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In· tbe first part , t he S.R.C proposed gun-launched anti­
aircraft 1issile conc~pt definition is introduced • A 6-DOF 

.:iissile siQulation 11odel ·is derived where the tClto.l i!j;IJ~e of 
athck air veiocity rnirdin;;t2 syst2!l lTAWC5l anci the total angle 
of atta.ck b~dy coordinate system(TABCSI are defined • A 
corresponding soft~are which has soge versalil itie: has been 
iEpleRented • The ca1culatic~s shoM that this feasibility stucy 
is pos:tive • 

In part 2 1 the angular ;oti~rr data reduction prcble~ in ya­
card test is stucied. A 6-00F trajectory ccdel is derived 
together with a modifi:::ation .iethod for this Mdel. Usi;:q ~hi~ 

~odifietl 6-UGf oodel , the ae~~d1na~ic coeff:cients c~n be taken 
as fittir.g ~arai:iet?r$ ~i rer.tly , Ail nonLr.ear and ti.12 vu i ;,~;e 

ef fects can be c~n~idererl in the fittir.q pr~c~~s. Sy appl ying the 
differer.t'.atio;.al cor~e:t i on se~hcd , caicuiations sno~ that a:i 
the aerociynaoic coeffi ~ients ~h ich have &ore ccntrihutions to 
the a1;guiar motion such as Caa 1 C111p2 1 Ce!qa aild Ct.3 c;r. ~e 

identif!~d more confidently froa t he test data , 

In p.;rt 3 1 a ri~~d body 6-00F projectil~ si1:11.1laUon 11odel is 
derived •· A 5-nOF aodel is advanced for accurate calculation of 
the no~inal traject>Jry in hig~ f iring eievation cases • Also an 
accurate fast 4-UOF codel is ~eriv~d which include~ all the 
pos~i,le effects on t~e steady state yaw of repose . Tne. 
theoritical a~a~ysis of the aerodynamic ju1p due ta initial 
disturb~nces and dyna1ic i ehalince are al so given . 

. All t~e algorithgs 1 1el~ods and 1odels have been i~p leoented 
in Fort~an-77 • All the soft"are are debugged .• Tests wit~ 
practical projectile data and firing data shoN the real 
u~efulness of the5e software . Soae soft~are have been used br 
users • 

!. 
I 



iT 

f1 * ( Co~TENT 1 

~t *1 (:( "f 1fL ~ "5f ~r tQ Dj i J I r1 ~.ff 
>1;-r 
1U 

~1t------ ---------- ... (2) 

1
:{, - ~. 1! ~ &_ 15 fll.J~ ~ft x.. 

~ I t -- -- - -- - - - - - - - - - - - - - - - - - - - -{~) 

~ 1.\. § t~ fd3 ~ ').__ - - - - - - - - - - - - - - - - - --(3) 

~ L2:_; ~~ ~ il itJ~ ~ 1---------- -------{4) 

~I-~~ *7 ~~ <tttJ t\f ~ i1tf- 9 :Lin ~ fI -----,-----(5) 
':f, :: ! . ,', 1J ~ ~ -;. ~ ?i t ft ~j_ 19._ 1i P:J ~M( 

iOI ~ --------- - ------------------v0) 

L ~i.t.~ -,fj ~ 4f_ ~ ~ TU 1~ '* ft---------- ---Qo) 
~ 11} I~ j ~ ~ l:- &9 -JJ 13-- -tl i) _j. 0.z f1l 

, - - 'l ./-h Fr ' (1 1~' U i_ 7J 7) i-L ":FJ ::µ:__ .u_ .- - - - - - - - - - - - - - - 04) 
'2 

~l.~ ~f:. I~ j ~ 6W .!:. &3 1J ~ ~ t~ %.7 ~ "iftf/ 
~-t ~ 1~· \.i ~ 1J T -tt IP 1 if .i. -- - - - - - - - --{18) 

~l~ 0 ~ ,t 1J i:t; ~l ~L - - - - - - - - - - - - - - - - -( w) 
~~ t~ ~J ¥i,: tl_ ~ - - - - - - - - - - - - - - - - - - - { <?) 

~2-~ "t ~J ~ 7f -t bt 1~~ Jf ~ 1 )t ~- - - --{24} 

~2.1- - J 111 ~ &g 'f fol ~~--} 7r -t- --- - ---- -(2.t)) 

~~g ~ i1_ ~~ .t1: ~.;,._ ~i, ~ iX_b t{<- \v tll i~ ~ ti/9 Ii·~ ZL -{28) 

~2-~ i~ Tjt qN\b - - - - - - - - - - - - - - - - - - - - -{Jo) 

~ .;.. t . "~ ili bJ 1 j d 1- th j ~ t l 
~~.I .1~wiL - - - - - - - - - - - - - - - - -- - - -- - - - - - (i?) 

~,.'2: t ITT -r i} 1i\ ~~ -- ------- - - -- - - - --(??) 

~i:s. ·i'~ ~J ~ tlf ~~8 :,K i_ - - - - - - -- -- - - - -{)4-) 
jg jJf 



lT 

~~:i: t ~ 'l ~ iv\ ~k 7" - - - - - - - -- - - - - - - ~t) 
~~.J5. '1 fa1 -::tj ~ l~\ ~£ ----- --------- -- -- --(42J) 

~~.6. ttl-%_-;,~ 1~ 't ,-B] Ftd -i iP. :;f ~~ ~ - - - - fFb) 
<:~ 4~ 1'~ · -- ----- -- ------------ - ---- - --- (~) .5 . J ~ '\._..) . 

Ft, = ~p 1;;--. . ~~ 1f1-_& * ti_ ~'£ . 
't - ~ . t~\£ 

~\.I t ·ifJ ~4 1J?; l~~J ~ --- -- - - - - - - - -(S-1) 

~1.~ ~ tR~ £1 i,,\; ~~!'ITT t-:- ---- ----- --- -- ------(;4) 

~ :::. ~ -~ ~~l-J:. tfo; ~ ~T :;~ 7~ 1ttt rt~ i ~~ 
~2.1 ~1 ~ ---- --------- -------- - ---------(?1) 

'- ~2,2. * -;{_ i3 i:tJ &'9 ;-:. f3 \iJ ft tt ~ -------------(5"8) 

~:z..>;, :t f ~aV\-R&1f'nSoY\ tt tr\i ~ ~ itl 1-i il it- t ';~ ---(6q 

~~:1-~ J} NYc. l!z ~ ~ t $ tJ ~ l}- 1ft tb~ ~ ~f - - -(75) 

~,_s t i/J t; 1tt R ~~~Wt ':;;- t~tr SJ- ~t ~ it'L t ?.11 
~ t~ Yd9 ~"! :Yv : - - -- -- - -- --- ----- - --- ---(84) 

\""' 1~ ~.0 f;._ ~~Et_ !. u -- ----- ------- - ---(q~) 

Pf; =- fp 17J\ . . 1/<L ~rt 1 ~ l ~"ft 't 
'Ff - ~- 'k~* *'ill ~~ t -f~ ~ \b1 ~ ~ 

~\,tifll-\t_--- ----- - ---------- - ---- --(q5) 

~""~ ~,J ~~ ~ ~ ~ ~ ~Ji n- ~ tt ~- -------(~1) 
~1.~. ~ ~ li_ i 11 ,~1 :n.. B ttJ ft ft -ifil._ - - - - - -- - - - --(10~./ 

\..-- ~I~ - j1 ~ (:]q \"Yl rg rt) ff_ -fl~ ------------(10~) 
S1 ,;. tty-c77~ i1\1 ~ t$ ;-tl ;~.---- -- - --------Q1 1) 

~ ~ ~ . 'k~~~ ~*1 il 1 ~ t l~ ~"4 Px. 1if .t ~t ~ l,1j- ~ 
1~.1jtA LD?>6 '}._ lDt)4-5.b -- -- - -- -------- ------~14-J 

~ Ji 



iT 

- -(It~) 

~'2..? I Sq=lo, 11 y-t_ 1'fL.> - - - - - - - - - - - - - --- (l-i..4-) 

~~+ ~i-Vt - - - - - - - - -1$): - - - - - - -Gu) 
7:F =- -st _ in -tp a in T.1 ;~ il ~11:~ rvfi ~ 
~.' _t&i.f. - - - -- - - - - - - - - - -- -- - - {Ii.~) 

~3.2. t ~11 ~ ~s "ft ~ t;;._ ,;;- "*fr - - - - - -- - - -(12~) 
~?:> k7o. k:o 1~ ~ 1tJ. i\ ~ Ii' i'fr- -- - - - -- -- -~~ t) 
~~~ i-tJ 7'. ¥ ~j lb1 *-5 1>(\i:] -:- - - - - - - - - - - - - --Q41) 

Ptr~ -
1. 5R.C.. IS"Smrn. bP-f-~ M Klo t-.\ 01) -i.. ~ ~ lf!: . - - - - - - -- (14~) 

-L. -t 
l.. ~ ~ 7' i t 'f+ +'i .- - - - - - - - - - - - - --- -(14q) 

;_ l t *. P1j "$- Ii:] 1t 8 ~ . - - - - - - - - - - - - - - (/ ')o) 



r-f' ~ 2'. p t Hf7 -tfJ I~ ( !Ar 1.) 

1< b~1 ~ t tf/~6~ 6\f il iJ i j It i itL 
( \ rjeJ or/ ~eo. s: \,; \; +y 5 +~d 7 of A 

Guti-Lo.~nc~e.cl Av.i:-A:rcrr;o.tt Mi~'>,.(<- ) 



~I ~ ~ 
~ - ~P 1~ itr9 :I_ 1f 1 .-t :t nt ~- :1:- ~ 13- fL 

? ti} ta] ~ i 'tl .. =_J ( SRC) ~ R;:- I~ * * 1ip 1t ri ~o 
~ -tJ -+F- ~ - s Jl rf] 1r'i ~~~ W:; ~ 'B t£7 it-fr 5f 
11l t -t-l it I 1f- A ~ti tt-1- ~ 1-t .t 1-rj ~J, l~ 0 ~ 
ft;- , w SRc. i x_ ~ ~ '~ f<J... 1 tru -!- ~ ,, -$- t_ \i=J 1~ 
~ 11 =1f 7~ i! ~J ~J- +tt- w91.t ~ . 

f.J,._ 60 ~ ~-\ -fl i.~ I SR~ ~1"~ s- l_ ~ ti$ ~ tt t 
~ ~~ ~ (BRL) x-t ;kl/~-1-4- 3f (*-~)ff ~j 3 A -1! w] 

~-tf- 'tG 7 ~i\ ~t., ~ f ej 1iv-: i- '~ ~ {t !t1J -t'- ~ 1£ 1( 
~~{if) 1*7 kv ct, I i'..r --}( ;ii w ~ 1J l~ ~ t £. ~r r~ I~ 

Me 1'91 3f: i! 11 ~ ,~ 6-ff t, , -er HAR'f' "t ~~ c(. 'i. u. 11 . 
n 5f<c (n~ ~v Qt . ~ v. &.. BR L ftJ~ NIAr-rhy. c. H if±.- 11= 7f i1D 

1t~ 3 -Ff- lg~ ft \tJ~ :r_ ~ f .. 
~ 4 i}_ '1;~ 1kt 'fut-* ~-wt. !{] -i ~ ~~~~P pA_ ~ ~I 

l * lfil ~Lt tb_b 1L J. ~ ?>it ~~ lf~ ~ 11 ~~iji't~ ').'t ~i 
1!11 ~ ~~~~( CL9-P) , 'Z ll:f 0-A. 1~ { - i'f rj" 1:t- Vi ~1 
?aS i;.ttJ rt1 ;f:lu a 1J , @ °#,J\. {12 -ti@ ~ {fj t~t ~ ~ .;Y$7 / .it.:1-·fl 

. 6~1~ ,~ "!!I ~1;] f i. i/J 1Rt ~/-} t:f_ !(_ I * 
ti:.~~ ~if! ~I 1- ~t~~, fl ~I 'Z G -tt t.i~ ~-f 
{f_ f * ~~ l ~ ~ 2-4~~1.ut *·}it 0 

5 R(I_ t1J :f t 1f.] HA Rf> ~ t ~ ·J tr, 'q 1 ~ T-17 I It:\ 11'.{ ~ 
~ xj ~<~ ~ ~ 1l i lL-§:- ~'$7 ~ ~J I~1~ o -$- ~ 1~-l 
{ib ~ t,g eff ~ ~iJ 11<tit ~. 



~ - t. ti *t ~ 1f tru~ ~ !JL ~ 
'0/ ~ : 

-:f-~ j_ ~ )l ~ i SRC. i<:j lA i"f ·J:t ~ &_ 1f- ilU -} 

if f/9 b ~ *- >(__ .. ~ ~ {_ ~ i-iJ ~+ -tr} ~ t ifl i 
ti':-~~~~?$ 679 9--v#i?~ 1ft. El t~--11u~1J SJ*~'~\% 
t ~ /U ] 7r oo w~ ~ 1--- ~ sR.c.. 91 ,, ro'9- J!k 1 $- 1r<t ~z_, 

ffi.__ 11~ ~ J ~ ~tu ~ * 1 f 11 ~\17 J}l )(_ ) t ~ I~ 1 t *-il 
~ ~ 1~ ~ J Lf ~ t~ ~ :j 0 

<. _J.' 1? 
Sl. I EI 1'1J' ~ ~ ¥._ 

~l_ -?t!J"_ ·fl -t,t ~ I~ 1l_ ~ 1 f\ tf} ~~ i1- i~ lt. ?_ 1v ~ 
~ ii rt ~ "*--~ j ~ ~ t- if 1LJ 0 ~ i1u ~ ~ -t-.. i7u in it. -f"~ 
n ~ 4j. . 

1fl 1& 't- iTli ,<1'_ ~o k M 'v.f.._ ~ t ( ~ ft, ~ ) f(i:- jc$_ -tj?_ f1r1 
~ ~~ ~~ ~ ~ ~ q Yf iJtt I~ ~U~it* ~ 1 1 o ~id- ~r- tJi 

" 4- ~-tt~ -i\ W':J tn .. r~ 1J l 1 J : 
(I} ~lo Kl-l.\~ 1~4f ~4Ji.~t ~J ; 
(-i) . ~ ~ ~ ~ oo 1 F 1~ ~ 1 t\ ~ ~ 1 ,. 
(~)_ ~ t(ij 1t ~ · 1J- 1h ft ~1- L tf'.;) in-> i-ry ~ 11 Q L 

IE l.1, i. '+-tr~ \b - ~ q~ * (fJ1EL~ I f 1~ 
~ j A I 1- ~"' . ii ]1 ~ i ~ U--k 3-- ~ ~~ 1;t 2 ' 

~ -t-.. tlu tt1J CT_ _;q\ fj 4j -k_ 1~ 1~ \Vg o 

~) ~ ~ I 0 ~. ~ '7E ~ r- ~ rt jL_ 1~ Q i -/J 1 1=. ~ J -
R fTt Isl f,2 f f,r '-If ~ J *- t 1k ft 1 f: ;_ ~ =tt'1 w11. 
j_ '{- ~1 -flL>i-/J 1= 7jj 111 i ~ti' I~ J:_ • f I~ t ~ ~ 
~ -fl 1d. 1'1>1. t .Jl If! I. , 



li1 \, :i, ' \~ ~ {1/:1 -i ;q? ~'f j]_ . 
Jj-~tf v.A..1700 'ft1 ./1, ( ~'3 7S ~ ~l 5 ) ~77 l! ~ b. 

Jg \~ 1; ~T 1- A Jt. 1 ~j Su -ly & Al-._ A '~' ~ 1 ~ 
;rf ~ ~1 ~l~~·I k_G 11- ITI I \il ~& l~ ~ li_ 1t_1t l~ ~l) 
~~ -} ~~ -+ 11 .l ~ g ii 0 1~l -vt --1- ~ 1hr ff[] ~ El 
-;f;~ tID °' * ~ i::, ~ I~ fi t; o 'f fal ~ltl ~ Iv'--_ tr Jk 
~J B ,~, , 4-... F> l~, ~~_.;~¥int~ i'l 1~ i ,,\ ~ ~{. 

~ 4- gr 



iR Ef: ~~ 1q :,0 k}ll , I t- ff:jj -fr- ~t_ttl lit 191J -=fr- ~I rt 0 

i 1.~. ~ ~ &g t1J ff ~ w-1 §- t i.n tfir d-i , 

~ ~f 1J - ~t ift- 1t~ m~, t i7J =f~ k_ ~, -f 
$) *it_ ~ 0 t ~ mi 1fl- T .r?- f.~. jz ~ I - 1lL* 
1'±- eff ~ ~ 'T tp / - \JL l_ ~ '5if 1-t FP fy f 0 1if fro_ ~v j 
- ta i * -L i;p ~ Ff,'] ~ 0 -} ~rfl (;19 ~ f- -ff~ 1il ~ I~ 
1.4-. 

5Rc~~ 1f] -it t- i1ufi~ tt 1t ~ J ~ ~l 1vi t iiJ 

1J ~ t~ (_ ~ ;!jJ i7 t ~j] ~ 1~ 0 ~ fli jJ ~ k ti 
.,,l rn '9- ~ ~~1-i~ n;'9 t 1u L *I (CJCc\r,M)) ) 'L 1?-t 
~(p fJ .}£ ~ lt 1-1 -vX. ITT ~ ~ ~~it~~ t AL ·Jt ~.I 
c CM ( o\ TI M) ) ) ~ ~ i ~ iJ ~ t ~ ij 1t ~ 1tl ~ Jb ~ ~~ 1 ~ fu '1 

- t 11() ~ t ][ ( ( N (C{T, M) ) • ~i 1it pj_ fG ~ ~ 4~} t_ 
~ t; ]Jf 



iT 

~~ ~ j-, -t l ll ( Cet U-1 ' J / 1h fcp Pl!- IV ~ ~i_ fr l!:J­

~~ #_ (Qlg * ~ ~~ ( M ) ~ i ~ , ~ ~~ fg:] t~ !ti/ iJ ~1, 
.i~ ~ _t-t_ C~a (M) S-- ~ «-~ ~ ~ l ~ i yr , ~ 'tf:r 
fCp t~ ~j iJ ~ ~ ~ f ~-; j_~ £- ~ f~1-li !b9 * ~ ~f OA) 

-ti rnr I 5~ ~t ~,~ ~~ n ~~ &- tt ~ ~ $$ . .lz 1~~ ~ 
~ CQ~ (M) L ~ Yll. 0 

- _ii '- p/:" V 11
/'-- L 

1:r 3±: ,\t, , r.ff ~ i..i i:/J 71 Vl9 .;;t -ff---tP -z :£ ~~ 

~ rb # J:: m~ ~~ f_ . cj) . cr-1 , ~ t ~ ~ ::: 11 i -t i~ , 
~ ft_ ~ HT ~ ~7i ?{ ~ iX fi. + !~ 1 . Gi~ ~ ft 3 1-
~ l> m~ l1 MLOJ , Ce~ -l '{? J j fi>'9 ~1 ~ o 



Table-I Total drag coefficient Cd:t<r1:1J 

0 2 4 e 11) 

1.50 o. 754i o.ets 0.%05 1.174 t. 4li6 1.boi 
l. 75 0.61164 0. 7537 0.8923 l. G81 :. 299 1.~ 

2.00 O.M36 0. 6935 o.srncr 0.9'109 1.19 1. 406 
2. SO 0.559 0.5995 o. 7021 0.9441 1. 01 1.193 
3.1}0 0.4956 0.5299 0.6i73 0, T393 0.9832 t.on 
J.50 0.4463 0.416 0.552 0.6587 0.7354 0.9268 
4.00 0.407 O.A332 0. 501)~ O.S9~if ~. 7(f/6 o.aii 
4.50 C.3746 o.~"79 o . ~56 0.5431} 0.6445 o. 7707 

------- -------------·-----------

~ lab~c-~ 7c:c l ~oraQl iorce coeii~c.ent C~Calr,N1 
--------------------------------------------

0 ., .. ~ b s tc) 

tr ----------------- -------------·------------
i.50 0 1. 555 2.9'.52 4.203 5.328 6.~'6 
!. iS I) t .357 2.567 3.66a J. 675 s. b>a 
2.llO I) ' l .180 2.247 3.213 ~ .129 4. 11$7 
2.5C 0 0~11161 1.81 2.01: z.~n ·LI~ 
3. ')0 0 0.79il 1.529 'I ')•~ 

L • :..iw 2,a;s 3.527 
l .51) Q O.b1:il 1.33Z 1. 9:;? " C'"'O 

''""'""' 
.. ~ 
" ' ·' 4.00 0 .011itlS 1.1259 1. 7l'i 2.~5~ 2. JC:f 

4.50 0 ~.5409 l.11 7 ~ I 54~ 2,')j~ 2.534 

•• l Jl: 

Tab le·l Total pitching ao;ent :oeffitient Ca(~1 ~1 
------------- - -----------------------------------

0 2 6 8 lO 

t.5') 0 -1. 7113 -4 • .SOB -7.B!2 -!2.o~a -t7.~4~ 

l. 75 0 -1.692 -4.l!l -7.248 -11.080 -iS.59~ 
2.00 0 -1 .378 -3 .385 -6.005 -9 .221 -1).0P 
2.50 0 -0 .967 -2.4H -4.33~ -b.686 -V.465 
3.00 0 - 1) .695 · l . 783 -3.241 -5 •. 14q -7 . 180 
3.50 0 --0 .SOb -i .34 l -2.463 -~.9~1 -S.606 
4.00 0 -0.35 -0.985 -t. ea1 -~.02! -t. sa4 
4.50 !) ·0.225 -0.699 -1.399 -2.30'i' -3.40a ________ , _____________________________________ 

~ 1 m 
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Table-4 Roll damping coefficient ClpCHl 
L -------- ----------. ------~-------~ 

0.6 0.7 l.S 1.0 2.s 3.0 3.5 . 4.0 
. . I . -------------------

. -~~;,·;;. <,:~~ -62.2 -62.7 -60.9 -51.65 -4S.5 45.6 -45.75 -45.8 
·::;.~ ' • , • I -------------------------------------

+...:...! - - - ... ~ 
.,...: , . 

-·--~-----·----
-----~- -· ;&~ -

Table-5 Pitching damping coefficient C1qa["] 
------------·--- -------------

l.5 1.75 2.0 2.5 3.0 3.5 4.0 4.S 5. 0 

-1279 -962.6 -825.1 -504.4 -228.1 -219.0 -138 .3 -61.8 -s.o 

Tahle-6 Total norial force derivative due to control fin deflection ~CM) 

1.5 · 1. 75 2.0 2.S 3.0 3.5 4.0 4.5 

iT 
- ~ ... U ."57 1a.qs 16.33 12.00 10.62 9.10 7.98 1.11 

Table-7 Rolling i1011ent derivati.Ye due lo control fin deflection Ce}(M) 

1. 5 1. 75 2.0 2.5 3. 0 3.5 4.0 4.5 

-28.92 -25.17 -21.65 -L6. S6 -13.92 -11.89 -10.~0 -9.25 
---€i : -~~~ ~ ~ . --------------------------------

Table-a Total pitching 1011enl due to control Hn deflection C1nt (M) 

1. s 1. 75 2. 0 1.S 3.0 3.S 4. 0 4.S 

64.03 48.82 40.SO 28.~ 21.43 17. 08 14.19 12.12 
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