95

FBW Alo] A|A"le] A4

(& A

LA & . Sg<2
I. FBW 7%2 §7%

[.70 &

FBW(Fly By Wire)= #7192 W] ZFA A8 (Flight Control Syster,
FCS)& ddsts W Fe stu=A. (I8 D A8 T 7143 257
AF (Y 2yt 2ol A /AA A, AFRH, FEAF7E AT Helth. 7]
AR Z2FA 28 A 140 FCSeHA, FBWE Al 24 FCSer E2]2 F 3
ok Zelel /1A% 223 @ FBW FOSe] 43¢ g5k ohewt 2ok

v Fof : <A /22 S0 (Stability/Control Augmentation

System)& T §3l, 8 Aoj7|=& oL vy o|&Z WASH] 97
z} o) A& o 2A A vl 9 (flight envelope)olr A2l F
%H:f} A BvAe
@ 249 Fv) : FBW FCS 387)= 1% 35 EE 479 thEs) 722
AA =of B]g AEgo] FE T
@ 949 F1 : H|EA ] HRE RE Afdlo] HaiA|o] AFE £ZE

A FHLR FT+FEEH
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(38! 1) Fully Augmented with Mechanical Control System

LIS fl(}.., oAELES CONTRTL SURFADE

/ POWER BOOST

FAPARCE SERVOALTUATOR

FBW

AR-DATA '*(*hi-"r KED

- M}ﬁ“;‘ b

Aoz IgHe) Ang, &7 AgFoete 7R ¥R s
ole] ARl sl AZEL ] P fAE &

g3, A) 34 FCSE FBL(Flight By Light)o|™, FBWe] o™ Ze] 3huel
AL FEATN SRS AT dAE & A 28T JAVIRH, 244 2
AFER FEEch 22y QAT E ol g dg4d £ 47 :1-7;1|oﬂ 9l
€ ez deA e 1980d o) diREy gl 35 Z 459
FBW FCSE e 43¢ 1 hEAQ AR E (E D3 2o},

°l#g FBW Aloj7l&g #37] 4% & 2B A drle2 disdn gle
o, ARFAMZ o)t 7]ge] A 7] H3ta gl Aot wekx 0 g
TS Bokg A o] Botdl tiE A7} 7)E £50l EpHelet & &
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2 =8olME FBW AlolA 29e] Al

FBW Ao Al =wle] 74 97

ol & 793t V1RAQ 22

o 2 TP hd U BN Nadinst o,

(£ 1) FBW AARS] XS

B FBW He| E ]
F-8 2%, ofd=21 1972 FBW 4+7]
TORNADO 3%, ofdR 1974
F-16D 47, Y8 1981. 10 YF-16 #z¢] %} FBW
F-18 4%, YAg 1978
LAVI 4%, tX € 1986. 12
IDF 3%, YA€ 1989. 5
B-2 4% YAg 1989. 7
JAS 3%, dxd 1988. 12
RAH-66 3%, gA g 1994. 8
F-22 4%, YAg 1990. 9
F38-X 4%, Oxg 1995,

RAFALE 4% A4 1992.
EFA 4%, YA 1992.
A-320 4%, UAg 1991.
BOEING 777 | 4%, A€ 1994. 8

1. FBW F#+%9} &4

FBW Al29€ A Uiro] vaie) &5

Nt

© of fr o

b MIAME

FBWS] 2541 87]%5-&

A8 FEEEY 2FANY] 2F
738 (Flight Control Computer), 28|32
S F3he TFAAF(Actuators) & F-EEHH 5
Zt MR- Al 2="lol| tistel =371 2 g},

A% s =

Wl Hatol AP YA xS

AF

5¢ BAse A

| A 5 (Sensors) 2}
3t
o] Alo] Al we} FF79 =
AUttt 2 FelAe 4

5 A7) AdlAE FEvle s
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(Z&E, hEE, w52, 2 Qrlngdd)sh AAE &L Bev) o o dol
e FBW Alx~slo] 3 as slxe] 2F¢} v|al 2o A7 u] FAFZ (MIL-
F.8785 MIL-F-9490)0] Be® §27] £% (maneuvering)s] #H¥ Spec.&
ulelo 23} Sensord} WA QA thste] 7| &t mA} gl

1. &= AlA

A= A2 ua of] 712 whalo] o] 253 gt A4 L A& E &
e 7122 Z18(Gimbal) P27 # 29 2EYTHE (Strapdown) F4]2
2 ZEEC = sl&e 7E84kale vertical gyrogt directional gyrog A3}
of XA B BE 2D, AEE ZPE A3le] rate gyro AHESHE W
o, HTe} AEYchE WAL 2 2R F S Aske] vertical/directional
gyro tAlel] rate gyro o] &8 o 2 HE] AFEE o] &3] AdslEz 49
9 ZAzksle] Aol vl wekd PRz ~EYckE U] fEer 7§

(T 2) FBW A|ABIQ| ARRE|S MIA]

FH+et mi2tollE MAF
forward velocity acceleometer, air data computer
w vertical velocity acceleometer
q pitch rate rate gyro
a,  forward acceleration acceleometer
a,  vertical acceleration acceleometer
a angle of attack acceleometer, flow incidence angle
¢ pitch angle vertical gyro
/ altitude altitude sensor, air data computer
M Mach air data computer
galgl nletoe HIMF
)] side velocity acceleometer
P roll rate rate gyro
Y yaw rate rate gyro
@,  side acceleration acceleometer
¢ yaw angle directional gyro
¢ roll angle vertical gyro
8 sideslip angle cceleometer, flow incidence angle




FBW Ao A =ge] 243

O
O

= FAlolth o] Wl &xe nEFe FHHRE air data computer, 7tEEE
accelerometer AbEale] 2335t gl (¥ 2)9 FCS FCSd Al&5 71 9l

gFe £2 FEAFLEN 29 23 sensorE A 28tk

2. A g FAQx

AN e i 33719 2 v ddr FGAaEe] JMsstn vgRF @AF
v ZAMTE (MIL-F-8785, MIL-F-9490)0] 7F3€ ¥37) 3 #d9 7%
Ag 83 9EA £ Je AR HAFsladol ). o] HolH = § d 24
Hawk 10059 A5 e 378 7|22 F8 AMEo] HaF zF oot
& 9 WA AEkd ez et

Ll HIMESE BFE (AZEH ] Sa)

WP EEAFEE §37]9 BE 715 #F A2 B3sle dARFo R o]
539 F7] A Alxgle} 27138 1|1 o|§F9 vl 5 228 TFA
2% 4 thEg} #e] (redundancy management) & 3 273 ZA/HE/5Y £

Z8% 4§ ¥t (0¥ 3)2 ¢ thEs) AlxEle] FBW FCS9| 74 9] o
£ =13 o}, B Holrs vaaFHFE o WAHE s 7 d4lERl v)alA)
o HA HA o ek 82 kS| Zlsdi

lo,
of
fo

1. n3dalo] =% 2A|

7V o] Aol EAR I = 2FAPL ke RE 71F ¥ dF-E 7Y
& & e g3V E Avditt gF7)e] BfRFAFE ) A== Aol
2 AR BE, 337 249 BN 2o o e ol F23A 4
Th dRbEQl Ao Alagle) FRE (2 49 Zeo] Y oy FFHe
autopilotS 38 ¢ 9o o|n 2+ 432 SAS(Stability Augmentation
System)1} CAS(Control Augmentation System)<] 7Jid¢] Zargch

wheta, vigA oY A& F+ 2FFA) (3-axis control surface) o} F 2F7A
(flap, spoiler, airbrake )& ZFA] Z2F 49 utel AH9] Aojst= 9&
< @t} (2™ 5)& FBW AoAgag dAste 2858 el 47]q U
Lol flight envelopu] o] ¥|3iz7d) wjel @slels 37 43 FHARE, A
A 8l AR 2dof tisted v FAMY & TE Al2S RS Aogalg A
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(E 3) FBW A[ARIS| ALRE|= HIM
F2 dA Spec. 8= SLTALE
resolution 0.01 deg/s ©3t
range 360 deg/s
Rate Gyro temp. range -60C~+80T
sustaind g 10g 14
service life 1000 A2k o]
resolution 0.002g <13}
Accelerometer range “5g~+10g
temp. range ~60T~+80TC
service life 1000 A1ZF o]
resolution
Mach £0.001 ot
Altitude 3 ft o) &}
range
Air Data Computer Mach 1.8
Altitude 55,000 ft
temp. range 60T~ +80TC
sustaind g 10g °%¢
service life 1000 Azt o123
resolution 0.1 deg °l%t
range -15~50 deg
Flow Incidence temp. range -60C~+80T
Angle Sensor altitude range sea level to 55,000 ft
sustaind g 10g ©|’¢
service life 1000 A7k o] 4

A "t} 99 2 AAE g o) RE ¥ P24 (Mach numbers} 1)
o ulgl wtEglo @A Ao sHEHEL 2AELPE tables 7T F AT
(Gain Scheduling), ©|A-& A% ¥P=EHFE S AT EYZ I H o] At
olg} g HlEA o Ao HAE A% 7Y Ao o] T Ee] FEER ¥
stn glem 2 WdS (F 3 Aelaiih ol9ldl A= AsA A #
HA|)o] E& A&l FAd it
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2. AAI A

FBWE x-E8])3)22 A28 (Automatic Flight Control System, AFCS)e| &
2 gutd oz MIL-F-87858. = MIL-F-94900]1} MIL-C-1824494 T8€
S (transient) 2 A4 (steady state)dl|A] 283 wtEAD £ IS AAE
ojof gict,

{38l 3) Redundant FBW System<] 0

e
i

R }s?& WG

S ey LRI

; . " ety 1

T fn i
ot B : ; REPLLR
:ﬁ_,_‘ v s : gy

g

FEL AT CHASIIL R et

fYerr aegiEas (103 1
A AR TAE SO Wi gaaix
BAEE X & i 3
;:ﬂ“ ;:éj:': S8 PO T SR B oy

(E 4) tjHIo{YE HAHDIR2 B

Al 71 DA A2 sciH|of A7 ZHAA A7}
T & 1930~1960 1960~1980 1980~ XY
Bode A% 233 2 SingularValue Plot
24 ) Nyquist 4% Al /#5754 #-analysis
srolR Root Locus Random Process balance realization
o| 5/ % o LQR He synthesis
PID Alo7] LQG # synthesis
AA 719 Lead-Lag 227] Kalman Filter LQG/LTR

Adaptive Control

35 99
Pleg | Fos e A HF 25)
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(T8 4) L oA LS 7=

e ‘Sysicm(pfaat),
Commands : VT e ulf) ) Szu‘m,;x{t) .
o1 1 IG . )= Ar(t)«wu(x} e
Relerence Inputs Jmf +
Feedforward
L Gain l__
e T ""!
1 g K

1

; i

i |
: Feedback Gain

It

(3@ 5) Mo A2 55

LR Boh nentiten i Gw‘i@rxmmngwu&j@@ :

Ct FSEX|

o] Aol FBW FCSe] 8 4 8459 kel 75733 b7ju S 8}
of wolghrlz 9. B8 FEAARN 28D A7] el B ALl 2
Aut olANRA = dubd o g & Z8 8] (power to weight ratio) 7} 714 =&
TR 7 AHSE 2 ATt

1. 3 F53A (Hydraulic Actuating System)

T AlaE L A vro] tgst 2ol 3R-Ee.2 PEE 4 Utk 2 A WA
£ #97) & (hydraulic fluid)e] F1¢l §-914 (hydraulic reservoir) = 74 vt
AA7)7] A FEPZol, £ SE3 e W/ e Alste ARy
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B7} 3 % Hroln mlrlgo R AAe FEFAL #4 Adurt it} &t
o= §g7)d ALEE FRAEL AHEE Fol7] 5t 27 T2 £9A
99 Apgstm vk webd, @ ek Alagle] wgde el dluigte FCSe v&
T 2lel o]ate] o] dglo] AEsA Bt 3, f4A12% el dual mas-
ter control valvel= §-ol| 2ate], & 71414 dFo] 28l f5t AUHE &
AA =M, o] £t devd] 7AA R AZH gFrle) Z 2FHo] FCSH
backup modeA] 7| A& zFd| 2jste] A|lojg = A Fot.

v &

2. FEYA A}

oA AFF 7 A2dS AAE d M F23 AL TRAE FERA
(Integrated Sevor Actuator, I[SA)e| AjgAlako|n}, ol 3hg7]e] deAldd=
v giA o2 AA et RHF AFBAE 22 o) (F 6)w [SAY AbF 234
g 83 F gAN-E HA s

{E 5) Performance Requirements for ISA

QTEE Spec., 12{sjojok B ALE
ARE/E Y £5 v 34'111 ‘&'fb‘} AR
Max. stall load (kg) A Rolling/Yawinge] 2% Bl vlA=
Hinge Moment
Stroke 7y 2ZHo Aol ¥4
Max. speed {mm/sec) AllH 2 AN fesd S 24 £
Randwidth (Hz) AAHH AN Regd B4 87 27

Static/Dynamic Stiffness (Kg/mm) | Alojd# 44 8727

Load Characteristics {(Kg)
Constant Load Ao¥A dA e+x7
Dynamic Load

Resolution)

(xx % of total travel)

3% Alole) A dE A B
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1. %53

ol el HBEFASY P59 T FBWS) 74 2 152 A
skch, 13k wlsh o] FBW FCS 4A7]&€ 83/714/271/3A4 28] 23
SAHT, GE AF7) L B 27 o) DA RN, 1 24 Aol
st} G719 45l AFVTT sel % o] ohlth. el WAZANE
olell thg BAYIES A4 HE) e BRsld A% $AA Whn 9o, o
o ta 7)1 2ol AL Flshn gl ARolch,

adme U GFagle) Eoke faAE o okl w2 P et 28
AT BRo] 2 VS BEa A Fe A7 B solob
s, o] F9 Tl A 71255 o2 kg A4 3] el B 9 8o
JEES N £ AE Aoz gEn



