 
	TX(10) 

	TX(14)

	TX(111 

	TX( I~l 

	TX('II)
	T~IV T~'~ 
	..... III II IIII. 
	I 1'.JIIII r 
	I 1'.JIIII r 
	I 1'.JIIII r 
	I 1'.JIIII r 
	I 1'.JIIII r 
	I 1'.JIIII r 
	III i IIIII 

	III L1 IIII 

	11 IIIIIII 

	I Ll..J LLLl 1 

	1U .J J IIII 

	III " LLU 
	FIELD Lines 12 and 13: AX (J), J = 1-8 
	AX(J), J 9-16 Lines 14 and 15: TX(J), J 1-8 
	TX(J). J = 9-16 Lines 16 and 17: Lines 18 and 19: Lines 20 and 21: Lines 22 and 23: Lines 24 and 25: Lines 26 and 27: Lines 28 and 29: Lines 30 and 31: LOn es 32 and 33: Lines 34 and 35: 
	FORMAT 
	8FI0.0 8FI0.0 
	8F1 0.0 8FI0.0 
	CONTENTS 
	X-acceleration. (G) . 
	X-time correspondiny to lines 12 and 13 (sec). 
	Y-acceleration (G).. y.... time (sec)•. Z-acceleration (G).. Z-time (sec).. Yaw acceleration (rad/sec/sec).. Yaw time (sec).. Pitch acceleration (rad/sec/sec).. Pitch time (sec).. Roll acceleration (rad/sec/sec).. Roll time (sec).. 
	A-29 
	LINE 37: Ai rcraft Initia1 Position OESCRI PTION: Components of aircraft initial position, in earth-fixed coordinate system, and attitude. FORMAT AND EXAMPLE: 
	0 1 ij 3 4 5 6 7 8 1234567890 1234567890 12345 6 7890 1234567890 1234567890 1 2 3 4 567890 1 234 56 7 890 1 2346 6 7890 XA VA ZA VAW PITCH n O LL -----=-r::::==== I , I I I I I ,0" , " ,U" , , , , , , , ,a" 1 " " ,U,. I I I " " fl,' L: LL r t.Llil ...L ' I , I I I " I I I I I , 
	Fl ElD 
	Fl ElD 
	Fl ElD 
	FORMAT 

	XA 
	XA 
	3F10.0 

	YA 
	YA 

	ZA 
	ZA 

	YAW 
	YAW 
	3F10.0 

	PITCH 
	PITCH 

	ROLL 
	ROLL 


	CONTENTS 
	Position of aircraft coordinate system in inert ial system (earth-fixed system in whicll gravity acts in the -Z direction) (in.). These initial coordinates are normally taken as (0., 0. , 0.) unless displacement from a specific point is desired. For example, if the simu­lation is to be initiated dt some horizontal distance from a barrier, su ch as 60 i n. , the initial position could be specified as (-60., 0., 0. ) . If the simula­tion is to begin 10 in. above the ground in a verti cal drop, the initial pos
	0.,10.). These coordi nates are not used in the simu­lation but only in output 0 aircraft position. 
	Initial attitude of aircraft relative to earth-fixed system (deg). 
	LINE 39: Occupant Initi al Po sition. Passenger No.1 
	OEseRI PTION:. Initial position angles and heel X-position, as illustrated in figure A-5. The heels are assumed to begin at Z = O. The torso is aligned according to GAM(l,l), GAM( 2,1), and GAM(3,1), and the po sition is then determined from static equilibrium, al lowing for compressi on of the cushions. Al so, the V-coordinate of the occu­pant plane of symmetry is included. 
	FORMAT AND EXAMPLE: 
	0 1 12 3 45 6 7 8 9 0 
	0 1 12 3 45 6 7 8 9 0 
	0 1 12 3 45 6 7 8 9 0 
	2 1234567890 
	:I 1234567890 
	4 1234567890 
	5 1234567890 
	6 12 :'l 4 5 6 7 8 9 0 
	7 1234567890 
	8 1234 567890 

	ClMl('.1) 
	ClMl('.1) 
	Cl......2,1J 
	ClAIoIlS,ll 
	GAIoIl.,t) 
	G...... 5, t) 
	XHEEUtJ 
	YPA8ll( 1) 
	----»>: ----­

	I I I 1-1'1 61 ' 
	I I I 1-1'1 61 ' 
	I I I I I 1-1' 161' 
	I I I I I I I 171' 
	I I I I I 1-116 
	I I I I I I ,"/J,, 
	i ' I I I I 1 31 2 " 
	I I I I I 1-121 °1' 
	----­I I I I I I I I I

	, ~..l 1 
	, ~..l 1 
	1'...1 


	FI fl O 
	FI fl O 
	FI fl O 
	FORMAT 
	CONTENTS 

	GAM(I,l) 
	GAM(I,l) 
	SF 10.0 
	Ve ctor of i ni t i al 
	position anqul a r 
	coordinates, 
	as 

	TR
	illustrated 
	in 
	figure 
	A-6 (deg). 

	XHcEL( 1) 
	XHcEL( 1) 
	F10.0 
	X-coordinate of 
	heels 
	in 
	il jr craf t 
	coordinate system 

	TR
	(in. ) . 

	YPASS(l) 
	YPASS(l) 
	FlO.D 
	V-coordinate of mid-place (plane of symme t ry ) for 

	TR
	occu pan t I 


	LINt 39: Occupant Initial Position, Passen ger No. 1 
	OESCRlPTION:. Initial position angles and heel X-pos ition, as illustrated in figure A-6. The heels are assumed to begin at Z= O. The torso is al igned according to GAM(l,l), GAM(2,l), and GAM(3,l), and the position is then detennined from stat ic equilibrium, allowing for compression of the cushions . Al so, the V-coordinate of the occu­pant plane of symmetry is included. 
	FORMAT AND EXAMPLE: 
	-
	'-----' 
	8
	01 2 
	5 
	7
	6
	34 
	12 34 56 7 890 1234567890 123456 7890 1234567890 123456 7 8 90 
	Figure

	1234 567 890 
	1234567890 
	123456 7890 
	OJUol(2,Il 
	OAM(4, 1)
	OAM(3, 11 
	XH EEL( Il
	0~1l, 1l 
	YPA8&< .)
	0"""'.') 


	><:: 
	><:: 
	i6.1661
	IIII 1l-l_'1l' I I 1111 -l I1" 1111 111/'" I I l_lli1 11' 1111111°1' 1' 1 L...L1J.li.~LLl I I}I O I " II IIII1 II 
	6

	FI ElO 
	FI ElO 
	FI ElO 
	FORMAT 
	CONTENTS 

	GA~i ( 1,1) 
	GA~i ( 1,1) 
	5FlO.O 
	Ve ctor 
	of 
	i ni t i el 
	position ang ul a r 
	coordi nat es , 
	as 

	TR
	il lustrat ed 
	in 
	f i gure A-6 (deg ). 

	XHEEL(1) 
	XHEEL(1) 
	Fl O.O 
	X-coordi nat e of 
	heels 
	in aircraft coordi nate 
	sys t em 

	TR
	(in.). 

	TR
	FlO0 
	Ycoordinate of mid-place (plane of symmetry) for 

	\ 
	\ 
	O C C U~ nt. 


	Figure
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