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Trimmed drag polar of an afi-tall combat
aircraft configuration with variable wing
camber. Comparison of the stable configu-
ration with the optimally unstable aircraft.
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DSFC

Direct Lift Control (DLC) obtained by de-
flecting the flaps and the elevator in oppo-
site  directions. Direct  Side-Force  Control

(DSFC) by deflecting a vertical canard and
the rudder in the same sense.
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ol miTHREERES] N

gt Canard?| ofel7}x] ZHFEE Jebd
olch. Meh & g2 Filio) A Cana-
rd7} 2hA| 5l F-104G+= AEEHES vEbd
eh whgatel %64 el Al Al
4 4(Restabilization)¢] 3] S KAEE wof P-
itch-up gh#|al wk-2-7k 16° 742 o]  {RAE7}
A &-slct, o whgzt o4kl 4= Pitch-up
o] EqbA A4 a4He 7| L3371 2] Pitch-up
REEtE R Aska 7t stk

t}&-2 Canard7} 4|2 9 Hragkatkel
(Lateral and Directional) ojwl¥t «&h&
vz e7bE AT A3k YT ollAsF F
o] Weather-Cock. & Alel| w3t wEMS 2
Al ZEAZE ¢ + Utk

! Angle of Attock v
4 Ly L 14*
L/
- F-104G t Canord

-0

\—/

FlldG

-1.0

N

]
Ejfect of the canard on the weather-cock
stability of the F-104G

2) #8:tHl 2 Configurations

Hrbal MfTEE b2 B = &ell, shAlE
= FAREML Agates AX, #it HM
ol of 20% MACe| 7%t BA (Instabi-
lity Margin) o] =& 4 ¢lgicl,

AelA| o] 4= 7] F-104G (Configurat -
ion By, BE “Basic”& £33 FIH, A&
ol Bl CCV-FCS-& A8 u|sgz}lglom,
2 whA| ol 4= F-u| Ballast (600kg) & FRIE
(Configuration B,) 5}53c},

t} E, Bigol 4 Balast® Al A3tz
#E7)ol] Canard(=%42| Ente, o|7Z&
“E"2 F4])§ BmA =tk o] Configurat-
ionel] 4 A FER %E Flight Envelopeo] 4
TEoR YT 4 3 ob gl AE
25k Canard-Configuration E, 9 E, cl4|
EF Y35k %48 Back-up &= 242 H
fE2 3% 4 ok E\o HAMN TElL
Ak gime) oF 240kge] Ballasto} & i
i A dz 2z #EFY 4+ ddch

FZ25E% E, Configuration-2 ¥ u| Ball-
ast (400kg) € #A|ste] E ol 4] =4 4l
v}, o}F Bk gt Configuration E;+ o
B Fo| Ballast § B0+l (260kg € &
m =kE 4 g e g Koz C
G& o BE)4A7I7] $]8] ¢| Configuration
& o2 # ¢4 (Fuel Management Proc-
edure) & A&l o] HRoll A= Fal Al
d WY d89 = c}-gol Main Tank 0
2 od287F A28l 2%9 Tip Tanke 8k
A2 f2 =22 w|4bAjoll = o] 2§
25 P BYHAY 24 CGrE HFS



Configuration Test Phose ((i:;f;a of gravity F:.rod}ynnmin: (I'.‘anm
Testing of CCV ¢ o . &
systems with Bl B8 O
‘ basic F-104G 5 '3' _‘E
<l —=={)
w Changing the air-
craft s. c. g. by B2 O
trim moss.
Changing the oir-
craft 5. A. C. by £l o
f‘ % canard
| \/ el
Destabilization O
by trim mass.
31O
0 10 20 30 [y 40
(O% 8)

& o]FH g el

3) Alge 8 4] qbxl 3]

PRIk = qle) CCV-FCSe|| it Ml
HEE ol & 4 glo] MTESE =2
£ Al I a4E Hiidl AAT £ @
ek Lef A mkof wjabalel s A AE
EF A= el F-104G7F 7FRl 2 9= vl gl &
F AlAR Aghete g3 = JEE )
ghef BEAYS]l Back-upfhfl e =iggle 7
- %] Ballast (2| t§660kg) &= #2277} o}
Al R A shzl SlEe] HEMYe R e
sle] CCVA &7 F-104G £ 4522 v g
T 5 AEF = et

4) CCV-Flight Control System

MBBift2| CCV/F-104GE& w2 RE A
BEMES Mol FCSE Aslm glc} w9y

EAE 913k o] R wabe] WAy A
+E dlulsf A 4712 Component & 2}-&
ki gl
o] Ft#2 $1ete] B CCV-FCS= cf
ok AL EER 9ok BEE 2 9ok
© Digital Data Processing and System
Monitoring,
Oc<td o & B4k 14 =
© Strap-Down-Navigation
© Angle of Attack 8! Angle of Sides-
lip % #82| Skewed-Sensor 4} £
O g3} 2L &M BiES S 449
AFEHE AR
-k 4 9 =]} (CSAS)
— 2} X5 43] (Autopilot)
— 3%z 3.4 4 (Air Data Computation)
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—wl#l 2l 3 3 (Pre-Flight Check-Out)
— vl &l F 91| el (Inflight Monitoring)
— it (Navigation)

© Mo sl &ibsl A 7lHab4 A-
ctuator (Modulars) ~}-8,

5) EBEFMC WAk

(7}) Aerodynamic Sensor,

MAEE REET o] Hod4E 9
# 4= Angle of Attack B Sideslipel] =
gt Adste $ukx 5o LBs 4
fif&4l| (Guadruplex System) = ¥ % 4742
48 7k (o) Sensor 9 4 72| ofvjze2}H(g)
SensorE LEE & ok eha] w3 A
+7| 25ubgk2] Sensorg 7|-Eolx|Al Fo
M o]l g2 Sensorel| 4] Angle of At-
tack®} Angle of Sideslip® 5% % 4+ ¢
ch, o] Afol = E3b 4702 2RNFE S-
ensorube & slEdlch,

(v}) 243 k=) 2F3| (Inertial Measurement
Unit; IMU)

o}5F &gt Gyroscope W 7454 (A-
cecelerometer) 7} %z 5le] glo] F41sl 4l
e 2F 9 AL S1EH AH8E Bt
opvlel #Hu| o] et E FyLorvE 2}
&5l

Zpo| R X0} A S PYEE 7
F a5l ol A= 5 OF9|
2lo| R AT X = el 200l A AlZke0.01°
7R 8] FAYLE Al T EA 2 F 3
A x = 107go|

3 7N ‘%l zb4- % (Angular Velocity) % 37
o) 4 7} 4% (Linear Acceleration) of 4] ¥

2 {Transformation) 7+ % %} (Integration)
¢l 2o 2 o Aal fithel LB} AM
Zft (Information) 8 3-8 4 9lrc},

(c}) Digital Computer,

4 72| Teledyne TDY-43 #F€]7} Data
5 #e]gtr SystemZ Monitorglch #AF
Hel £ 532 g3} e

© 16bit word length

© 16k capacity with 2k RAM(Randum-
Access Memory

© 128 analog input

© 674 2] 16bit digital input

© 871 2] analog output

O et 349 AFe2F AA 713z

(2}) Control and Display ] (CDU)

F %42 F-104G Radar Scopeol] 43
5l CDU7F CCV-FCS& %3 4 %6}
b, 53| of CDUx chgsl o] R7b2 #
s S

© Operation Mode2| 4]

O CCV-FCSe| T 418 H4
(Display)

© # F 3 4] (Diagnostic Display)

OCCV-FCS| #4% yoTs S0
Keyboard

OvgA AdE f1g 54 % 2o 7
Hl,

.(ﬂ[-) CCV-Series Actuator

Fly-by-Wire u}4|cl] 4{= Control Surf-
ace Actuator+ Z7fbx #l 7]4r9k4] Series
Actuatorel| 2|dbe] TF ek cf4] a4
WAy Hikol 4= CCV AL 2] 213t}
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2 & Switch-Over Clutch&4 o]Fofz]
c}, 22l Mode-Switching Unit ¢} Seri-
es Actuator+= 7|#A| 4 22 Fit5e| ¢lce},
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Seriese Actuators} zhe| #H35Felef| Int-
erface®| o] ¢+ Unit+ cfgaf 22 "7}

2| 75 gel

© Computor Qutput 4l 2| 5%

O sl AT A A

© Servo-Amplifier& 71 5-3F¢| Series
Actuator Servo-Loop2| |4}

© Series Actuator Module2| ZA% zpch

Ll k3l 7+& &)= 4| 5-2| Bodensewerk
Geratechnik #:7} BFEgE 721 224 <k 907Hef|
gil= CCVe| BR fifme Aaksbsl S8l
F-104G 2] Radar¢} Gun, Brake Parachute
gl Pitch-up Control Actuator 53} 2+ o

g Aul g A AN N4 Asheet
5. AsZn Y #E

%@ 2| General Dynamic#:2| YF-16 CC
Ve Agulal Azt o5 Fo} CCVe| #

HE FT33 AFE g Ao F2 M
BBl 45 1977+ 12U« 4 19814 104
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figurationef] dfsl| & 1173] 2| v 4|31 7
il Asb clekgk sh 2F A5 4 A (Mulii V-
ariable Control Design) ¢| %2 F 37} 3
o5 gles ebalW of 20% MACe| Fa%
AFA7AA AFTHoR 4FT 4 e o
39| YF-16 CCVe| a4 =& 24
Z 318} 5i et

MBBAl= #4219l CCV 2| & ujg Sch-
edule o] =}z} &C({k% Digital Flight Con-
trol System$ A Fol| glox u|F, 4,
dE, 4£# 5 BF d4& &2z g

olx| g CCVHifire| HHBlo 2 gldty &
Beo] ZechiRili-& 2 oF4hE =A| &elE A
L& dlAbs| = ul fiZEEES| EFEE), 5
sl o Wings-Level Turnf§2] & 22
chiff BB ol A Sk ofvlEl HiT A il
ol elel A= e Mzt Held €%
Al FFRE s A A Aok
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£ BE 7IE AT 76l UM E Ao
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F 4 F7Ae|§ FdlFol4}4d ( Advanced

Medium Range Air-to-Air Missile) 7 #h-&
2o AubFobel| A Fal8ka 9l #d
st 7 Fag FFAE FriA AL A
2al o=, 1986wl ol F4-H, AIM-7
SPARROW 2 Alv|A}lelL oz|slEE )4

1 AMRAAM-&, u|3-t, of8)+,

AFE

R 7 SIS

3

Ef FlE ZellE
o] ~4s}hct,
AMRAAMA| 2] 2] 7]41g, 1975. 11 o[ 3]
2o, A n]FF, oldFE Y ool el
A AMurs] g 9152 4 Requirement Work-
ing Groupo| EA|E g3, o]Fo7ly: oo

2 30ulFcldl <l4ss AF FFHAde

4le] wi4ke] & A

T % FdFed AME Aol FE ATIES dFF 4S5l o
2sjell i, o] AL FAE FeHEolA AT 1976. 9o skm = glch
9L, #a SPARROW®]4}el2 Fagt 7]
Cutaway drawing of the AMRAAM.
AMRAAM
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REFERENCE
ANTENNA ELECTRONICS UNIT ggfg'% ACTUATOR:
\ ¥ 1 - v > L
= 7]
ARMAMENT seérloN ROC 'ruor‘o{
BATTERIES/ TRANSMITTER OcKE DATA UNK
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TACTICAL WEIGHT.......... 326 Ibvcerrs reeee 147.9kg




O W% -BF #¥ O
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ol Hughes4}2} Raytheon4}z} zhzF 414,
U AL sl 2 F AL § F, F-14,
F-15, F-162 o|-& gn|4dg
el s shdleh

ol o} g =l o] &g g £ 1981. 12
11¢l] Hughes g}#3| 47} AMRAAM 7| 7
e HEF FrIAEA 43S, 44 2,100
gk =hejo| Alokg Al Assdet

) 4]

e, 19821 o, EbE £ &
of4] m] & Aol A=, AMRAAMS| 74
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AzHgE §, B4 Al2 2] AEsiAE A A
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Hughessl-8-2] A= Raytheon4}el] 1 8 3}
2HE A4zt ZlEARE olakskal 4l AE}
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ODSJ\RC |

14,15,

FULL SCALE
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LOT IV AND UF COM
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I & Efld'll' &E
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¢ ) 1T PROD DELIVERY

B N O |
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a2 o) AlddsdekAle, 1986w 2 74
AldE Aol=, A8 8T YAk
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1985 Fuboll 4|23 E Al UstAl A4
5ol gloe], HEoE 19861 Zo 4|
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#ii-e] F-14, F/A-18 9 =|a| e H-
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F/A-18
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43L&, TORNADO F2 ADVe
AIM-12008 Ea% Ao|n, SeTFo
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~i§7~
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J1Ed JlE

AIM-120 AMRAAME, ct53 AAF
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FolAbd B A, A F7z] dal FoAE A
$-, FeF 148.5kg(SPARROW : 228kg),
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ROW S 3547 9 AA0E A&
T e (wpelA A4sFdol ddle 2y
Al FulAlge] HeA] ¥E)vlArdE g4t
gho| whghAslelbedl 27| kg wbgte
of, o] wu|apel R AMEFA] g &l o]
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4 Reh Vg 3% 2AYE 4 27 o
Eeolet.
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#He Holch
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e} 2] 24l £ AL E AEFgoR
4, ole} 2 Z4F FA4E ZAl sigich
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2 LER #4Hql fFEUERY, o=
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Zoleti w4 Qlrh
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T G oeleh vlAbelE U 4§ (Mid-
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Mid-Course Update-Guidanceut4 -2 )&
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ACTIVE TERMINAL
GUIDANCE (HPRF/
MPRF/HOJ)
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