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1 wxt

`ean

minyd ly zipexhwl` dieexd `id ezxhny h"lfn oepkza wqer df hwiiext

.aiie`d ly m"knd zekxrn ziirhd jxevl

ipkh hxtn 1.1

:oldl ipkh hxtn itl opkez h"lfnd

(F-16) `yep qehnl xeaig wynn

TER(Tripple Ejector Rack i"r F-16 -l mih"lfn 10 ly xeaig �
miihxcphq 14" miqth "r TER-l xeaig �
MIL STD zeyixcl m`zda caekd fkxn �

MIL STD zeyixcl m`zda rwxw iewe migeexn �

xebiy

mideabe mikenp midabn (F-16) `yep qehnn xebiy �

dxwa zkxrnn

-ie`n qehn ienicl zinvr dxwae zpkezn lelqn mr zinepehe` dqih zleki �
yi

zeipy 30 jez lelqnd zepkz �
zewc 30 xiee`a diidy �
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5 `ean .1 wxt

dqih ipezp

10000 � 30000[ft] dqih daeb �
0:95Mach cr xebiy zexidn �

oexnz zleki

miini miliin 1-4 jxe`l 300; 450; 600, ly zeipt :zpkezn mipexnz jldn �
zeipy 12,60,120,180,240,300,360,420 :oexnz ipnf �

oexnz `ll miini miliin 76 ly iaxin geeh �

m"kn znizg

izin` axw qehn ziincdl ziaiqt/ziaihw` dnizg zxabd �

iaxin lwyn

100[lb] �

zeizwefgz

zeipy 15 jez zepiwz zwica �

dzigp zleki

oi` �

dxhn xign

izxciq xeviia 'gil 20000$ �



6 `ean .1 wxt

gecd okez 1.2

:mi`ad mi`yepa miwqery miwlg likn df g"ec

m"kn znizg ly dxabd irvn` zxiga .1

dpand ly wfeg gezipe ipan htqpew .2

miitpk zgizt ly oepbpne dxev .3

dxwa 'rnl xeyknd zxigae dxwad zkxrn oepkz .4

miinpicexiee` mincwn aeyig .5

xeviie oepkz zeielr gezip .6

ly oey`x xhqnq ly g"eca miriteny mi`ad mi`yep likn epi` df gec

:hwiiextd

zexevz xwq .1

zekxrn ly ipey`x mewne zixzne`ib dxev zriaw .2

apf ighyne spk ly miinpicexiee` militext zriaw .3

repn zxiga .4

`yep qehnl diilz zhiy .5

rwxw igeexne diilz igeexn .6

dxdpn mbc oepkz .7

dcear zhiy 1.3

-de zeniiw zexevz xwqa ligzd `yep lk jenp xignl zixwir dyixc awr

.zeitivtq zeyixcl miaexw/mini`znd miniiw mixven ly zexevz lr qqazd

:weya zeniiw zekxrn eply h"lfna aeliyl exgap mi`ad mixwna

MP-2000 ihnehe` qiih mr zaleyn dxwa zkxrn .1

miniiw mirepn od eply h"lfnl repnd ly zeigkepd zeivte`d zyely .2

weya



7 `ean .1 wxt

ly zixhne`ib dxevzl dnec dxev dlawzdp zixhne`ib dxevz zxiga jldna

.zixiee` xbeyn `ed mb Teledyne Ryan zxag zxvezn MALD miiw hlfn

seb ly wfeg zwica :dnbecl) zeihilp` zehiy epaliy hwiiextd jldna

-inpicexiee` mixhnxt aeyige spkd ly wfeg iaeyig) zeixnep zehiye (h"lfnd

.(mi

hwiiext ly mipey miaikxn ly zeielr zkxrd eprvia hwiiextd meiqa

-xtd dgpn ly miiw oeiqip jnq lre DAPCA-IV zixitn` dhiy :zehiy izya

.2500$-k epid xiaq dxhn xigny d`xp df alya .hwiie



2 wxt

dpand ly wfeg gezipe ipan htqpew

htvpewd z` yabp mzxfra xy` migpnd mieewd z` dxvwa bivp df wxta

:miwlg ipyl wlgzi gezipd .dpand ly wfeg gezip jez UAV 2000 ly ipand

h"lfnd seb ly (zihilp` dxeva) wfeg gezipe ipan okz .1

miiteq mihpnl` zxfra spkd ly wfeg gezip .2

h"lfnd seb 2.1

h"lfnd ly lirend orhnd z` z`yl dpey`xae y`xa crein h"lfnd dpan

migztznd miqnera z`yle zipevig dxev zzl `id dpand zxhn .eilr obdl oaenke

:migpn zepexwr reawl yi eavedy zeyixcd z` rval zpn lr .qehnd lr

il`ici`d dpande xzeia wfgd dpan `ed sivx dpan recik dpand zetivx �
jxhvp okl ,ixyt` izla df la` ,migzt `ll miitpk mr lilb `ed epzpigan

.miitpk ivixgae migzta zeietivx i` lr idylk jxca zetkl

yi la` ,miqnera cenrl `id dpand lr dwfgd dyixcd dpand zehyt �
lwd dpand ik dcaer zxfbp dfn .lw zeidl aiig dpand ik dcaerd lr xenyl

.mixzein dtitg irhwe mixzein miwefig `ll xzeia heytd dpand `ed xzeia

,skd lr migpend mc` iig oi` ik dcaerd awr dpand ly oegha incwn �
.lwyna jeqgl lkep jke ce`n mikenp oegha incwn yexcp ep`

ik dcaerdn d`vezk .rwxw letiha gep zeidl h"lfnd lr dpand zwefgz �
:migzt ipy epl miwitqn ,shey letih jxev oi`e (inrt cg) dlkzn ilk `ed ilkd

('eke mewin) dqih ipezp zpfd gzt .1

.wlc lkinl gzt .2

8



9 dpand ly wfeg gezipe ipan htqpew .2 wxt

h"lfnd ly ipan htqpew 2.1.1

dl`k milewiy jez mcewd xhqnqa xgap iy`xd dpand ly illkd htqpewd

ilnihte` ikd dpand edfy iptn ,ililb dpan mr zkll ephlgd .mixg` e`

.eply mikxvl

dpap miitpka wlcd oeqk`a jxev oi`y llbae miitpkd ly zephwd zecind awr

zecewp zrici jezn eyrii miwefig iaeyig .iaay ceair zehiya cg` wlg mze`

inewn gt iaer m` okl mcew epievy migztd od el` zecewp .sebd ly dtxez

lr mivivg etqeii .miwefig siqedl jxhvp miqnera z`yl zpn lr witqi epi`

yeniy ,dyixca cner gtd iaer m` elit` - zthrnd ly dqixw repnl zpn

mewnn d`iyp) rwxwd lr h"lfna letih zra zthrn zqixw rpni mivivga

.('eke qehnd lr h"lfnd zpirh ,mewnl

qehnd seba mivivgd oepkz

zecewpa sebd wefige zthrnd ly dqixw zpkqn raep mivivg ztqeda jxev

ipyne migztd iccv ipyn) mivivgd mewin z` reawl yi lk ziy`x .dtxez

.spkd uixg ly iccv

dtitk hpnen aeyig

mihpnenle zegekl aexiw jezn sebd lr milretd dtitkd ihpnen z` `vnp

miikp`d zegekd md xzeia milecbd zegekd .qehnd ly ikp` xeyina milretd

gipfdl ozip .caekd geke apfd lr ielir gek ,spkd lr ielir gek :qehnd jxe`l

.qehnd ly jxe`d xiv aiaq dphwd rexfd awr sgce xxbd gek z`

ly caekd fkxn mewina ode ilkd ly dqihd ii`pza od mielz mihpnene zegekd

h"lfnd iaikx ly divxebitpewd jezn xfbp caekd fkxn mewiny llba .qehnd

fkxn ly dfefz awr mihpnend jldna iepiy wecal jxev epyi (mewna mireaw)

.wlcd lkin ly zepwexzdn zraepd caekd

.qehnd xiv jxe`l zegekd belit z` x`zp



10 dpand ly wfeg gezipe ipan htqpew .2 wxt

mg

X X

X
t c

ac

x

L

y

:mihpnene zegek xear n"y ze`eeyn dpap

(2.1)

:mixef`d zyely xear mihpnend belit

(2.2)

.enewin z`e ilniqwnd hpnend z` `evnl ozip mirecid mikxrd zavda

gta gztzny un`nd .miitpkd xef`a gztzi iaxind hpnend ik ygpl ozip



11 dpand ly wfeg gezipe ipan htqpew .2 wxt

:dtitk hpnen awr

(2.3)

ilniqwnd dtitkd hpnen - Mmax(x)

gtd oial qehnd xiv oia ilniqwn wgxn - ymax

jzgd ghy ly divxpi` hpnen - I

xearl `l `id eply dxhnd .ilniqwnd un`nd z` lawl ozip ef dgqep jezn

-bd e` divxpi`d hpnen ly mixhnxtd ly iepiy i"r okl xzend un`nd z`

dcy reci .mivn`nd ly xzend megza x`yidl lkep envr divxpi` hpnen zlc

mixef` mpyi okle (dpzyn dtitk hpnen) sebd jxe`l reaw epi` dtitk ivn`n

.miwefig ekxhvi `ly

otec iaer aeyig

(2.4)



12 dpand ly wfeg gezipe ipan htqpew .2 wxt

Figure 2.1:

Bending Moment Vs. Length of UAV



13 dpand ly wfeg gezipe ipan htqpew .2 wxt

(2.5)

Figure 2.2: Bending stress Vs. Thickness of the skin

Stress for the desired thickness :

Allowed stress for aluminum :
(2.6)

This equation �nds the minimum thickness of the skin:



14 dpand ly wfeg gezipe ipan htqpew .2 wxt

(2.7)

Given :

Guess value for the program :

Minimal thickness of the skin :

zepwqn

mpi` ilkd lr migztznd miqnerd ik ze`xl mileki ep` l"pd ze`vezd jezn

1:5mm .rwxw letih xyt`i df iaer .xzend ilniqwnd un`nl miaxwzn

:migzt ipy etqei .mitqep miwefiga jxev oi` `ed rvend iaerd

.mipezp zpfd gzt(1

.migztd lr miwefiga jxev oi` .wlc lkin ielinl gzt(2

d`vezd .migztd zenewn erawp `l ,ziteq dxevz oiicr oi` ik dcaerd awr

a miwegx ep` migztznd miqnera ditly iptn ,eppira dceyg `id zlawznd

.aeyig zerh d`vnp `l j` ,ipeibd `l dfe xzend un`ndn lceb ixcq 2

miiniptd miaikxd ly divlhqpi` 2.1.2

miitpk zgizt oepbpn .(xyt`d lkk) ilkd dvwa repnd mwen oey`xd alya

xg`l mwen dwipeie`d `z .spk mr xeaig zecewpa ,el creind mewna epny



15 dpand ly wfeg gezipe ipan htqpew .2 wxt

.ililbd sebd mr RADOME ly xeaigd

:cv han



16 dpand ly wfeg gezipe ipan htqpew .2 wxt

:lr han

wlc lkin

.wlc b"w 14-k mikixv ep` diidy zewc 30 xear

(2.8)

,n"n 5.37 ,ilkd ly inipt qeicxk qeicxa lilb gwip cala dnbcdd jxevl

:ekxe` z` aygpe

(2.9)

,iniptd lilbd ly ieptd gtpd z` mipihwn miiniptd miaikxd eply dxwna

epzrvd .b"w 14:25 oqk`l lkepy zpn lr ixyt` gtp lka ynzydl yi okle

ipyn wlcd lkin z` aikxdl mirivn ep` xeviia iyew awr :`id wlc lkinl

.miwlg



17 dpand ly wfeg gezipe ipan htqpew .2 wxt

:cv han

:lr han



18 dpand ly wfeg gezipe ipan htqpew .2 wxt

:mipt han

: A han

.qpekd xepivn raepd lknd jeza xegd zxev z` xiaqdl `a oexg` jzg

ynzydl hlged .yleyn zxeva gtp zwlg zexi`yn xebqd mavna miitpk

z` dpap m` ik ze`xl ozip l"pd mihehxyd jezn .lknd jxevl df gtpa mb

wecal epiqip .dqih zewc 30-l witqnd wlc oqk`l ozip ef dxeva wlcd lkin

m` wxe m` ixyt` xacd j` ,revial zpzip diidy zewc 35 ly zexyt` m`d

ewa oneqn diidy zewc 35 ly wlc lkin seq .dwipeie` `z `ll hrnk x`yip

lkin xeviil zipkh dira zniiw `l m` .miiniptd miaikxd ly mihehxya cexe

.zkxrnd z` jaqle ,miwlg ipyn ezepal daiq mey oi` if` cg` wlgk

zepwqn

ly llekd lwynd zivgnk oqk`i wlg lk xy`k,miwlg ipyn akxei wlc lkin

,milknd oia rbn ghy epyi .lknd xear n"n 1 ly gtd iaer oeayga gwlp .wlcd

lr ziteqd ezakxdae lknd xeviia iyew lk oi` m` .mpia xeaig xyt`i xacd

zrvend dxevzd .zkxrnd z` hyti xacd .dyrii jk if` cg` wlgk h"lfnd

zelabn awr gilvd `l diidyd onf z` licbdl oeiqip .dqih zewc 30 dgihan

.zeixhne`ib



19 dpand ly wfeg gezipe ipan htqpew .2 wxt

.miiteq mihpnl` zhiya spk dpan zfilp` 2.2

ihxe`iz rwx 2.2.1

`ean

zkxrnd zebdpzd ly ihxwqic aexiw wtql ick zynyn miiteq mihpnl` zhiy

zekxrnl 'uix-iliix zhiy ly meyii `id miiteq mihpnl` zhiy .dtivxd

-xgap dfefz zeivwpet .miihxwqic mihpnl` ly iteq xtqnl zewlegn zetivx

.mihpnl`d oia zetivxe miixhne`ib leab i`pz zewtqn ody ,jk ze

dhiyd xe`z

.(� : a > � > 0) zinewn dhpicxe`ew xicbp .hpnl`d jxe` zeidl a rawp

ly yteg zebxc zebivn u1; u2; ::; uk m` ,f` .hpnl`d zfefz bivdl u(�; t) rawp
:hpnl`d

(2.10) u(�; t) =
kX
1

�i(�) � ui(t)

zayegn hpnl`d ly zil`ivphet dibxp` .dxev zeivwpet `id �i(�) -y dti`

:dxevdn `ide zefefzl 1.1 dgqepd i"r

(2.11) V =
1

2
� uT � k � u

zegiyw zvixhn e` zinewn zegiyw zvixhn `id k-e u = [u1; u2; ::; uk]
T xy`k

.hpnl` ly

:`ide 1.1 dgqep zxfra zayegn hpnl` ly zihpiw dibxp`

(2.12) T =
1

2
� (du
dt
)T �m � du

dt

xtqn .hpnl` ly zeqn zvixhn e` zinewn zeqn zvixhn `id m xy`k

xtqn letk mihpnl`d 'qnl deeyy n `ed iteq hpnl`a yteg zebxc ly illk

.miixhne`ib leab i`pz xtqn zegt hpnl`l yteg zebxc

zefefz bivn U1; U2; ::; Un xy`k U = [U1; U2; ::; Un]
T ilaelb zefefz xehwe xicbp

:`id dlek zkxrn ly zillk zil`ivphet dibxp` .zeitivtq `l lcen

(2.13) V =
1

2
� (U)T �K � U



20 dpand ly wfeg gezipe ipan htqpew .2 wxt

ly dni`zn dakxd i"r zlawznd ,zilaelb zegiyw zvixhn `id K xy`k

.zeilwel zegiyw zevixhn

:`id dlek zkxrnd ly zihpiw dibxp`

(2.14) T =
1

2
� (dU
dt

)T �M � dU
dt

-xhn ly dni`zn dakxd i"r zlawznd ,zilaelb zeqn zvixhn `idM xy`k

.zeilwel zeqn zevi

:`id zkxrnd zebdpzd ly zil`ivpxticd d`eeynd

(2.15) M � d
2U

dt2
+K � U = 0

zhiy zxfra lawzn micen zexeve zeirah zeiexiczl miiteq mihpnl` aexiw

.miireaix miyxey

,M�1K ly (�) miinvr mikxr ly miireaix miyxey od zeirah zeiexicz ,okl

.mdly miinvr mixehwen zegzetn micen zexeve

(2.16) � =M�1 �K

:`id zirah zexicze

(2.17) ! =
p
�

:zevle`n zecepz

i"r ziyrpd zil`ehxie dcear f` ,zkxrn lr lrtend ipevig gek `ed F (x; t) m`
:`id zeilaelb zefefza miiepiy awr ipevig gek

(2.18)
ÆW =

R a
0 F (x; t) � Æu(x)dx

ÆW =
Pn

i=1 fi(t) � ÆUi

zeaxewnd zeil`ivpxticd ze`eeynd z` aezkl ozip 'fpxbl ze`eeyn zxfra

:dxeva

(2.19) M � d
2U

dt2
+K � U = F



21 dpand ly wfeg gezipe ipan htqpew .2 wxt

.F = [f1; f2; :::; fn]T xy`k

:miiteq mihpnl` zhiy ly dnixf miyxz

dirad xe`z

dkxrp dqih i`pza (`ln meipinel` dieyr) qehnd spk zebdpzd wecal ick

epynzyd aeyig ilk xeza .miiteq mihpnl` zhiy zxfra spkd dpan zfilp`

.Nastran dpkeza

xtqnl ixewnd sebd z` wlgl yi zefefze mivn`n aygl lkez dpkezy zpn lr

-l`l zwlegnd spkd zixhne`ib .(miznv 5000 -k ) miphw mihpnl` ly iteq



22 dpand ly wfeg gezipe ipan htqpew .2 wxt

:`ad xei`a zx`ezn miiteq mihpn

:lr han



23 dpand ly wfeg gezipe ipan htqpew .2 wxt

:cv hanne

:m`zn sqed spkl letiw zkxrnl spkd z` xagl zpn lr



24 dpand ly wfeg gezipe ipan htqpew .2 wxt

:m`zn mr cgia spk zx`ezn `ad xei`a

.h"lfnd lr elrtiy divxpi`e ielird zegek z` dncnd gka qnred spkd lcen

,(3g i`pzae ,miitpk 2-l zwlegn ,sebd zqn) b"w 75 i"r oezp spkd lr ielir gek

belit z` mincny spkd xzin raxa milrtend miihxwqic zegek 9-a wlegnd

:spkd zhen jxe`l izin`d ielird
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25 dpand ly wfeg gezipe ipan htqpew .2 wxt

ly "Theory of wing sections" lr jnzqda ayegn miihxwqicd zegekd belit

.I.H.Abbott

xcbed xiv ly mewna .miitpkd zgizt oepbpn ly xiv xeaig mibivn leab i`pz

i`pzl wtqn aexiw ozep dfe , dpezgze dpeilr dty lr zecewp dnka mezix

:oezpd spkd ly dty



26 dpand ly wfeg gezipe ipan htqpew .2 wxt

dfilp`d ly ze`vez gezip 2.2.2

mi`ad mixei`a .zipkezd zvxd ixg` zelawznd ze`vezd zebven jynda

:spkd ly driwyd zxev zbven

units� [mm]

units� [mm]

.6:9mm `id ziaxn driwy



27 dpand ly wfeg gezipe ipan htqpew .2 wxt

:spka migztznd miiaxn miiy`x mivn`n mibivn mi`ad mixei`d

units� [
Kg

mm2
]

units� [
Kg

mm2
]



28 dpand ly wfeg gezipe ipan htqpew .2 wxt

units� [
Kg

mm2
]

dty lr ,xivd xeaig ly mewna migztznd miiaxnd mivn`nd ik mi`ex

dty lr xy`k ,dgizn ivn`n df dpezgz dty lr ,ok enk .dpeilre dpezgz

raep d`xpk spkd dvwa 8:93 Kg

mm2 ly lceba un`nd .dvigl ivn`n dpezgz

.oexztd ly ihnznd eite`n

:spka migztznd mixrfn miiy`x mivn`n mibivn mi`ad mixei`d

units� [
Kg

mm2
]



29 dpand ly wfeg gezipe ipan htqpew .2 wxt

.spkd zqitz ly mewna miiaxnd mivn`nd z` mi`ex

.spka miayegnd qqin oee ivn`n mibven mi`ad mixei`d ipya

units� [
Kg

mm2
]

units� [
Kg

mm2
]



30 dpand ly wfeg gezipe ipan htqpew .2 wxt

units� [
Kg

mm2
]

.xiv ly xef`a migztzn miiaxnd mivn`nd ok mb

ly dripk un`n lr dlerd un`n lawzd `l spkd ly mewn meyay oiivl aeyg

lawzn elit`e 25[ Kg

mm2 ] `edy (xzeia "dylg"d) 0001 zxcqn meipinel` zbeqbq

.2:5 lceba oegha mcwn



3 wxt

miitpkd xeaig zxev

-icr `a df xe`iz .h"lfnd seb l` miitpkd xeaig ote` z` mibcdl df wxt zxhn

seb jeza mi`vnpd mixiv/xiv lr milrety miitivtq mivn`nl zeqgizd `ll oi

miyxcpy mipexnizd ite`a eaygzie cxtp wlga ehxeti `l` miaeyig .h"lfnd

.ipkhd hxtna excbedy itk h"lfndn

.sebl spkd xeaigl zeiexyt` izy exgap

ixiv-cg xeaig 3.1

ipy zervn`a miitpk ly xeaig zx`zn (1 'qn miyxz d`x) dpey`x divte`

xhewl deey dfk bl lk ly ipevig xhew. bl zxfra xivl zxaegn spk lk .mixiv

dler miqner iaeyign .n'n 20 deey xiv lk ly xhew df miyxza .xiv ly

dxifb llba mixivd oelykn yyg epl didi `ly ick zewitqn od dl` zeciny

.dkirn e`

ixiv-ec xeaig 3.2

cg` xiva miitpkd izy ly xeaig zllek (2 'qn miyxz d`x)diipy divte`

dar zeidl jixv xivd dfk dxwnay xexa .miqnerd lk miltep eilr cala

.n"n 30 � 35 oia zeidl jixv xivd ly exhewy raep miqner iaeyig itl.xzei

miitpkd xeaig zehiy ly zepexqge zepexzi 3.3

zeiexyt`d izyn zg` zxigaa zepexqge zepexzi epl yi

31



32 miitpkd xeaig zxev .3 wxt

ixiv-cg xeaig :3.1 xei`

:mixiv ipy zrvn`a xeaig .1

z`f zexyt` ly zepexzi

.mixivd ipy lr ivg-ivg ewlgzi spkd jxe`l migztznd mivn`n (`)

.(zeixhniq) zenec od miitpkd izy (a)

.miitpk ly xevil xneg xzei fafal jxhvp :oexqg

gtp ,xnega oekqg :ixiv-ec xeaig ly oexzi :cg` xiv zervn`a xeaig .2

oeeikn - dler xeviidzeikeaiq :oexqg .lwynd zphwde oepbpnd i"r qtzpd

.miitpkd izy oia dixhniq xzei oi` dipyd jez l` zqpkp zg` spky



33 miitpkd xeaig zxev .3 wxt

ixiv-ec xeaig :3.2 xei`

dpwqn 3.4

dxwna xzei aeh `ed ixiv-ec xeaigyy dpkqnl eprbd l"pd milewiyd xe`l

.miitpkd xedig zxevk ea xgap okl eply



34 miitpkd xeaig zxev .3 wxt

spkd xeaig ote` ly xe`z 3.5

:spkd zgizt zxevl zeixyt` zeivte` izy eid epiptl

zg` xiv mr zxaegnd spk .1

mixiv ipy mr zxaegnd spk .2

divte`d zne`l dvegd h"lfnd seb jeza migztp miitpkd el`d zeivte`d izya

-azd dgiztd jildze sebd lr zecenv eid xebq avna miitpkd da xy` ztqepd

mipey`xd mialya dlqtp ef divte` .dlrnl dhnln miitpkd zgizt ici lr rv

xevii zpigan mbe ipkn okz zpigan mb revial ce`n dyw dpid ik oekizd ly

ef xeaig zxev ik yyg - `id ef divte` dlqtp dllbay ztqepd daiqd .shey

.h"lfnd seb lr spk xeaig zcewpa migztznd mivn`nd zgz cnrn wifgz `l

(ixiv-ec xeaige ixiv-cg xeaig) zexzepd zeivte`d izy oia d`eeyd oldl

spkd xeaig ly zeivte` izy oia d`eeyd 3.5.1

zeivte`d izy xear spkd xeaig ote` z` ze`xl ozip mi`ad miniyxzd ipya

.4-1 miniyxza ze`xl ozip xe`zd zd .)zegezte zxebq miitpk(

miitpkd ,ixiv-cg xeaig :3.4 xei`

zegezt

miitpkd ,ixiv-cg xeaig :3.3 xei`

zexebq

reawl dzid elld zeivte`d izy oia d`eeyde gezip ly zixwird dxhnd

:ze`ad zeyixcd izya zecner od m`d



35 miitpkd xeaig zxev .3 wxt

miitpkd ,ixiv-ec xeaig :3.6 xei`

zegezt

miitpkd ,ixiv-ec xeaig :3.5 xei`

zexebq

-pd izy oia n"n 375 ly wgxnl cr miitpkd zxibq ly ueli`a zecinr .1

.zewegxd zecew

xeviie okz zelw .2

gezip .dpey`xd dyixca zecner zeivte`d izy ik rawp winrn gezip ixg`

ixiv-cg xeaig lr sicr ixiv-ecd miitpk xeaig ly divte` ik d`xd sqep ly

:zeaiq xtqnn

revial miyw md ,blfn spk ,ixiv-cg xeaig xear dipy spk okze xevii .1

fekixl `iadl leki ,blfn spk ,ixiv-cg xeaig xear dipy spka zepit ieaix .2

spkd lykl `iadl jk ici lre elld zepita mivn`n

xear xy`n xzei lecb xhewa xeaig xiv zqpkd yxec ixiv-cg xeaig .3

zxard zcewpa lecb xzei gcwa jxev epyi jk itle zixiv-ecd divte`

`iadl jci`ne miitpkd zeylgdl `iadl leki df xac .miitpkd jeza xivd

dqihd ick jez migztznd miqnerd zgz miitpkd izy lykl

gked xebiy mexz avna miitpkd zlirp oepbpn ly ipey`x okz ick jez .4

mewn awr ccea xiv zlra dxevz xear df oepbpn ly okza iyew epyi ik

.dlirpd oepbpnl xzepy laben



36 miitpkd xeaig zxev .3 wxt

mekiq 3.5.2

xeaig zxev `id epilr dticrd xeaigd zxev ik ephlgd ozip milewiyd jezn

.xeaig ixiv ipy zlra

ixiv-ecd xeaig ly hxetn xe`z 3.6

-niyxza ze`xl ozip mixiv ipy zxfra miitpkd xeaig ote` ly hxetnd xe`z z`

5 � 8 mi

miitpkd ,ixiv-ec xeaig :3.8 xei`

zexebq

miitpkd ,ixiv-ec xeaig :3.7 xei`

zexebq

ixiv-ec xeaig - spkd xeaig iqner aeyig 3.6.1

migztznd miqner ly axewn aeyiga jxev did xeaigd zebdpzd gezip jxevl

:zegpd xtqna zeaygzd mr dyrp df xac .xivl dxeaig zcewpa ,spkd yxeya

n"n 100 ly rvenn xzin zlra dlibx spkl dznec dxeg` dkeynd spk .1

xeaig zcewpn n"n 546:24 ly jxe`e

dheyt zipaln dxewl spk ziincd dzyrp miaeyigd jxevl .2

zayei spkde n"n 76 ly jxe`a epid zxagzn spkd eilry aeaiq xiv .3

iaer zxekfz) n"n 30 epid xivd jxe` spkd ly cv lkny jk xivd fkxna

(n"n 16 jxra epid spkd



37 miitpkd xeaig zxev .3 wxt

miitpkd ,ixiv-ec xeaig :3.10 xei`

zegezt
miitpkd ,ixiv-ec xeaig :3.9 xei`

zegezt

n"n 5 - n lgd milrete cig` mibletn zegek md divw`ixd zegek izy .4

.xivd dvwl cr spkdn

:`ad miyxza ze`xl ozip spkd ly ihnkq xe`z

:zeipkh zegpd

dwlgd iaqin md miaqind lk .1

100 � 106[Nt=m2] ly dripk unrn :PH15 � 5 xneg ieyr spkd xiv .2

855 � 106[Nt=m2] ly dripk un`n :SAE4340 xnegn dieyr xivd zayez .3



38 miitpkd xeaig zxev .3 wxt

(miaeyigd jxevl dgpd) oihelgl ilxbhpi` seb mieedn spkde xeaig xiv .4

:mi`ad miniyxza ze`xl ozip xivd zayezl xivd xeaig ote` z`

lr lretd hpnend z` `evnl epkxhvp spkd yxeya miqnerd z`ivn jxevl

.50lbf ly bletn gek dilr zlrtd zeawra spkd

`ed spkd yxeya lretd ilniqwnd hpnend ik lawzde dyrp df aeyiga

zelawznd ze`vezd z` .n = 6 `id qnerd zxtq xy`k ,M = 391:16[Nt m]
(16 cr 11 miniyxz) migtqpa zitxb dxeva mb ze`xl ozip

moments :3.12 xei` moments :3.11 xei`



39 miitpkd xeaig zxev .3 wxt

moments :3.14 xei` moments :3.13 xei`

moments :3.16 xei` moments :3.15 xei`

zeyrl ozip spkd yxeya gztznd ilniqwnd hpnend z` ep`vn xy`k zrk

zegek izy z` `evnl icka (spkd yxey) O dcewp aiaq mihpnen z`eeyd

:itl R2 -e R1 divw`ixd

(3.1)

P
M0 = 0

M1 � (R1 +R2) cot 17:5 � 10�3 = 0

R1 = R2 = [M1 = 391:6NT m] = M1

2�17:5�10�3



40 miitpkd xeaig zxev .3 wxt

divw`ixd gek fekix zcewpl cr O dcewpn wgxn epid n"n 17:5 jxrd xy`k

:ik milawn ilniqwnd hpnend jxr z` miaivny ixg` .R2 e` R1

(3.2) R1 = R2 = 11:176KNt m

wecal jixv divw`ix gek mb o`kne spkd yxeya gztznd hpnen epl yie oeeikn

.xivd zayez jeza ayeid wlga spkd ly xeaigd xiv lr dkirn yi m`d

(3.3) P =
F

A
=

R1

0:25 � 0:25 = 17:882MPa < 110MPa

:xy`k

xivd xhew oial xivd wlg jxe` oia dltkn `edy dkirn ghy - A

hpnend awr df xiv wlga dkirn zgztzn `l ik ze`xl ozip df aeyig itl

xnege oeeikn ik cibdl ozip jkl sqepa .(divw`ix gek) spkd yxeya lretd

ly dkirn gztzz `l ,envr xiv xneg xy`n wfg xzei `ed xivd zayez

.(divw`ix gek) spkd yxeya hpnend zlert awr zayezd



41 miitpkd xeaig zxev .3 wxt

eiaikxn cg` ,dzgizt ick jez spkd lr gztznd dxev xxb gek miiwe oeeikn

okl .spkd ly xeaigd xiv zxifbl mexbl leki gek .spkd jxe`l il`iqw` gek `ed

xear gztznd dxifbd un`n ly aeyig dyrp dxew `l df xac ik ze`ceel ick

zpkez ici lr ayeg spkd lr gztznd xxbd gek :dxrd .zepey dtwzd zeieef

:md aeyig ly ze`vez .Matlab

:itl dxifb un`n aeyig dyrp el` ze`vezl jnzqda

(3.4) P =
Paxial

A
=
Paxial

�r2
=

Paxial

4:9087 � 104

:ze`ad ze`vez milawn zepey zeieef xear zegekdn cg` lk zavd ixg`

zeieefa migztznd dxifbd ivn`n lk zeiaeyig ze`vezd ze`xl ozipy enk

ly dripkd un`n `edy ,110Mpa xy`n daxda miphw md zepey dtwzd

.xiva dkirnl e` dxifbl yyg oi` :dpwqn .xivd ieyr epnn xnegd

spkd lr bltznd xxbd gek aeyig 3.6.2

dxifbd un`n aeyig jxevl ewlga uegp did df aeyig mcewd sirqa epi`xy enk

.(miyxz d`x) spkd ly x xiv jxe`l lrety xxb `ed df xxb .spkd aeaiq xiv lr

ly df aikx .(y xiv) spkl avipa lretd xxbd jxr edn mb zrcl jixv dfl sqepa

miitpkd z` geztl zpn lr lirtdl jxhvp xy` gek z`ivn myl uegp xxbd gek

.)h"lfnd sebn zelrn 45( d`ln dgiztl cr) zexebq miitpkd( xebiy mexh avnn

:mde xxb iaikx ipy wx oeayga egwlp df sirqa

xedh dxev xxb .1



42 miitpkd xeaig zxev .3 wxt

dtwzd zieefa ielir gek awr lawznd xxb .2

jkl xaqd .dnixfd z` d`ex spkd ji` lk mcew oiadl jixv l"pd aeyig jxevl

:mi`ad miniyxz xtqna ze`xl ozip

dliawne zavipd zexidnl dnixfd zexidn belit z` ze`xl ozip df miyxza

gek ayegi liawnd aikx jxce dxev xxb ayegi avipd aikx jxc xy`k .spkl

xxbd aikxe dtwzd zieefa mb aygzdl jixv la` .xeaigd xiv lr lrety ixivd

:okle dpnn raepd

:`id "d`ex" spkd xy` zexidnd xear iteqd iehiad ik ze`xl ozip o`kn

(3.5) V = V sin� cos�



43 miitpkd xeaig zxev .3 wxt

cr onfd lk dpzyn (spkd zgizt zieef) dtwzd zieef znerl ik oiivl jixv o`k

did el` xxb iaeyig jxevl .h"lfnd sebn zelrn 45 ,seqd cr zgztp spkd xy`

elrted ef dve`z z`ivn jxevl .spkd gztp day zizieef dve`z idn zrcl jxev

:ceqii zegpd xtqn

zieefe zizieef zexidn oi` `"f ,dfefz qt`a `vnp spkd izlgzd avna .1

zelrn 5 dpid zizlgzd

onfd mr dreaw dpid zizieef dve`z .2

dyrp ef dgpd jezn .0:1 rad
s2

ly jxra zizieef dve`z ly zizlgzd dgpd dzyrp

:d`ad dxeva zil`ivpxtic d`eeyn ly heyt yehit

(3.6)

�� = 0:1
_� = 0:1t+A

� = 0:1t2 +At+B

dlgzda zizieef zexidne zelrn 5 zizlgzd zieef ,dlgzdd i`pz lk zavd ixg`

:d`ad d`eeyn dlawzd ,qt`l deeyd

(3.7) � = 0:1t2 + �0 = 0:1t2 +
5�

180
=

45�

180

reawl eitle gztidl miitpkl gwely onf edn `evnl zrk ozip ef d`eeyn jezn

iteq meyix .`ly e` eply zeyixcl dni`zn dlgzda epgpdy dve`zd m`d

:ozep l"pd d`eeynd ly

(3.8) t =

s
� � theta0

0:1
= 2:64s

okle icn lecb `ed epgpd xy` zizieefd dve`z xear lawznd onfd ik mi`ex

.zeyixca cenri lawznd onfdy cr xzei cer dve`zd z` licbdl jixv

`id eply zeyixcd z` zn`ezd dve`zd ik `vnp zeivxhi` xtqn revia ixg`

mexh avnn miitpkd zgiztl dipy 0:484 ly onf zpzep ef dve`z xy`k ,3 rad
s2

miniyxza ze`xl xxbd gek iaikx ipy ly ze`vezd z` .`ln gezt avnl xebiy

.18 ,17 'qn



44 miitpkd xeaig zxev .3 wxt

xxbd gk :3.18 xei` xxbd gk :3.17 xei`

miitpk zgizt oepbpn 3.7

zkxrn efi` xegal jixv zizieefd dve`zde xxbd gek ly aeyig dyrpy ixg`

:eid zkxrndn zeyixcd xy`k ,miitpkd zgizt lr zi`xg` didz

xvw onf jez miitpkd zgizt .1

ipend xeviil lefe heyt dgizt oepbpn .2

O� the Shelf miwlg md oepbpnd iwlg lk .3

.uitw - xzeia dheytd zipkn zkxrn epxga ef zkxrn xeza

:xy`k df beqn zekxrn dyely zex`ezn (19�21) mi`ad miniyxzd zyelya

uitwa mdpia mixaegn miitpkd ipy A zkxrna

ipeyd xy`k ,spkl zcbepnd otecl uitw mr mixaegn miitpkd C-e B zekxrna

zieefa wxe j` did odpia

.h"lfnd ly jxe`d xiv oial uitwd ly jxe` xiv

gezt avnl xebq avnn spkd zgiztl uitwd gek aeyig 3.7.1

znieqn dcewp aiaq dxew ly aeaiq zx`znd d`eeyn zxfra dyrp df aeyig

.dilr milretd zegek mpyie znieqn zizieef dve`z dl yi xy`k

(3.9) I �� =
X

M0
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letiw :3.21 xei`

C zkxrn :miitpk
letiw :3.20 xei`

B zkxrn :miitpk
letiw :3.19 xei`

A zkxrn :miitpk

:xy`k

)spk eply dxwna( dxewd ly divxpi` hpnen - I

)spk eply dxwna( dxewd ly zizieef dve`z - ��
aeaiq zcewp aiaq mihpnen ly dnikq -

P
M0

dxewl spkd ly diincd dzyrp spkd ly divxpi`d hpnen z` aygl ick

.dl minecd micnina dheyt zipaln

:dxewd ly micnind xy`k

n"n 16:97 - a

n"n 4100 - b

n"n 462:9 - L
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:`id df divxpi` hpnen ly aeyigd zgqep

(3.10) Ixx =
1

12
m(a2 + 4L2)

:k zi`xp lreta eply spkd z` dncn xy` zkxrn

:l `iai znieqn dcewp aiaq dxewd aeaiql d`eeyn ly gezite

(3.11)

I �� =
P
M0

I �� = F � x�D � y
F = I���+D�y

x

:xy`k

uitwd gek - F

mincewd miaeyign lawznd xxbd gek - D

(n"n 38:56= ixhne`ib oezp) uitwd gek zlrtdl cr wgxn - x

xxbd gek zlrtdl cr wgxn - y

ziftxh dxeva bltzn xxbd gek ik d`xn spkd jxe`l xxbd gek ly gezip

.yleyn + oaln :miixhne`ib miteb ipy ly caekd fkxn didi y okle spkd jxe`l

:itl zayegn ef dcewp
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(3.12) X=

P
�Ai �Xc;i

�Ai

miniyxza ze`xl ozip zegiywd mcwn mbe uitwd gek ly aeyigd ze`vez

uitwd gek 23-e 22

zegiywd mcwn :3.23 xei` uitwd gek :3.22 xei`
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cenrl lkez `l xy` zkxrn `id epxga xy` zkxrnd ik ze`xl ozip dxerkl

mivitwd ly zegiyw incwny jkn ze`xl ozip df xac .migztznd miqnera

epl miyexcd micnina uitwy liaya icn milecb md el`d zekxrnd zyelya

cenrz xy` dycg zkxrn okze gezipa jxev epyi :dpwqn .mda cenrl lkei

.migztznd zegekae zeyixca



4 wxt

dqih zxwa zkxrn oepkz

ihxe`z rwx 4.1

:h''lfnd ly drepz ze`eyn ,dwinpic 4.1.1

:zegek

(4.1)

8><
>:

dm

dt
U +m( _U +QW �RV + gsin�) = X + TX

dm

dt
V +m( _V � PW +RU � gsin� cos �) = Y

dm

dt
W +m( _W + PV �QU � g cos� cos �) = Z

.h''lfnd ly seb ixiva od drepzd ze`eyn

:ze`eeynd gezit jldna zegpd

TX : XB xiva wx xaer sgc .1

dreaw dqn ik gipp gezitd jynda .2

:miinpicexie` zegek oial ,gex ixiva mipezp xy` ,minpicexie` zegek oia xywd

(4.2)

X = �D cos � cos� + Lysin� cos�+ Lsin�

Y = �D cos � � Ly cos �

Z = �D cos �sin�+ Lysin�sin�� L cos�

:xy`k

seb ixiva zexidn iaikx el` : U; V;W

seb ixiva miizieef miavw : P;Q;R

49
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(NED ux`d ixivl ziqgi) leblb zieef : �

(NED ux`d ixivl ziqgi) cexlr zieef :�

(NED ux`d ixivl ziqgi) aeqaq zieef :  

(gex ixiva) xxb gek : D

(gex ixiva) ielir gek : L

(gex ixiva) cv ielir: Ly

:mihpnen

(4.3)

8><
>:
Ix _P � IxzPQ+ (Iz � Iy)RQ = LA

Iy _Q+ Ixz(P
2 �R2) + (Ix � Iz)PR =MA

Iz _R � Ixz _P + (Iy � Ix)pQ = NA

seb ixiva miinpicexiee` mihpnen : LA; MA; NA

XOZ ) Ixy = 0 xeyin aiaq dixhniq zniiw h''lfna

XOY ) Iyz = 0 xeyin aiaq dixhniq zniiw h''lfna

ZOY ) Ixz 6= 0 xeyin aiaq dixhniq zniiw `l h''lfna

:divxpi` ihpnen

(4.4)

Ix =
R
n(x

2 + z2)dm
Iy =

R
n(x

2 + z2)dm

Ix =
R
n(y

2 + z2)dm
IPxz =

R
n(xz)dm

:zeihnpiw ze`eeyn

(4.5)

8><
>:

_� = P +Qsin� tan � +Rsin� tan �
_� = Q cos��Rsin�
_ = Qsin�+R cos�

cos �

okezn 6 xy`k ,h''lfnd zrepz z` zex`znd ze`eeyn 9 ly zkxrn eplaiw

.zeihnpiw ze`eeyn 3-e zeinpic ze`eeyn od

zeiagexe zeikxe` zxeqnz zeivwpet gezit 4.1.2

lcen itl divfix`pil i''r zeiagexe zeikxe`l drepzd ze`eeyn z` cixtp

.zextdd
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:4 xcqn zikxe` zkxrn

(4.6)

_x = A � x+B � u

x =

0
BBB@
u

w

q

�

1
CCCA

u =

�
Æe
ÆT

�

:xy`k

avn xehwe - x

mixwa xehwe - u

(4.7)

A =

2
6664
Xu Xw 0 �g
Zu Zw U0 0
Mu Mw Mq +M _wU0 0
0 0 1 0

3
7775

B =

2
6664
XÆe XÆT

ZÆe 0

M Æe 0

0 0

3
7775

M() =M() +M _()
� Z() :xy`k

zxeqnzd zeivwpet z` `evnl ozip okezn xy` ,zeix`pil ze`eeyn eplaiw

.mixwad lkl avn ipzyn lk ly

:qltl xeyinl zkxrnd z` xiarp

(4.8)

x(s�A) = B � u

s�A =

2
6664
s�Xu �Xw 0 g

�Zu s� Zw �U0 0
�Mu �Mw s� (Mq +M _wU0) 0

0 0 �1 s

3
7775

:ze`ad zxeqnzd zeivwpet z` `evnl ozip zipkez zxfra

u

Æe
;
w

Æe
;
q

Æe
;
�

Æe
;
u

ÆT
;
w

ÆT
;
q

ÆT
;
�

ÆT
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:4 xcqn ziagex zkxrn

(4.9)

_x = A � x+B � u

x =

0
BBB@
v

p

r

�

1
CCCA

u =

�
Æa
Ær

�

avn xehwe - x

mixwa xehwe - u

(4.10)

A =

2
6664
Yv Yp �(U0 � Yr) g cos �0
Lv Lp Lr 0
Nv Np Nr 0

0 1 0 0

3
7775

B =

2
666664

0 YÆr
LÆa LÆr

NÆa NÆr

M Æe 0

0 0

3
777775

zxeqnzd zeivwpet z` `evnl ozip okezn xy` ,zeix`pil ze`eeyn eplaiw

.mixwad lkl avn ipzyn lk ly

:qltl xeyinl zkxrnd z` xiarp

(4.11)

x(s�A) = B � u

s�A =

2
6664
s� Yv �Yp (U0 � Yr) �g cos �0
�Lv s� Lp �Lr 0
�Nv �Np s�Nr 0
0 �1 0 s

3
7775

:ze`ad zxeqnzd zeivwpet z` `evnl ozip zipkez zxfra

v

Æa
;
p

Æa
;
r

Æa
;
�

Æa
;
v

Ær
;
p

Ær
;
r

Ær
;
�

Ær

il`ivpxtic daeb dbd lra "qelt" zxeva apf zxfra `ed iebid eply h''lfna

:xy`k ,il`ivpxtic oeek dbde

welaepen apfa enk daeb dbd : Æe
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zepf`n enk il`vpxtic daeb dbd : Æa
oeek idbd ipy : Ær

zxrvn : ÆT
.midbda zeqipkl qehnd zaebz z` zex`zn ,epgzit oze` zxeqnz zeivwpet

.Autopilot zxfra xwal mikixv z`fd zebdpzdd z`

mixwir dxwa ibeg 4.1.3

mda dxwad .mihnehe` miqiih aexa miniiwd dxwad ibeg z` bivp df wxta

.zeiqlw zehiy itl xebq bega zrvazn

:mi`ad avn ipzyn ly dxwad ibeg z` x`zp miwela zenxb`ic zxfra

:� cexlr zief zxwa .1

: _� cexlr avw zxwa .2
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:h oezp daeb zxiny .3

:zxrvn i''r zexidn zxwa .4
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:(F � 16 qehn ienicl) dipta me`z .5

:� leblb zief lr dxwa .6
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: henif` zief zxiny .7

:dipt avw zxwa .8

heeip jxevl agxna divhp`ixe` zriawl micicn 4.1.4

:z` rbxe rbx lka zrcl mikixv ep` h''lfnd ly digpde heeip jxevl

agxna mewn �
dve`ze zexidn �

izief avn �
: dcicn zekxrn izya ynzyp el` mixhnxt ly dcicn jxevl zizief zexidn �
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dnezx zil`ivxpi` heeip zkxrn : INS (Inertial Navigation System) .1

-lek zkxrnd .h''lfnd seb ixivl minezx micicnd lk `''f ,(Strapdown )

:dkeza zl

ixiva miizief miavw miccend , Rate Gyros zxfbp ipeaiaq dyely (`)

. P;Q;R sebd

.seb ixiva ax; ay; az z` miccend dve`z icn dyely (a)

.mil`ivxpi` mixivl seb ixivn divnxetqpxhd zvixhn aeyig jxevl ,aygn (b)

z`ivnl zil`ivpxtic d`eeyn xzete micicndn mipezp lawn aygnd

.xarn zvixhn

zegztzn onfd mr la` xvw geehl ce`n zeaeh ze`vez zpzep INS zkxrn

.dve`z icnae mipeaiaqa zetigq awr zelecb ze`iby

4-n zegtl zeze` zlawn zkxrn : GPS ( Global Positioning System) .2

xeciy oia onf iyxtd jnq lr .reci agxna mnewn xy` ,mipey mipiel

-icx`ew z` zaygn zkxrnd ,GPS hlwn i''r ezlawl oiel i''r ze`d

zexidn lawl mb divxbhpi` i''r xyt` ,agxna h''lfnd ly X;Y;Z zehp

geehl zeaeh od GPS ly zecicnd .izief avn zpzep `l zkxrnd .dve`ze

.xvw geeha ce`n zeyrex j` ,jex`

z` ffwl xyt` zekxrnd izy ly ipeek-ec aeliy i''r :GPS aleyn INS .3

.ce`n aeh weica h''lfnd ly avnd xehwe z` lawle ze`ibyd aex
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GPS dnxb`ic :4.1 xei`



59 dqih zxwa zkxrn oepkz .4 wxt

INS+GPS dnxb`ic :4.2 xei`
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.ziqgi dlefe zniiw zkxrna epxga h''lfnd ly dxwad 'rn yeninl

Control system devices and MP-2000 (Full- 4.2

Feature Autopilot)

illk xe`z 4.2.1

24=76=109mm :miphw micnin .1

0:4kg :jenp lwyn .2

5000$ :jenp xign .3

h"lfn lk ly digpde aevil dni`zn zkxrn .4

RF Modem i"r zipeeik-ec zxeywz .5
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ipkh xe`z 4.2.2

oihelgl zinepehe` zkxrn .1

aygnd zxfra divleniq zleki .2

:d`xnd iptl mipezp zpfd xyt`n PC aygnl xeaig .3

lelqn-dqih ipezp (`)

miilnihte` mirevial dxwad ixabd ly dpfd zepekz (a)

Motorolla68332 :xidn carn .4

INS mr aleyn GPS-a zynzyn zkxrn .5

mixabdl zecewt zxard jxevl dni`znd eexqd zkxrnl xeaig .6

zirwxw dxwa zleki .7

zeixwir dxwa zekxrn 4.2.3

zexidn zxiny .1

daeb zxiny .2

(F-16 qehnl ienic ) dipta me`iz .3
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miwela znxb`ic 4.2.4

4.2.5 Installation

The MP2000 should be mounted close to the center of gravity, with the

processor board upright, and the power connectors facing forward (the direction
of 
ight). Table 2.1 lists the sizes and weights of the components that make

up a typical MP1000 system. Note that additional room around some of
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Device Size Weight

MP2000CORE 4.3 by 3.0 by 0.9 inches
109 by 76 by 23 mm 3.5oz (100g)

MP2000SP1 1.4 by 1.0 by 0.6 inches

(airspeed sensor) 35 by 25 by 15 mm <0.5oz (<15g)

MP2000AGL
(AGL sensor) 2.9 by 1.9 by 1 inch

73 by 48 by 24 mm 1oz (28g)

Trimble GPS 3.2 by 1.3 inches by 0.5
(GPS receiver) (w. con. 3.7 by 1.3 inches)

1 by 33 by 13 mm

(w. con. 94 by 33 mm) 0.5oz (14g)

DCI OEM DGPS 3.5 by 2.3 by 0.5 inches
(DGPS receiver) (w con. 4.0 by 2.3 inches)

89 by 58 by 13 mm
(w. con. 101 by 58 mm) 2oz (57g)

MP2000ANT 2.3 by 1.9 by 0.6 inches
(GPS antenna) 58 by 48 by 15 mm 5oz (140g)

MP2000CMPS 2.0 by 2.0 by 0.8 inches
(compass) 51 by 51 by 20 mm 1oz (28g)

Total <14oz (<400g)

Table 4.1: MP2000 Components: Sizes and Weights

these components is required to accommodate connectors. This is especially
true of the MP2000CORE, the Trimble GPS and the DCI OEM DGPS. The
dimensions do not provide any space for connectors as the amount of room

required depends upon the actual connector used.

:miilnihte` mirevial dxwad ixabd ly zpfde oepkz 4.2.6

mirvan okn xg`l aygn zivleniq zxfra mixabdd lk z` mippkzn ziy`x

RC Receiver zxfra rwxwdn zyrp h"lfnd lr dhilyd xy`k ,dqih iieqip

dievxd h"lfnd zebdpzd zlawl cr min`ezn mixabd
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aygnd ixabd oepkzl ulnend xcqd 4.2.7

zeievxd dwlgd zief cexlir zief lr dxiny

oeeike zexidn zxiny

zxrvn zxwa llek ,daeb zxiny

zxrvn zxwa llek ,zexidn zxiny

mikenp midaba daeb lr dxiny

lelqne dqih zecewt 4.2.8

dqih ixhnxt mipfen okezl zecewt zezpkezn helitehe`d aygn jeza

:zihnehe` oze` rvan h"lfne (mipey mixhnxt dcewt lk xear) miyxcp

approach origin, destination
Initiate an approach along a line stretching from the origin waypoint and
ending at the destination waypoint. The aircraft turns and follows this line
while loosing altitude until it reaches the 
are altitude at the destination

waypoint. The engine power is increased if the aircraft is below the glideslope
and decreased if the aircraft is above the glideslope. If the aircraft is above

the glideslope, and its descent rate with the engine at idle is insuÆcient to

restore it to the glideslope, the aircraft will end up at an altitude higher
than the 
are altitude when it crosses the destination waypoint. In this
case, the aircraft will continue along the line de�ned by the origin waypoint
and the destination waypoint. It is important to ensure that the aircraft

is suÆciently far from the destination waypoint to allow it to descend. The
throttle idle setting also has a signi�cant e�ect on descent rate. The MP2000
automatically turns the engine o� once it passes the destination waypoint.

climb altitude
Initiate a climb to altitude. The climb is performed at best climb speed with

full throttle. The MP2000 attempts to maintain the current heading. The
climb command sets the desired altitude.

waitClimb
Waits until a climb, initiated by the climb command, is complete (i.e. the
aircraft reaches the desired altitude).

pClimb altitude
Initiate a climb to altitude. The climb is performed at best climb pitch with
full throttle. The MP2000 does not attempt to maintain the current heading,

but does attempt to keep the wings level.
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circuit
Start a circuit from the current position. The MP2000 
ies from the current

location to the circuit entry point while descending to circuit altitude. If the

aircraft is still above circuit height when it reaches the circuit entry point, it

circles at the circuit entry point while descending, until the circuit altitude

is reached. The MP2000 
ies a downwind, base and �nal circuit legs, 
ares

and lands. The aircraft lands at the same location and in the same direction
as it took o�. The orientation of the circuit (left or right) can be changed

in the runway settings. Also, the aiming point can be o�set from the takeo�

point.

are

Initiates a 
are. The MP2000 stops the engine and holds the 
are altitude
as long as possible.

fromTo origin, destination
Follows the line de�ned by the points origin and destination while maintaining
the current altitude and airspeed. The fromTo command sets the desired
heading.


yLow
The MP2000 follows the current heading at an altitude of eight feet. This

command is used for testing.


yTo waypoint
Fly to waypoint while maintaining the current altitude and airspeed. The

yTo command sets the desired heading.

initFromTo origin, destination
Setup MP2000 to 
y along the line de�ned by origin, destination. Similar
to the fromTo command except that the MP2000 does not wait until the
destination waypoint has been reached but rather immediately executes the
next instruction.

waitFromTo
Wait until the destination has been reached.

takeo�
The MP2000 initiates a takeo� once either S1 is closed or the throttle is
advanced (assuming RC throttle override is enabled). The aircraft accelerates
to 
ying speed and then becomes airborne. During the takeo� run, the

aircraft maintains its initial heading. The takeo� command sets the desired

heading.
turn direction, right

The MP2000 initiates a turn to direction. If right is one the turn is to the
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right, if right is negative one the turn is to the left, otherwise, the turn is in
the closest direction. The turn command sets the desired heading.

turnCont duration
The MP2000 initiates a continuous turn for duration ticks (a tick is one �fth

of a second). If duration is set to zero, the MP2000 turns continuously.

setControl type, parameter Described in Table 2.

micicn 4.2.9

zekxrn zlah zbven o`k .INS aleyn GPS zkxrna miynzyn eply h"lfna

GPS-a epxga ep` :Garmin, Trimble, King Iimorrow, Denel zexag ly zepey

.Bendix King - Kln 35/135 ly

servos zivxebitpew zxiga 4.2.10

eexqd zkxrnl zkxrnl zepey zeivxebitpew yng miniiw MP2000 zkxrna

:qiihd ilkd iebid ly zepey zexevl
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Type Description parameter

elFromPitch The elevator position is calculated desired
from pitch error using a PID loop. pitch

elFixed The elevator is �xed in its neutral pos.

elFromPitchNoI The elevator position is calculated from desired

pitch error using a PD loop (note no I term pitch

rdFromSlip The rudder position is calculated from y

acceleration, to eliminate sideslip, using a

PID loop.

rdFromHdg The rudder position is calculated from
heading error using a PID loop. Used
during takeo� ground roll.

rdFixed The rudder is �xed in its neutral position.

rdFromHdgNoI The rudder position is calculated from desired
heading error using a PD loop. Used heading
during takeo� ground roll.

rdFromHvHdg Yaw cyclic (rudder) position is calculated heading
from heading error using a PID loop.

thFixed The throttle position is �xed. throttle

thApproach The throttle position is calculated from position

distance above glide slope via a PID loop.

thSpeed The throttle position is calculated from desired
airspeed error using a PID loop. speed

thAlt Throttle position is calculated from desired
altitude error using a PID loop. altitude

pitchAlt Desired pitch is calculated from altitude desired

error using a PID loop. altitude

pitchDescend Desired pitch is calculated from airspeed

pitchFlare Desired pitch is calculated from altitude desired

error using a PID loop. altitude

pitchSpd Desired pitch is calculated from airspeed desired
error using a PID loop. airspeed

pitchO� Desired pitch is not calculated.

rollFixed Desired roll is set to a �xed value of zero.

rollFromHdg Desired roll is calculated from heading desired

error using a PID loop. heading

rollO� Desired roll is not calculated.

hdgFromDest Desired heading is set to the track between

the current location and the next w.p.

hdgO� Desired heading is not calculated

Table 4.2: MP2000:setControl commands and parameters
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AutoPilots-e GPS zekxrn :4.3 dlah
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Servo normal separate combined separate Elevons (our

aps 
aperons 
aperons con�guration)

S1 ailerons ailerons left aileron left aileron left elevon

S2 elevator elevator or elevator or elevator or right elevon
left V tail left V tail left V tail left V tail

S3 rudder, right rudder, right rudder, right rudder, right upper rudder

V tail or left V tail or left V tail or left V tail or left
split rudder split rudder split rudder split rudder

S4 throttle throttle throttle throttle throttle

S5 right 
ap

S6 right aileron right aileron

S7 
aps left 
ap

S8 right split right split right split right split down

rudder rudder rudder rudder rudder

eply h"lfn ly divxebitpewe zepey zeivxebitpew :4.4 dlah
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miinpicexiee` mincwn z`ivn 4.3

-xrdl yi ipkh hxtna excbedy zeyixc z` `lnzy dxwa zkxrn opkzl zpn lr

z` lawl lkep mincwnd jezn .h"lfnd ly miinpicexiee`d mincwnd z` ji

.h"lfnd ly dxwad zkxrn ziivleniqa ynzyp mda zeinpicexie`d zexfbp

xeyknd zepkzl miyxcpd miilnihte`d mixabdd z`ivn z` xyt`z divleniqd

.epxgay

:md epzeyxa ecnry mirvn`d

ze`qxb izya opkez mbcd .zilew-xar dxdpna ezvxde dxdpn mbc ziipa .1

zlekil cgeina dn`zedy `qxb :dhlewta z`vnpy dxdpnl zeni`znd

zexyt` oi`y xxazdy xg`l dhlewta `vnpd dk`ln zia ly xeviid

.dhlewtl uegn CNC-a xeviil `qxb dppkez dhlewta mbcd xeviil

gezip rval ephlgd mbcd ly xeviid xeyi` ly `yepa zagqd zeawra .2

.CFD-d zervn`a h"lfnd ly inpicexiee`

CFD zervn`a inpicexiee` gezip 4.3.1

ziaeyig zyxd zxivi

agxna zehpicxe`ewd ."C-type hyperbolic, structured" beqn dpid zyxd

zlawn icnin-ec dxwnay zileaxtid zl`ivpxtic d`eeyn zeniiwn iaeyig

:d`ad z`

[A]
�
x

y

�
�
+ [B]

�
x

y

�
�
=
�

o

V+V

�
or with �nite di�erences :

h
� Ai;j

2

i �
x

y

�
i�1;j+1

+ [Bi;j]
�
x

y

�
i;j+1

+
h
Ai;j

2

i �
x

y

�
i+1;j+1

=
�

o

Vi;j+Vi;j+1

�
i;j
+ [Bi;j]

�
x

y

�
i;j

where :

[A] =
h
x�y�
y�x�

i
; [B] =

h
x�y�
y�x�

i

ze`xl ozip .4-e 3 mixei`a x`ezny itk zi`xp NACA 0012 litext ly zyx

ghyn cil mi`zd gtp setive dnixf/dtwzd zety cil mi`zd jxe` zphwd

.7-5 mixei`a zebven mipey h"lfn iwlg ly zeiaeyig zezyx .spkd
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Example of "C"-type :4.4 xei`

grid
Example of "C"-type :4.3 xei`

grid (zoom on airfoil)

oexzit zhiy

i"r mi`hean zixliie` dnixfa (dibxp`e rpz ,dqn) xeniy iweg 2D dxwna

:d`eyn

@Q̂

@t̂
+ @Ê

@�̂
+ @F̂

@�̂
= 0

where :

Q̂ = 1
J

0
BBB@

�

�u

�v

e

1
CCCA ; Ê = 1

J

0
BBB@

�U

p�x + �uU

p�y + �vU

(p + e)U

1
CCCA ; F̂ = 1

J

0
BBB@

�V

p�x + �uV

p�y + �vV

(p+ e)V

1
CCCA

J = (x�y� � y�x�)
�1

u; v � physical velocities

U; V � contravariant velocities

miiteqd miiehiad zexnl) zicin `id zicnin zlz dxwnl dagxd o`kn

.(milaxeqnd

zyxa xztii h"lfnd ly hpnl` lk xy`k ziaihxhi` dhiy i''r rvazi oexztd

lawp seqay jk rcin xarn rvazi mihpnl`d oia xeaigd zenewnae zcxtp

.mly dnixf dcy ly oexzt
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"C"-type grid on the wing :4.5 xei`

ze`vez gezip

ly zezyx zlawn zipkezd .iel laei 'xc ly zipkez zxfra ervazd miaeyig

.(Collar grid) dwacd zyx zxveie mdipia xeaig zecewp zxz`n ,h"lfnd iwlg

(9-e 8 mixei`)zekenq zezyx oia rcin xarn jez zezyx lr rvazn oexztd

-xzt witqn oicr oi` - df rbxl oekp .11-10 mixei`a ze`aen oexzt ly ze`nbec

miaygn lr mirvazn miaeyig) miinpicexiee`d mincwnd z` lawl ick zepe

-xzt lawl mia`yn witqn mi` miax mixwnae mihpcehqd zeyxl micnery

.(oe
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"C"-type grid on the tail :4.6 xei`
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Body grid :4.7 xei`
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Collar grid :4.8 xei`
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Collar grid - pressure distribution(Attack angle - 40;Mach = 0:6) :4.9 xei`
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normalized pressure contours, (Attack angle - 40;Mach = 0:6) :4.10 xei`
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Vector �eld slice colored with normalized pressure, (Attack angle :4.11 xei`

- 40;Mach = 0:6)



5 wxt

m"kn jzg ghy

`ean 5.1

izenk lceba jxev yi, miteb ipy oia zeeydl lkei e` dxhn ddfi m"kny zpn lr

m"gy-m"kn jzg ghy dpekn df lceb, sebdn ihpbnexhwl`d xfgdd z` bviind

izkzn xeck ly jzgd ghy `ed seb ly m"gy. (Radar Cross Section - RCS)

enk) edylk seba . sebd ly xfgdd ze`l ddf ely xfgdd ze`y, ihpleeieew`

ok lr , (xeckl cebipa ) dpey `ed dribt zieef lka xfgdd (dnbecl qih ilka

sebd ly m"gyd dpzyn ok-enk , dribtd zieef ly divwpet `ed seb ly m"gy

m"gy .sebd ieyr mdn mixnegde, m"knd ly lbd jxe`, ezxev, sebd lceb it lr

ztqep dcigi ,(m2) reaixa mixhna ccnp xeck ly jzgd ghyk ezxcbd itl

oia xarnd .(dbm2) reaixa xhn-laivc `id mixabda miwqer xy`k yeniyay

:dgqepd it lr `ed zecigid

(5.1) �([db m2]) = 10 log10 �([m
2])

mixigp) mirepn :md qih ilk ly m"gyd z` milicbnd mitqep mihpnl`

i`e, dnixf zetye dtwzd zety, zepit, rwxwl miliawnd mighyn, (miqpeke

.zepf`ne mitcn oebk zeipan zeietivx

h"lfnd zeyixc 5.2

axw qehn dnci h"lfndy jk i"r zipexhwl` dieexd rval `id h"lfnd zxhn

micnnd ohw h"lfnd ly m"gyd z` licbdl `id dxhnd okle n"knd znizga

m"gyd z` licbdl yi xnelk, F-16 -d ly lceb xcqa axw qehnk ddefiy jk,

79
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m"kn jzg zlcbdl miixwir minxeb :5.1 xei`
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mikxrl (�10dbm2) 0:1m2 elceba mih"lfn ly miipiite` mikxrn h"lfnd ly

ly i`avd eite` lya .(10 � 20dbm2) 10 � 100m2 axw iqehn ly miipiite`

- (S Band) 2GHz � 4GHz :mixczd inegza m"gyd zlcbda fkxzp h"lfnd

.milecb miirwxw mii`av min"kn

lr mi`yip min"kne miciip mii`av min"kn - (X Band) 8GHz � 12:5GHz

.milihe miqehn

.mewne xeaig ilewiyn (ipevig wtqd `ll) miiaiqt zeidl mipwzdd lr ok-enk

,jenp lwyn ilra zeidl, h"lfnd ly zeixhne`ibd zelabnl mi`zdl mdilr

xignd zeyixc exnyiy jk jenp xign ilrae, mipin` ,dtlgdle dpwzdl miheyt

.h"lfnd ly llekd

m"gy zlcbdl miiaiqt mipwzd zxiwq 5.3

Corner Re
ectors dxfgd zepit 5.3.1

Figure 5.2: Corner Re
ector types

xei`) xeyina xfgdl (dihedral) mighyn ipyn miakxend zkzn ipan

e`, ( a
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.( b xei`) agxna xfgdl (trihedral) mighyn dyely

."scndn xyiid" dyikxl ozip, jenp xign, zepin`, zehyt: zepexzi

.h"lfna zeixhne`ib mewin zeira ,ce`n ohw zeiaihwt` zeieef megz :zepexqg
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Luneberg Lenses bxapel zeycr 5.3.2

dxeva qeicxd jxe`l dpzyn dxiayd mcwn bxapel zycra zihxe`iz dpigan

:dgqepd it lr ,zipevigd zthrna 1 cre fkxna 2 -n dtivx

n = 2� (
r

l
)2

.xewnd oeeika `ed xfgddy jk, xewnd len dycrd cwen lawzn df ote`a

(znxez `idy ilniqwnd m"gyd xabd) bxapel zycr ly ilniqwnd xfgdd

:dgqepd it lr aeyigl ozip

�max =
4�2a2

�40
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,dpzyn dxiay mcwn zelra zetilw xtqnn zakxend dycr mixviin lreta

(ohw daky lk ly dxiayd incwn oia yxtdde) lcb zeakyd xtqny lkk

miaxwzn dycrd ly direviae, dakyl daky oia dxiayd ihwt` miphw jk
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.miihxe`izd mirevial

hrn ze`qxb izya ynzydl ozip agxndn wlga wx xfgd yexce dcina

dxebqd dycr ivg xviil `id zg` divte` .dycrd irevia z` zextynd zepey

zipevigd zthrndn wlg zeqkl `id diipy divte` ,xifgn izkzn ghyn mr

miqqean bxapel zycr oexwir lr .dxifgn zizkzn qeka dycrd ly zixeg`d

.m"gy zxabdl miax miixgqn zepexzt

xyiid" dyikxl ozip, ziqgi agx zeiaihwt` zeieef megz, zepin` :zepexzi

."scndn

.ziqgi deab xign :zepexqg
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Retro-re
ector circuits m"gy ilicbn miqihxk 5.3.3
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z` xifgnd, miipevig gzn zexewn `ll miipexhwl` miaikx mr qihxk

z` xagl ozip zizcewp m"gy zlcbda jxev yie dcina .ea zrbetd dpixwd

df meyii ,yxcpd mewna xfgez zhlwpy dpixwy jk, zxeqnza miqihxkd

`h`-o`e zphp`a m"gyd xabd .(Van-atta antenna) `h`-o`e zphp` `xwp

:dgqepd itl aeyigl ozip

(5.2)
� = �2G(�;�)2

4�

G(�; �) = N � g(�; �)
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Rozendal associates Inc. :oxvi

127mm :xhew

0:9072kg :lwyn

:xabd

0:2� 0:3m2 2GHz � 4GHz

2� 3m2 8GHz � 12:5GHz

120o :ieqik zieef

Table 5.1: Lens Re
ector data

.h"lfnd zixhne`ibl dn`zd zleki, zepin` ,jenp xign :zepexzi

."scndn xyiid" yekxl ozip `l, icegii oepkza oinfdl jixv :zepexqg

EWAL-UAV-2000 -d xear exgapy mipwzdd 5.4

Lens Re
ector 5.4.1

dycrd, bxapel zycr oexwr lr zqqeand zixgqn dycr `id dxgapy dycrd

.h"lfnd ly inciwd wlga mwenz
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[$] dcigil xign zecigi 'qn

1000 1
1000 5

600 50
534 100

Table 5.2: Lens Re
ector prices

Retro-re
ector circuits 5.4.2

.500mm � 70mm� 2mm:micnna ipevig wtqn epnfei miqihxkd

4) spk lk ly oezgzd wlgae oeilrd wlga miitpkd jxe`l enweni miqihxkd

-l` dtewy qwtqxt zakya eqekie mxear dpkedy dlrza (h"lfnl miqihxk

.zihpbnexhw

:miqihxkd zpwzdl spkd zn`zd

oezgze oeilr qwtqxt iieqik ipye meipinel` ieyrd qiqa wlgn zakxen spk lk

mi`znd inipt llg xvepe , litextd zixhne`ib zxnyp cgi miakxen md xy`ky

.mipit ici lr spkd zeevwa zewfgen qwtqxtd zerixi .qihxkd icnnl
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:miieqikde spkd ly cv han

:ziqiqad spkd ly dixhnefi`
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:miieqikd ly dixhnefi`
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zeielr gezip

`ean 6.1

zivleniq xcbed eyeniyy h"lfnl hwiext `ed \ EWAL UAV 2000 \ hwiext

,dxfg zleki oi` h''lfnl .aiie` ly dpbdd zekxrn zihde dtiwz / axw qehn

z` hxtl ozip .dpeilr zeaiyg zlra dpid hwiiextd ly zeielr zkxrd okl

izya rvazd gezip .dwfg`e xevii ,gezit :miixwir miwlg 3 -l hwiiextd zelr

:zeyib

DAPCA-IV zxfra ixhnxt aeyig .1

.(hwiiextd ly dgpnd zkxcda)miiw oeqip jnq lr aeyig .2

.miwlgdn cg` lk ly zelr ayig oldl

miaeyig 6.2

:gezit

ieqip ih''lfn xevii + dqih iieqip zelr ,iqcpd gezit zelr zllek gezitd zelr

mcwnl mkql ozip dl`d mincwnd lk ly dnexzd z` .zeki` zxwa zelre

jxevl .RDT&E ( Research, Development, Test and Evaluation ) `xwpd

Rand i"r dzpap xy` ,zpkcernd DAPCA IV lcena ynzyp mcwnd aeyig

:Corporation

RDT&E = HERE +HQRQ +HMRM + CD + CF + CM

92
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:xy`k

He = 4:86W 0:777
e V 0:894Q0:163 :qehnd oepkza erwyedy dqcpdd zery

RE = 50$ :ziqcpd dcear zry zelr

Hq = 0:133HM :qehnd zeki` zxwa zery xtqn

Rq = 45$ :zeki` zxwa zry zelr

HT = 5:99W 0:777
e V 0:696Q0:263 :ieqip iqehn xevii zpkda erwyedy zery 'qn

RT = 30$ :xevii zpkda dcear zry zelr

HM = 7:37W 0:82
e V 0:484Q0:641 :qehnd ziipaa erwyedy dceard zery 'qn

RM = 25$ :qehnd ziipaa dceard zry zelr

CD = 45:42W 0:63
e V 1:3 :gezitd jldna miyxcpd miwlgd xevii zelr

CD = 1243:03W 0:325
e V 0:822FTA1:21 :dqih iieqip zelr

CM = 11W 0:921
e V 0:621Q0:799 :qehnd ziipal miyexcd mixnegde ceivd zelr

We = 61:73lbs = 28kg :wix qehnd ly lwyn

V = 420kts(0:65Mach) :ziaxin zexidn

Q = 6 :gezit ikxevl mixveind miqehnd zenk

FTA = 12 :dqih iieqip xtqn

:lawzn aeyigd ixg`

.13:4 � 106$ hrnk `id zlawzn d`vezd 1 dgqepl dl`d mikxrd zavda

zelr aeyigl zxg` jxca ynzydl jxev yi okle ,ziqgi ddeab ef d`vez

-rd zkxrd zxfra dxfgey xy` gezitd zelr znkeqn d`ad dlaha .qehnd
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:gezitd aly lk ly zel
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gezitd zelr mnezay) zexiknd xtqn ly divwpetk ccea qehn zelr

:(dqekn zipey`xd

zelr zwlegn ea aeyig rvea xevii zxcq jezn ccea h"lfn xign oegal ick
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:izxciq xevii mihixtd zenkl gezit

ccea qehn ly zelr dhnl sxevnd sxbdne l"pd dlahdn ze`xl ozipy itk

qehnl ilnihte`d xignd ik ,jixrdl ozip .zexiknd xtqn zlcbd mr zcxei

165 e`) miqehn 2000 jxra ly dxiknd ixg` df dxwna .25; 000$ `ed ccea
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.geexd ligzi (miqehn 12 ly mihq

Daniel P. Raymer, An Aircraft Design: A Conceptual Approach, :zexewn
AIAA Education Series, Second Ed.
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mekiq

:ipkhd hxtnd zexcbd cbpk mixhqnq ipy xg`l hwiiextd avn

(F-16) `yep qehnl xeaig wynn

12 xagl ozip - TER(Tripple Ejector Rack i"r F-16 -l mih"lfn 10 ly xeaig �
diilz zecewp 4-a mih"lfn

ok - miihxcphq 14" miqth "r TER-l xeaig �
ok - MIL STD zeyixcl m`zda caekd fkxn �

ok - MIL STD zeyixcl m`zda rwxw iewe migeexn �

xebiy

mideabe mikenp midabn `yep qehnn �

dxwa zkxrnn

-ie`n qehn ienicl zinvr dxwae zpkezn lelqn mr zinepehe` dqih zleki �
.ziqgi dlef zniiw zkxrn dxgap - yi

ok - zeipy 30 jez lelqnd zepkz �
zewc 30 xiee`a diidy �

dqih ipezp

10000 � 30000[ft] dqih daeb �
0:95Mach cr xebiy zexidn �

98
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oexnz zleki

ok- miini miliin 1-4 jxe`l 300; 450; 600, ly zeipt :zpkezn mipexnz jldn �
ok- zeipy 12,60,120,180,240,300,360,420 :oexnz ipnf �

oexnz `ll miini miliin 76 ly iaxin geeh �

m"kn znizg

irvn` exgap - izin` axw qehn ziincdl ziaiqt/ziaihw` dnizg zxabd �
(`h`-o`e zphp`) iaiqt irvn`e (bxapel zycr) iaihw`

iaxin lwyn

zeyixcdn daxda zbxeg dpi` igkep avna lwyn zkxrd - 100[lb] �

zeizwefgz

zeipy 15 jez zepiwz zwica �

dzigp zleki

oi` �

dxhn xign

il`ix dxhn xignk d`xp 25000$ ly xign - izxciq xeviia 'gil 20000$ �
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zecez

:l dcez ixiq` ep`

CFD-d megza aygn zeipkeze ezxfr lr iel laei 'xc

sqei-xen xi`i xn miitpk zgizt oepbpn oepkza ezxfr lr 'uiaenxa` miig 'xc

GRIDGEN zipkeza CFD-d iaeyigl zyx zxivia ezxfr lr

miiteq mihpnl` lcen gezipa ezxfr lr mec`x zxagn fxeniz i`zay xn

NASTRAN zpkeze

100
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mitzzyn

ivx` xexc 'xn :dgpn

dili` iwvila

ilehp` iywa

ixec xe`-xa

miqwn onclee

l`kin epexe

awri qilcpin

ipbai aepn

liq`a wgl`car

cipe`il aepnext

dili` oewixw

alqiclee 'uiaewnx

a`f hgiey

101


