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Bex By ow Ay A Hot

1) vlgAlolA] AAE 913 43 AT

2) U v PR HFEH AZES S g

3) vl A oA A8 A E H7}

HigAlol A Al BMAH AFYF= Ui vl 7}
A grsolsts 7 5EA (HQ.Handling Quality o] &
St AloA A a7 EAE AR AdA AlEEie v
A AFE EFEA AA/ANE AoA HA, 2elx HF
o2 HAAZ/HAY Aol o dAHF HAE
AR A At o)e} 2ol A ATH BlgAH L, Ol <
12]Fg dAE HgA o HFHA 78 (Implementation)
a7 flsled HldAlo] ~ZES fE1FoR FA4sH
24 (Software Requirement Specification Document) =
A A A " o] EAMd 7jEste] AZE 0] sE
22 19 1d] =AI9E Top-down 08 AEEF 0]

9] 51/’\3 @j¢l CSU(Computer Software Unit) 7}
iEE & AA/A9sA "n. oj¢ #e HAXE HF
4 ]‘:EXHOVJTTH g2 AZEY Y (OFP : Operation-

al thht Program)+ tA| Bottom-up #4l02 AZE]
oo Hof AT CSCI(Computer Software Configu-
ration Item) 742 AV EH 7} 15 93l 5gHoz AF
o] "t} of¢} o] AZURH AmEY = A vFgA
0174“E1§ o] A ¥l o] (Downloaded),j\_&EﬂOi Al &g 7}
9 t& GA sudel F amEdY dAF FEAE
(Hardware and Software Integration test) 2 J_OAM] .4
 AlEFolH AlER7bA] RgE. o] of EAEE
ZEJY SFU vsAloly A dagEAae -Erxﬂdéﬁ
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& A FRAA R A Y9 %"‘51 AEH 7t o
2 AXA Hz, FFHez 2=M¥ (First Flight)&
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I Control System Analysis & Design

From the Other A/C System

Software Requirement Specification

Requirement

lSoftware Development I

+ Req. Analysis
» s/w Design

« Coding

CSU: Computer sw Unit
CSC: Computer sw Component
CSCI: Computer sw Configuration ltem

« HQ/ Control Law Requirement Def.

« Aerodynamic Characteristic Analysis

o Trim/ Linearize/ Decouple

» FCS Modeling {Sensors/ Actuators/ etc)
o 3-Axis Control Law Design

« Nonlinear non real & real-time Simulation

® Aerodynamics (Aero DB)
® Engine Dynamics

® Mass & CG

® Structural Mode

Verification

[ Testing(vav) |

« Code Test
o HW & sw integration Test

« Pilotinthe Loop Test

T2 1. FBW [ OAIAH A2

2.7, A o{H | MA|
At o g gg71e] $uEA-L A e 3—% (Pitch/
roll/yaw)el 1}%21‘; Ba (Force & moment) 0.2 2%
e g 6% nEggsor addn ofu, v
FA o] 2A8H = 2 %%7]9] Hlﬁﬂ—r%‘ e e}, & ]
o

=™ 2 Ho o

g 9 Age &l ¢

sl zo] A g) 2 —%%—%*5‘% *d'o ShAl 7] A .
=

% (Longitudinal motion), 22|11 ©
& 2% (Lateral/directional motion) 408 TEEM,

T E7 e v x1E AYstas o]EAle]e] o
A (Coupling) 3= TAIE & Az &7 ey
o}

vl 5 AAA diet HA e tzAe 2EAL <
Astd g F2AQA A, Hdstor g7l o
g 918 75T e BAE 4 dnE A" Aor
F2 1) FAFFAQ MIL-F-8785C/MIL-STD-1797/MIL-
F-9490D o) Ael=lo] ot o AA e7z7Ae 493
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HogA, Hx vgAody AAPGARH T
GA7IA] S AFEolop st o] A
ZEA] o9 7] AR ddstn
dgsp FAslEE s AR ¥ 54 44 (Flying/
Handling quality requirement) ¢} wj3§Ajo#4]  (Flight
control system) Al @ Aut F4& welsii o,
g 20 FAF AlojA STHEA #He i 9FF

A JAZA BAFa Sl

AL A/ /A Ve dElel tiet vl Aoy A Al
stod= ¢ AEARH B A7 JdEY g 53], F
Aol 9 FHux 7 tﬁ/LQG—LTR/H—mflruty/QF'I‘f‘.J

o Aojol &g ngiAojA A HE&e AfAlE 4
Al 2E ¢ do8-12]. &g z‘ﬁ_nﬂoﬂ A s FErEe
Hot A v o A5g 9] A3ty FEwZ WEHY
(Thrust Nozzle Vectoring), =x= 371988 o2 th=ag
Aol Z2FAE AMgsls FAloly, el o &8 A

oA 2EE ] e e o ddf Alojo]2EL H|
GAA A IR A8 5 ol oA PHE 7

I odeh 22, o] Alofelggo] vlaiAlolA ] AA A
AAEA 482 of dEE o Mz bE FAPER
dsted (el 29, N7z 5540 EXA dAH
= Fg7lel JAF AojA e Fdl= LQG-LTR A4 7]
HE A8 g, olE B Aoy AAE
= 2AHY Aojel2& Mzt k. F, flofA dwd
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%]
(.
Ta
o q 7, (sec)
0.20
Dropback
Level 3
te= DB/Q ty Time 0.15
0.10
Level 2
2q,/aq, - Transient Peak Ratio 0.05 Abruptor
ty : Effective Time Delay Level 1 oversensitive
at {= 12-11) : Effective Rise Time e
q _Aq ! the Load factor rise time 0 2 4 6 8 10 12
Max
2q, Waw (rad/sec )
s | — - o -
Nzgg A[;T b —_——
T Ti ‘ 4
bt b ‘me B) BW Requirement for Category A Flight Phase
ry g
A) Definition of attitude dropback &t / ql Nz

g 2. FBW Z{X|E Ho{A| SEHEYo| &gt 27Z7(LR).

gz vgEdeye] 4 g ettt Hale njddE & olef g Fz MAAAR thsle], A MM FH=9)
TE54& H8A &9 (Linear Time Invariant) Al 2gle] g ol FEHAA thEst dAske dialdl, A AlxEU e
Foz AT &, nlE] Heold vlgA o]z vt Ef fAF Al Z2EARES HHe 2FIIES} (Sensor

A olE 2t wigzArin Aojelats HAsA "t olof fusion), T Al 28] 7SS4 A% 24 #37] (Opti-
ol AAE AolAAEL 7 vz Yehle Sy mal Estimator) 5& %= o|&808A, LAZEH 0 o

SRR R AR B2 e 58 B2 U A @ dsts dusts ddg s ldE 24 e
&3 (Gain- scheduling) 10, ) dols] Fehe v ALs AR 13) Gepd, WALl el e
g Ao A EEe dasle MAeES Aolshl Bt nge fas) pen el 4+ AEs FAYE,
7 A shelels s ApsEAE 494 sge
2.2. CHES} DAl A Ay 2 4 Fetels BaaAY 93e v o
9] HAoi2ge) 3 PRk & A A2/ 4 44 9 o) BRsl AAd Be el Dol )
H2A 2 A S el JER/EERE ¢ b el
Foh AFolol 8 AlsEE ol 8 aadEhe o] @

oo AR, VA el A ANV U 23 REEA| AAY A

ot MigA e £Az AAB 5 Atk W, vgAA S ARG} 2 B4, & 457 239 (Power to
o Fag BEE A2E0) A5 WY ok A weightrato)7} S FEAAS) Hlale) av 4, 10l
Nage A ool o8 AR oA Brh 3 (Load)EelA 2 34 (Stiffness)o] o $ 7] 9%
ol ARy AN HBACIA 4 FHRAE 3-F E o BPe AHoIE wad 3 nuw (High Bandwicth

T 4-Fo2 FHalo thes dAlsti, o] §5 ugo] ¥ o] AlojEAo| $-3lths ATz ddtd, FUARAA
A 92 24T TARAE BAAY £ 69 ABE £ 92l 260 PEE A9 HUB Hon were
FEAAE g Adiest gialstA sk 188 E AlolAl A3 Qleh wEh A= AE 2pEe AAE 7 e
~8] AA (Fault Tolerant Control System Design) 7} @7 Alate] 8- E (Samarium-cobalt) A AA Aol 438
sjojzith o] A, Y] wAS AL, ofF #efAl7] oz MPA7|RHIF Aol B AEs 3 2¥Y
2 A d= 7] (Fault Detection/ Isolation/ Reconfigu- 7 v AHE B2 (Direct Drive Valve) 82§94
ration) ¢ AA = g AAAESE shuto)th X dFoo)E 7t Faly A7) 4y (Electro-Hydraulic

AnAeE BEs] ARy $87% o7



Mag (dB)
Closed Loop Performance Requirement

ISR NN NN X( Freq (Hz) (1) Small magnitude residual self oscillation
X Nz < 004 ¢

(2) Actuator performance

(1 @ Bandwidth & phase delay

3
(3) Structural mode suppression & noise reduction

A) DDV Actuator Closed Frequency Response Requirement

Actuator RAM travel
Actuator travel after the 1st channel failure

Al + —
All parameters of A1, A2, T1, T2, T3 are defined for each specific

actuator. In order to define this, a combined analysis on flight
| dynamics, contro! law, actuator dynamics and fauit monitoring system
| is essential.

a2 Hf— — —— — — —

™ T2 T3 Time (sec)

B) DDV Actuator Fault Transient Boundary Requirement

212l 3. DDV dlEofjo|E H32 M @7 FA.

Servo Valve)2] dlFrollo]E1 & thAsla Q= FAlo|th. b o] AATEE 18 3-B)d ZA|HZ S%EE T} 8ls
FAALFEAA FHE = Az et 2FHY HYE A MEEE A7F Ao s, T F Aozt

Aodle FUME IR AP osE 3-F B 4-
9 vF3s Az AoHY, 4%

e stAl 7l o 2 A ool o] B T
7] &4 FAhsete s AT

o (£, ‘:‘”t’xﬂoi A7 7} s

e ol

=]
=]
-

TEGA Alz=Elof g A
719 71587 A5 F¥E  AEE FEY H3 T 14]
2 4554e Aste A0RA, ol did F3r]e v A DDV A Foo] e o] AHAQl A of 28} o] A
Fozt 47 MR dfdolHe FHEAHS Rz 2] 957 A/ At f U|T momtor/] TZ7}
A3 & Aol "k 1y 3-A)d] THAAY A=z 2% 49 AEGIT o] Zgle] AeE fault monltormg
SH 27218 B A% (Bode Plot)df] 83ttt A FxE oujsia, 19 sidie ‘%’?‘r ol e]g Aoz
T FAd e dFdole] £t (Deadzone)s¢] ¥l UEbATE HA Ao Re FxE z_,‘o] “‘336}"4
Ay gzl od g7 $59 AME FohEF (Small 1) FEEA A5E FAA77] S BH (MCV:
magmtude self oscillating limit cycle) S48 & WA 3t &= ) Master Control Valve )2 o&d|o]¥] RAM feedback,

T ZAZ AR 3, 3 Fape dodlM e dFdol 2) +EAF 93 (Current equalization) 3 & : A &
Ei T8 $EEA4T HEA 2o BARE ¥ A4 o] WY E L2 inner loop gaind DDV A& W H o]
=50 l AFE R For, FAld 2FH FFo B i 7%, 71559 flapper nozzle type?] A EHJ H] 3
9 Z (Bandwidth) @ 7278 *HEAIH § s 1% FWEje] FX o] 5& ZHAET uetA, thE gy o
*c}i]gl B &7Fx0] AAHh 2FW FF dFrellold A== 7t Ade) Fedfie o Ads vjug o
7t EAIACY Sl Fad E U QFRAL, AR A2 & #4& 28 7hsAol A7 B agER,
Ao olEl7t st Aoy 7] wEd HAEE HozA, ol 19| F stito] e el o] 7t xjd e
TFA dFdole] W9 ATHeH A AAd= M voterdl] o3t Meld F7Hgk (selected mid-
(Fault transient response boundary) A4 &g ZHolt} value)¥} ¥R E 3, a7l A o2 ®HASH FH
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Simple Model for
DDV Actuator

RAM 1B =7

R |
L

S == NN S
| |

o Kuew K 2:0dLPF
Bommand |1+ ST uew “ w=188 /s

] Servo Command Wraparound

e Channel Valid

DDV Notch Filter

Servo_snabla

DDV & Actuator

Servo AMP

2:ndLPE D i
w=1445r/s

=11

MCYV Dispiacement ’K_L MCV LVDT
vig
DsMOD
RAM Displacement — ACT LVDT
Kam

DeMCD

72} 4. DDV Actuator 2| Loop closure #0of kst

TFE2 Ho vk dAY Fade AHs o=
M A¢l gk 9 LPF(low pass filter)¢] bandwidth 4
Hojm, et AA|z2 YuE 1o 3l equalization

of HA =% e A Ao s A

w1

a
29 4o 4R A ool Azdel faul
monitors= th-e] 37 A 217 FYEZ TAF ¢

1) MCV Jam Monitor : DDV i 2
=20 Wawell 3 Alg
WH RS ¢ %zto] WAl
Atk wed, o] M uEe] W PEAF
EH?S]- HHHB:L,,] ] :HAL/Q%
35 -LL]HKH:]’

ojodg Hoj U= ol

et Joaid o

2) Current cross channel Monitor | z}7]z0d  (Self-
channel)9] WBTE AFo gk A€r] (Md
Value Selector)d] &laled A&z zke] zpolr}t A%
g sEdos Woll H7, ArlAdel Ait 3
Aol Rog Qlalgit

AT g 7
)
W

Og = [
W}, A&HoR (¢

7hx€lH, o] & MCV Jamming

s}

3) Actuator Runaway Monitor : dFdlo]H %9 7|
AR Age pAsp] A8 Aoz, Aoy &%
S4¢ 0 mde 2AAD (LEE 1t A4

S42 I8 Ug), ©of RdeY 3 A dF
olole] ¥9l& vlwalA] ®roh el #ek e 9
THEE dg7] AEHIE 8%

o Fdsirh
9e} #-& fault monitord *‘74 = pARge
784 (Threshold value)ot 31244 7]t (Fault confir-
mation time, e" )& o] HHow HAF= sl 2

ARk

O>J
\l—’
b

olg& U Al dAehd, 34 olzTd A% £
W o s o)zt J*D*Eloi tEAole] ads 7
A g o, 3 UF A AAst dA LRYH
& YT = st AxE e sl g A €

o 8, ol5g HHow H4shs GFE Ao plantd)
g7)e] AL 54, gAY He] T2, AFoo]
HAFSH5E S84 0r nosol o)

3. o7LE(R &D) AlE0[E{e] 74

R & D Alg8olE = 3719 374 Ol
SARE HlgAIHe HF

2Ele] A/ AL BF
Tool o]t} 18 59 ojo]

o, B e 6] FHE

oz Ngss zﬂw
NeFgom A5
2 o] %o Att,

3.1 HERE AlAIZE 2AF HEE|{(Flight Motion real
—time Simulation Computer : FMSC)
v o] 25 AN HAIe R Ak o=
AMREHY, o] st T AZEJO RES 0

o714 e o2 AAEeE 2EL n&ow A7 HREE o]

24
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of &= ES, 123 0 07 HEH REL %Koz A
By BES 747 ouldit), T3, ¢ 07 HA|H AZE
dol 55 4 AN Hio] FYHE LES, 122ln
O o AMH BELZ, Al 474 Aol HAA, e
of met AAZE AR TFAIAY A" - e BE
olth. of7|A 34 AAIZE HEolgh MEY YolEd it
Nyqu1st T oA E 80 s, A" v
AAHFH MEY #HolEY FHa 49 o]Ate HRERE
o gt g, A% A2 Y HPAAAGFEHY HE
Y HEZ AFge gt dvtEel FBW &37]9 f
A Aolg HF WEY £E= HE 60-100Hz9] 9| A
ol FA sk, wetA g HEolg tfe 250Hz o) 4te]
AE-ET g ofu|it)

® ¢ 337] &5 H|4E 6 DOF n| &g 4]

o ¢ 32 TojH Ho|x, 3 RHE A 2E

oedn : 4l

A

O &l thojue A 9 28 At

0 O AlA A2l B FEAR] Yy

0 ¢ FBW H] 8§ o] 2]

o ¢l 7o)/ AF RIAARA/ (A wE wdg

3.2. B|HZF 7HAE L

R&D AlEd|olele] 2FA L HAlz AdE dgr]e =
FA3 7hed & fAREH sEEoIR o) s, :EFALY 9]
#7332 (Pilot inceptor)ql A8/ »28&/ J2%& A4l9
A FUstofop gt AAE nlgiA oY Hol <} & njahx|
o] HQ (Handling Quality)& H7}l7] 9lled, Haa] <
Foll og 2FAA AEE JEAA ] HEE A=
AL Ao AALE F7Y8le] d=aA] HBedy, BE
50 HZ ol’de] sl ®Wg&nrt apHTh #4719 A g9
=, YA Ao v 7|5 BEE YRE A g o
2 A¥st= HUD (Head Up Display) A4 A RE Lo
(Overlayed) Al8A]7]= Aol a5

3.3. RIU(Rig Interface Unit)
ol Aule] ¢ AFZ shie 1Y SfMEZ H5o],
Alggolelel 7 74 AuETt] ¢ Be dANTES
@E*ﬂoi AEe] BHAA el @ HE (Interface) A7)
& Tt o & Bof dysiw, gl el At
E *JE (Mach, 1%, B¢k, %) €2 oM Ay v
T AN BAF AFE (FMSC)efl ofsiA A4k
aeu, AA HgAl A AR E o]EL PET“ 2iFaRNS2
H3l7] (Air data transformer) A4 g2 HE Z2¥ o] u]3)
AlolHFHE AAE0] Qirh WA, RIUE FMSCE
mAzEE 9 NEES HA YriE wildA 24y

o [lr I
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A5 %A (MIL-STD-1553)¢l wH3o] H3iA7] %
g HgAdTEHE G5 wes, waA o7 F
of WHAAME BE Aast AA sh=dlole} 3—351 of 9
Ao BolA sk Aoltt. ol HlgA|o]A] 2]
of (2FH AZ/7EE A/TFEA 5F) "EoﬂE F
3t | €.

A

m9 S [ S B ol

[

R
o] Fule] X UhE F9 7|5 ‘ﬂlaﬂﬂl"i@%ﬂq S/W
1 H/Wulks g2o 2 Al8grlsls 240z »ozj= 4
lom, o s ol )7} RIU B A AHE A
44| (Engineering Test Station: ETS)e} ojn& 7=
th o] A%, 4% A& AZHE (Frequency Response
Analyzer/Function Generator/etc) ETSe|| GZAIA 23
NzEA BIGAAHAFHE HPAI|Y, ole] FHEHS
ZAsHA A

plst

2

3.4. C|X|g H|gix|o] ZFE]

R & D AJgdo]Ho M= Ao Al A8 7 #g 9sly,
v o] GAl == A st=dlolrt Al ol E3H =,
4$] HILS (Hardware In the Loop Simulation) 7]&0] &
= EET e, ti g ) A Ee F0EA Al A,

o] A Xﬂlo‘ﬂi FH rEo] Atgo] TesiAl=
oAe vgA o HdFHe R & D AJEdolHe d4 A%
olty. FBW @g7]el H&=E Yetael naxlof H7E
S/Wi= th& 2t o] =27 67) #olkz vl A &,

a) Executive 28 19 I8 F9 2718 A45H v
Ao} dafo #3F dede] o] dF/AE (Job allo-
cation/scheduling), A| A8l 7+ Ad Z7)3l, olE g
E 28] (Interrupt processing) 5% B| 34| o] HAEE
A ) BawvE a8 Be) e oD

b) E}Fﬂ el 2 gAolFHE HEEHE vEs
¥ RE AT B A5 RE AR, 15
A olE FE/dA e d& ?@Efﬂ‘:}

c) A71A= (Built In Test: BIT) 2% : 327 ol&
Aofl, T v Fd H]EEXMAVLD
FEE AIATHE 1o R E A

d) 94 &9 A2 (/0 Processmg) BE HEA] AR
Elo} A5 = a0} Alare] BE s B3
o d 24& A VA g 48t

e) HIF AR g 1 1 ggr|e) 3% &£5& Aol
= HEA Y A g da it

f) 258 754X Alol/EUHE &

i

35, =& 1=
test bench)

dlZof0|E{ A|EZH| (Actuator

i%—‘?“i% TESE dclolH e SR ez AE 9
¥k ZHloltt. Bk o AR A<l dfoo]E] A5Alge

Aol - 2gs - Al E) 2] A3E A2E 19973 39



Man In the Loop Simulator

FMSC

Flight Motion
Realtime Simulator

Math Mode

Flight Motion Dynamics
Flight Control Computer
Propuision
Aerodynamics
Atmosphere Model
Actuators & Sensors

Flight Motion Graphic Display

@ 3-Ch Projector System
® HUD Overlay on Screen
® [-16 Level Stick,Pedal
» Visual Image by GVS

® HDD by VAPS

| Rig Interface Unit

810 Processing

WData Acqumrtion

Stripchart

s Pilot Controller Interface (Stick, Pedal...}
o Flight Control Computer interface

» Actualor Interface

o Signal Display to Oscilloscope &

\

| Flight Motion Simulator

Thwes- &1l Malien Soruister

9 Ajrcraft Attitude/Rate
Simulation
- Pitch
- Rolf
- Yaw

9 Navigation Sensor Unit
Performance Test

L

A

| Dynamic Load Simulator

o Control Surface Load Simulation

B Actuator(DDV) Performance
Test

Pynamic Load Simulstor

Digital Flight Control Computer

Triplox FCC

B Flight Control Law Execution

%%% 0 Built In Test

9 input/Output Processing
9 Redundancy Management

A7 e

&

ok!

71 Ale

T8 5. R&D A|E2|0|E{9] 7.

$81%
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siall, =FHW 75 dFoolHrt g7 74 ”"‘]r% !
DA By g/ 2 AH Y] A inertia T& HAME
T 9 71AA AA (Stiffness bar/Fly wheel/etc) o]
Agd & & 9tk ojgh |, dFFdl|o]E ¢ 0}?’\]?:3
(Loaded test)A], Hlg} Zoll 2FH 9o} B34 el
o uwet ¥dle 94 FHEE A3y 9§ uE dFd
ol WEAl Hasdirh 32 RUE FH= foA Ay
H FMSCefl A Aabsr, wel odFodolee] 3 A7)
(Force controller) = Ad4o] Hrl.

5, 75 dFdolE e AolA 2 Fault monitorg A
AN EERE o FeA o g AHEE]E Test stationo] 2
asteh. o] Test station $fell4 AHE vlg| o 7HFE
*]ﬁé%‘ﬂ]‘ﬂ ETSe} 7)58 oz Fdst Ao gk, dqFdo]

B Ao} Al /Fault monitore] 72 2 Aol ArZL HA A

4 _TUE 'd7ﬂ Wl ¢ e F9XL (Flexibility)
zrojof shr, S ool QJEEE HHANT et o
FrolloE o] A J"é e J}Té"% STHELTE RAlSIL

392 (Signal interface)

T4 ¢ A st gA A
g e 7sE Aol f?}E}-

3.6, MIA A|&IEH|(Sensor test bench)

v o] 3AH &%L 7H# 8= AA (Rate gyros/Navi-
gation Sensor) o] JFA @S 94g Fujo|rh. o] vl ]
A o] 3-F HE (A W 2 4?—‘:)0 A& st
+F HolEF o]lF Alojste Aor|z T LT
AAE HILS A @3}7] H3tod= FMSCOHH Ao Ze
e A Az g A& JH et 3-F 5
Oluo ;FLES]‘J_ o] or,—_ E]O]HO]O{] z]—zl—EJ }\10] ga
AEE A Bl AFHE g5} s} OI% H
FAAAFEH A& a7t AA MMM ZE s
ZAHE glont, FMSColA a)8A] 3% TL‘ooﬂ sk A VJO
FaEol B 3HWLF AEY o]Fo] 3-F &F HolE
& AR BgAHFHE g = *}OH 1L AL 1
g gl =

3 gmo

rl

o

O
|

4. A E0|EE OIEE AMlEYTI 7|

r

dutdlog gy7] AAPE 9 gAAE ¢ (BEx
ploratory Development )2} A A7) & tA] (Full Scale Devel-
opment) 2 A FEE ¢ [15] gL
= AA U g3l FAJR/ SN SAE &
A9 A 9 R AYeIA RH 33709 4 A2gEs
AA ez /dx e 7]%?
vg % 3
(Tradeoff study) & o} ?é}%? 9] 2+ Algel dig 7] &
A ghadch T8, AN & &

72

A]}\E-ﬂtﬁi 7]E/K47;ﬂo” :1._1 }oq /(1
o] iy, o]F BF F3H A
& A E (Flight test) 0.2 Y& & &
A57F ek R & D AIEHOIHE Yol AHE A
W 7)7bE]t &3v1e] v oA AR S *2741 5
g8t #9 Tool2A A}%au} a8, wslA)
FAstE HA o HFE/EER /A Sl Jl
et Ao Fub) Aol AEAAAN R FH 4T}
sElAEg, A 3goM H4HE R & D AIEH o H=
o] 3etA 2 FEEo] AMgEe At

® HQ(Handling Quality) Al & o] €]

o iAo FAE(AE HPAALFE /5 GA/

Al A 2El) A8 7}
® A Huie Al o)at HILS A 957}

4.1. HQ (Handling Quality ) A|22{0]&]
AAN ] 27 DAFE BgAo A FAE Smdlol 7t
A=H7] AlZsl= 7] AR 7 @] o] &,
a9 59 R & DAEHCIH FAZANA 49 3 F+A484
QI FMSC/RI8 &% 7hrlspdu] 2 234 /RIUR ] AR3-H
o} =, H3gA OMH AE sledlds 223Eo (Al 3
o] FMSColl gt Ao A ¢ 24 A AZEYY ¥
=), AT Alsde)d Foj Rl g o] 717F el A}
& 9 dolE (Aero DB)& 271 &7 7|2y
o fH?J gy $5 Aero DB} 2o =)=t F0k7]0
= 72 94 a3/=8 W37/ 5o ”]74] '
stability derlvertives) 5ol ¥ IHE

&
A}
e}

Aero DB7} AM&- €t} whebx, HQ AlE# o] 1% H AN
o F7AZMA 1ake A7 SEEE HgAoTE A f
ade s AR A58 F don, a9 63 2o
Folals MY EARNEHAA F2 o9 AHE 2937}

&t H
1) 23 6 Aeoju= 4 vjgzadd tisle g5e
Z Hrieofot & g5
® SHH % o} f-(Stability margin) ¥ HQ(Handling Qual-
ity) B4 BA ”Smalamphtude" JHA T e,
AlgdolHzZ FH 59 b3 l &F HEHEF A7
s5 S4/FFT 5% O]%‘} B v a9
TEAE A &, 2] AAdACNAM gEH A
Aol Al AAA et Blal AE Falod, vigiAoly
# AAe] g3 e At ol Hr/HE Al
5 H8 Ao 74 (Armament)/AEH A B o
2 ddg avd ©pE Mass/CG W3S 2% 18
afo] A o] Ao} g
s HEAH T EARE

Dutch roll mode)

o o

B (Short period/roll/

Ao - g st - Al Es A A3 A2E 19974 3¢9



TypicalFight Ragimes _

Height (kft} A: Take-off & Landing

B: Mimimal dynamvc pressure
C' Subsonic

D. Airto air

E. Cruse

F- Max dynamic pressure

G: Max longitudinal instability
H: Supsrsonic

I Max aittude

J. Max Mach number

20

g DBoj| #at BAEA shA gho] A
o 7| A8 AFE(ADS) Az HAIFA(ADS

451)

oA o s zkne HEAg )

® “Large Amplitude” ¢JHAZ T SHEN 2%
Ab Bl E-A] alshs dwrded 715 (Pullup turn/

Snap roll/Loop/etc) o2 HlalH o] A%& F7}13ict
2) 19 69 54 HgxddlE HriEe g5 1Y 6
offAl ol Zhzte] -3t v ool 1 7|54
TE WM Qe BEE dFuge s
W, ol Al@H|g ZFA| ¢]dle] Cooper-Harper

Rate [16]2 #Hr7i=). 18
vl 245 A vl CE

ol E7d 10 79
o2 sfof s o

02l 6. HMEMETLNS XS H[aoe, w2 Zrh &, o] HPFAU A 7]FAl, FZH
Wi *}5&8 FE& B el A v o ok
& HQ parameters(CAP : Control Anticipation A 9 Z2A(Stability & Controllability) 4= 4
Parameter, Rise time for Nz, Roll time consta- 2 Z9l(Stall entry)& Wx| = w7} xﬂ 371{ -
nt,- - -, etc) limiter)e] 7]5olet. m2ty, §9] 7159 Sl
o8 o f 1 5e], BPTAAE AAAA A AN U 54 dEE AT AEHA 2
oA FEe FA W st A% PR RE 7 T3 Zo] HE v &, AE vy
o cdFolole] WY 3 £k ZHe] A Atell elsled Algdol g sk gt E3, o] 1
(Saturation) 754 o 5- of # Algdlol el B AP vgAL] HFJHE
@ Y75 (Sensitivity) 314 1 919 <M ¢ HQ %7} ARslel deldke A B=Al dasieh ok 99
A, T <At Hstel]l thgt migAolA WRE A 71 %A, Cooper-Harper ratingo] 48th =7 =
Mol et ol HQ Level 20]3te] 718 ¥l H|AY, Ei= AlE
¢ A 52 DB(H, Aerodynamic 1gA ¥ dojel 2 FE 29 nlaA &5 ddRee] $uE
Simulator test sheet number: 1
Flight Task: Subsonic, AOA - limiter
FCS mode: Normal
Pilot: Date: Simulation time:
A/C configuration: Weight C.G..
Tubulance & crosswind: No
Test # | initial flight condition Task Test objective CH Pilot remarks

1 M= 0.5 ath= 15,000 ft
steady turn with
30 deg bank angle

Deflect longitudinal stick
maximally with
the max engine thrust

Verify the mechanization of AOA - limiter 2
Check AQA time response with the other
(Req: Never exceed Max AOA, or

small excursion upto 1 - 2 deg)

Pilot remark after flight

2
.
b .
Different set of M, h, Same as above Same as above
. and Bank angle
N

8 7. AlE3i|ol&o

AFNEE G/ AgHolH 872

of gt Al

73



Aol A a7 UEAZA Eeu, of vy
z7ie) Aol ngh Aol 2 2 A A oo} T

4.2, BI3R|O{A FHE(CIXE HYHAHAFE/FSE
R|/MM AZH]) AlEEIL

ool A A 2 FAANE FUEATA = B A o]
A9 7k FAFEC] AEAAGAZ FH A5, g
oA AA 2 UYL Qlxy 9o HuES HA &FF
A vndld JeAEe Fesitt o] of 7t FAEFHER
THEE AFAEe gEE B 7leAdEe] o, o
TAE stedlol shysiurt HgAoAE sk Eg
REXolgls B4, & Ala" THA ST o] A1EF
7F @AM AREEE R & D AlEOJHY F4& 19 §
QA F& shgre 378 A 8.4 (Flight motion simulator
/Digital flight control computer/Dynamic load simulator)
2 o|Fo] Ay, & =FoMe o] I FHLsF YA
g v YA AAFE Y AlgF FHE Fo 1 AI@ETE
Bete =9ttt

AEA A A 2 e dgd UAg vaA ol AR =
gloje] 71501218 (Fuctional Acceptance Test)® 18
1A A™H OFP S/W o] 3T Alde] BeF A5HH, Y
A g v GFE S/WHE H/WAs Ao =
ool BEA S 3. 4.4A AHE OFPS/Wel BE -
Heorwz 7t FYAT17] 2d, & ZladAe A
A OFP S/Waol| A vleAlo] ] 2] Haol] Avbd REo =
ghale] A &xle AlEH 7L 7] Beld =ofsrE g
BlgiAloi 2] Agiwgd e AgHte g 22 4
HAE AH FeEt.

o veiAlol Al /i F A A H(Open loop static test)

o H|alA|ol Al /= %4 A E(Open loop dynamic test)

o H|gl A o)A #HE3x A=A (Closed loop performance

test)

o t|dg A oA HFZ nANWAAH(Closed loop failure

management test)

olo 3 M FEAl Aol YA, the] AtgS 24t o
Aol Aol F3 7] Mol dAR A} Fy. F, vigH &
FEAL gt vgiAolA mdd @3 Al AFE
5351, 2+ A g4 alE BE AFdE digh i} o
Z7F(Nominal Values)® 8z} #8819 (Error Tolerance
Boundary)el] gt Aejr} AAgxlolol sttt 53], Ha &
Lol AAL HEs] Fas AFEA 74 Al AMEH
= A&zA)|~de] A& 9 2 (Measurement Error) /|3l 4| o]
WA dagE 9 Aloila 78 (Implemetation) 4] A =]

i

Azt o3 ¥ x|o] wIZE(Sensitivity) Al /t]A e
A At 2]& Truncationd| 2154 B3Hog e slojo}

gk L7, ofe] A FEES A HlPFge] AN,

aelm dEvlel BAMsHTA U 98 Wz 9/ 5
£)7) nelEEA dEcl el dng, e e ¥
o Hrf. mad, o2 A53 Agae BN AR

& A stajof gt

1) BjsiAof A AT 4AAE(Open loop static test) :
Hjsi Aol 2 gae| Sl v]Este] Hjsi| o AFE <
S/We Wad =& A4 A= (Static parameters)
of AAgkol, A AFH HBA A 2 71Fgk
vt Ha} S EHUlA A F B FHEE 7HE Al
il Ae HHog gt} o] AEE Hslods 1H
S5olA =Al"E ETS(RIU)Y dx|& H|efA| o HFH
(DFCC) 7} AbgH, o] o
2)9 FAA Az J8Hth o] AEE 93w
& (Excitation signal)¥= ETSo| W AE ANs A7),
EE 9 AulE AMg-sle] DFCCz £¢% a1, DFCC
2 2y ¥y B NIES ETS ¢fsle] g
(Data logging)®t}. 2 thEe] A4 lxlgoe] AL
Hrh

o A 2AEYR Ao A AAEYA AEE 5H
A5 (Mach, A%, 2374+ -)9f A HY ol tista] A
&lx]ofof g},

® =& A} 9JEAE 2Ae4(Pilot input signal shaping
function) :

e v]gx % el & (Normal load factor/roll rate/
yaw rate limiter) A 8t AA| &3

2) v)giAolA MFExE FHAE(Open loop dynamic
test) 1 o] AHAEY TUS HH & 72tu FEHY,
rpgoz Folae HgAAAFHA 7HE 4 2
AE AARIG

o vjaiA| ol 2o A Alg-H FHE A [RbeF HEHATFE
ol Al ~AEHE Adle, ol A g Fdd 4
A 7 E ofof gt

o )+ HEdy 54 1A vgd el disle, AlA ¢
2 (Pitch stick/Normal load factor/Angle of at-
tack/etc.) 0.2 FE dFdolE Zeurtxe] )T
Agggrt oigl &8 g5 BagF sofof gt

o H&A017] 54 1 Anti-Windup 7]5¢] F&84 2F.

3) HlgA oA HFZ 51 E(Closed loop performance
test) D oj7]dl A AE HE2 HJeAlE tE Ao
IANH AEe Hsloe= a8 59 FMSC/RIU/
DFCC7} @] Ag-Hth AlA Alxel 9 544 o
olynl A= pdggjo] FMSCAA vldA] 5543
A AN AR AdEY, olge RIUE &3
DFCCz AZ"} &, $9] 74 yx|g Hlai|of
HAFE(DFCC) to] AA st=dolz AMSH dFx
HlgiAlo] Al & ofmjsit). o] A@dA M= A

elr

Alo] - aAF gk - Al F A A3 425 1997d 34



A/C Hazard due to FCS failure |

Case 1 |surface (PCS)

[incorrect controt of primary control Incorrect control of seconda Flight out of restricted
Case 2 | control surface envelope

[ All channels faulty due to FCC input Ia//ur&

| Actuator fault ] ¢« e

[ Loss of hydraulic powerl

[ I
[ Loss of electric power] [ Sensor failure]

|
[ ccoL faiture |

[
[ Air data computation]

o+ o [ Voter/ Monitor failure |
I
I Rate gyro] I Acceleromefer] . LI Pilot inceptor

Pitch
All channels failure

Roil

More detailed failure cause breakdowi
(from H/W or interface)

2] 8. B[S OA| AR o
A UES o] &5, vlg A Al A

Fa/A07 3 SYRAE AN AE 5
Z gty &, RIUA| A7" of Jul& 01%5}04
9 _‘toli(Random noise), £+ Fua e
A % (Sweeped sine wave)& M AAA DFFCE Eﬂ.i"ﬂr
A7, olel ofd wlgH] FESA s
FMSCR 2] 28, o], $9599 &
FFTA Si5el 497102 A58, 22, 4
EA0 Adtat/Doublet/3-2-1 A8 E A3l
8 4 9ok, 991 AR HHEIAES 4
of A4 S43s] AFEofof g}
Blal Aol #HFx nAt) 2] A] 8 (Closed loop failure
management test) : H]aiAlo}A]~ehfje] Q4 11
Z“’ﬂ g g vEAoiFE OFPe] 13t
ol AAE diz viEA FEEE e N8R
w. 2, 0gaE Ao THRAE AR 23l
LAl - Azl o] & A8k, #elAl7in,
w35k A4 (Monitoring/Isolation/Reconfiguration)
e 715 e s we, Y9 e ] st
wag Wg £F Aduse Aoud SHEA
(Transient response)¢] T+A® HAWA EAjd=
e Fd 4RI, A% B, lHos A3
slofof & Alge mAfo] HAYA|, o] AdEidl AT
B AR A GFE U EA s BlEA Hle
2](NVM : Non Volatile Memory)dll Hth& # o]

AR e 4
el

ke
EXl

(ENT )

2 oXx lok

i

12 19 12 rlo nju

09.

4)

lN rr

'Hj

ATNLE 87IE

8371 AledelH

3t

—

DR A 2MT(Fault Tree).

= 7hel #3E Aojrh
A As/Ax(Ramp)/A 5 *J (Oscillatory  sig-
nal) %9 Fglz DFCCz: Z9sn, old o}st
DFCCe} tix A7} RIUE Salo] 254 Hc)
Hlajal o] A ARl 3F 07 o] o R tE ¢ W T
HARAE ofFoiA Qlar, g DFCCe] i 758 L
g 63} #ol Folx = HgxYHTel W vz
T ’*]5401 FaEof Aol strg, AlgFolob e Hpe
“"5] BA "ok wepa], 9 AJEE vEA]l 4Est
Ho] ZAtElofok s, AU 7)15AI g Fhet Al
a3 8y #e vlaiA|ol A 1 FAA B4 (Fault
’]%0}04 A Aoz Aelsolo}f Fir}

adutrg oz FAANFT

e} \.

7ha

fd

4.3. AMEHIY ZEAL 2t HILS A@E7}
AoAlA =eofdl Alde] BE dAZ dgH o FREH,
Al gH| 8 2FAbe] 23 HILS AJ3lo} nixjeto 2 e,

o] 4. 284N HHE ARES /A5 TS o %
g, 9ol A wekE YAz tig DFCCY vhge&
A2rA (Quantatative) 0.8 24 1 A3l gz A3

HA%, Al 2540 o9 HILS Agel s vl
% 2 bl AFe B 2FA 70l 4P FoT
B9 4Rz Wokke] Atk vk, AAH0l A
NFEAE A, vAA &% duEsy g B A

Tow

B2 wEA] Y gHofol 3t o *lﬁ“’ 2% 5ellA
HAE R & D AEHOE 28 P47 E-dE
75



et wehr, 18 59 FMSColA mdg s o] Agd
ALAT Al 28l /523 2] ] ) A o R 2] U%% 25 AAIZE A
Foll A A (4] 33e] FMSC off #3t AHolA o o2
FHAE 2ZEo BE), HA =g ]017} “041]71] "t

o] HILS AJg& $jellA =95 vefAlolA] HQ Al &2]o]
Bl Al v Aol A2 2GdA AN FE A
7 Ao FYE FHo gt 1, ol AN
ZFAl| ofste] n|giA| o)Al ~Ele] AR slmdofr} o] &5
HA FAHE HEANHoIRR, HgAAr Fyqor
25d wo) vgA HQ 54 A3S Edste, gl ¢

Aoz Q7tsE 1FEE A AME Bl el HQ 54
oletEr}, 1A 39 vHlaglA SEHG Mol g SHEA,
e TAAE ZEAF B A]lA %( allure status pilot re-
porting system)e] HAA o] A vagddda T wE
&37] FAl o sl —LEX—‘IE.E AZ | ofo} gt

F

. d E

—

FBW71%°] g ge71el vga o)A

2 =AM e
2

2FE AR/ AR/ BT st o Ao AgH
= 34 Tool?d R & D*lgﬂﬂolﬂ o 7443 ol ol &l
getell diste] =ojstich. FBW Bl 2ggx dAl/ hd

71%S vgd4 e 715 A% (Maneuver agility) 7 £3 &
€ (Minimum drag to lift ratio) & &7|3dog ZthAZd
F AEE, ngA e PAE MrHoz B A
= olEn “FAF A 3, T= EHE o g
&
7|E
=

AR 4 Qe B el Ao gl o
& A3 o ellolE HEE Plel o g3 444
AL o] mAsE J)&oly, A3 4ns 9 o

€ % ol SHEE st B Ford Jgolds 7

S gl AgolT B, T FLETLE
IFE Y5 AREd A4 ¥ 5‘#@—5 A el A o
1ed SARuE Ane 275

07, B 1 ARE £5E EHAE S4E 42 9

mrebA], ZFAR] QAP SHA A A v A &F AT
& HY = SR 5 AEE BPA oA x-S dAs]of &
the B 234 bdE BAS 5 e HlE R
et 1358 AojA] A8 (Fault tolerant control system
design) & AA3] AAle] ol stz F 7hA WA= oS- &
o 29HA olgle dFE Rrlsial ok 13y, 2 =R
dlMe olof &t soln} H AE Arshe A Hoe
o537 Hdd EA A D AlggolHd FH&

d,

76

= A olAl A} 7)o Bt =olaiin) ulebA,
go Be Ao diAYoSo] o Fof 71&d #4E 2}
3, B Lo A At QU E v|gEEA B s F
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