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Redundancy Management Design for Triplex Flight Control System

Sung-Han Park*, Jae-Yong Kim*, In-Je Cho* and Byung-Moon Hwang*

ABSTRACT

Satisfying the same probability of loss of control and essentially two fail operative
performance with a triplex computer architecture requires a lot of modification of the
conventional redundancy management design techniques, previously employed in
quadruplex digital flight control computer. T-50 FCS for triplex redundancy
management design applied an advanced digital flight control architecture with an
I/O controller which is functionally independent of the digital computer to achieve
the same reliability and special failure analysis and isolation schemes for fail
operational goals with a triplex configuration. The analysis results indicated that the
triplex flight control system is to satisfy the safety requirement utilizing the advanced
flight control techniques and the system performance of the implemented flight control
system was verified by failure mode effect test.
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Fig. 1. Triplex FCS Development History
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Table 1. Number of Case in Failure
no failure 1 failure 2 failure 3 failure
S1S283 F1S2S3 FiF2Ss FiFaFs
SiF2S3 F1SaF3
S1S2F3 SiFaFs
Note : S = Success branch, F = Failure branch
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Table 2. Probability of Failed Case

No. of Failure No. of Ways Probability
r=0 1 1°(1-p)°
r=1 3 p'(1-p)
r=2 3 3p%(1-p)'
r=3 1 p*(1-p)°

nCrp'(1-p)™  (7)

P[exactly r failures in n trials] =
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where : PLOC = Probability Loss-Of Control
T = Time (1 flight hour for this study)
ST = Self Test coverage (% of critical faults that
can be detected and isolated)
MTBCF = Mean Time Between Critical Failures
= MIBF / (% of faults that cause loss of function)

FAZEHAA o2 aHd F 9
“Cr ZFAjolt}., Tk A|AElY BE
Folgtd s Al="lo] o o] &
Aol Eweicy 1y o]Hg A2
ﬂL E OE A$E 1Y
Al =Elol A 9] & Aol
‘4’”11] TS ARl A
Zo] 7besitt. 18y o3 st
o]Fo E TE 1Fo] FrHHoR
O3 #g 2ZEJdAE & T
Id FolA stts A sornt st} o]t
of wheF AXEHAE 7]Fo] gl 1% o]
g AdS A9E Jhede @A 50%°]
‘3}. aHy oyt AE fEA AZH2E 7]
Fol AAHAA JoH, FFAHQd Ades A
g 7hsAd o] 50% oldeg2 FUstAl "ok

22 HIAFO A AL £24E T

N 27 24" BgA
£4E& 87EE 7€ FF7]9 Class
A Mlshap Rate(M ¥+ HIPA7HEL G337 &4
&) B4 S3A FAHeE @A vheet X
E AA A "t oluf FAFE Mechanical EFY
9] F-15 &F 719 vdz=FA T s £482
ok v A THE T zznﬂ,] E4o] LAstH o,
FBW v A oA A| 2~8"l& &gt F-167} T-382 4
gh Bl AIZERE 09109k 170 e &4do] bzt
s Aoz ZAE G

ol#gt &F7]9 Class A Mishap Rate 4]

2
)

)
Koo f
o>J rr _Q

o
©
)
rlr 1o 3

[

o e fr
N
r-1n
&

£
o
i~
o
)

LI
PR
nE flo 4

5

¢

ol & o
o
T,

o
5

X,
= = Bl

~

Al

E (o
OZin:iz

,o;
= %
Lo

20 oy 1o A v 2 R 2 1l 4y S rlf

fr 4o

o O
< FallA J—’—%‘E‘Eﬂﬂc’ﬂ &= v A oA 2=H]
o] &=48< 25x10° (Accident/Flight Hours)2.
2 A4S sided, ole AR 34714 =



172 ug g AAE - 204 - G E BRI 2 T R
dHoz HEgHe FXolth. EI o] 2FEE I ACE SIS, LOC = LOF). °]
olgHoz &gre & 7z B¢ el & A FE719 LOC Rate 417 x 10°2A4 Al
AL A Fevde AAe aF=EA, A4 ¥ "o tFslte Aagle]l Tdsith
YA A 2T g B0 FFI] BEHO F WA LOC ARANE TE7)9 A48 ®
2 Yol 7] e AA £&3 A  EE st A WA 7579 1L o] B=
zdog Q3 FFr)e) gL dEXRT 4 BEI B5%A T3V S A}
T3 3E = doe dgo Aot E5 SIS, LOC = 5% of LOF). mepA o
3 7)o A neE 33 AL =
23 HIBHO A AR &AM 24 ij 1‘&1162 09 » 10.%];?3 8T T
Hla) Aol Al 28e]  ThE3} 4% (Redundancy oj9 o] FolR st=dojo Al #H
Level)o] Hele st=glo] Aagdae] 7asz & AHUS ol&ste] vAA AL HA g &

S AR ZARBEY olE EdiE dEAzds A
Asta A" BlPA A 2F o] 7] A
4 aTEd FF}=AE A HAH Al
HS AdgsiA 2o

A= E4E A% ¥4
g 7 pAE A 2FFAL =] o
Aol AzE Farste] g oz
AAACNAN FEE A W Welx dFd
ohoolgA A" NEEFET G 2
PR 2=F HAA o A= o Z]
EEnh A7 18" Fo A <
vl g A AFE 7E AEF 3,000 Algrolm 7+ =
e %5 7](Surface Actuator)= 6

= ole F=do] dAERE FEFLS AR
of M ARX7F uHE Zlojth e} o] A
dd 2t FAF AHE FAE HodA AAT
2 (9)ol HYPsA Fig. 29 2L ARE =5
F Atk 1F5EFAVE vgA A=Y A Z
ZlelE AZHZEE neldtA] ¢Fokr] Wil &
Ag BAL Yeix] BEHoE 50% ATH

B

E AWYAE FL3}J 2™, ‘Loss-of-Function
(LOFy& 714 ez o g 100%S 283t
Sensor/Control Computer/ Actuator
Inputs Electronics Package Inputs
601*10% 167 *107 - Triplex
770*10-12 74110 : Quadruplex

Fig. 2. LOC Calculations For FLCC and Sensors

EI 27 AAGAA DAY FE7el o
st MTBF®} LOF dlolE= o8 FTH/H T57]
of Hg 7IeEE AY3 ByFor HYSA
oW, FE7)9 STE ZZFWAY 3ty TEVE
AbRE7] W&ol 0% S A&t

A WA F35719 LOC ALE Yaae 5
71¢] ‘Damped-by-pass’ =5 A&t 1Z
Ejoll A Failed SurfaceZ 3| &dF7] £4S %

AES 48 BRYE 757 AYPE = AF
3 3% A|zE A= 232x10°0]1, o]& 200t
FF71E 3043 83 Ae=w pgE A
$ HAERFTAT &4o= s FFr] Atk
557t = AEo] U2t ole 4% A"
A 209x10°08 93 249 FF7| &9
Al .02t £AolEte ZE9] Yeed ole H
PZEAS &4 A A Fol FF7I7F A
Aste BEo] wjl$-=r] gEelt. a3y 3%
3o 4% AN&E 2% @A oA A8 o] @3}
= PLOCE wE3te Aoz ZAMEHJOH, FI
Ao g 3% A=l 47 A" vl ¢ AAd
o] sl=dojdgdoz Zradte] uetA FAE 17%
#asta, H3¢} Recurring Cost= 247}

o {0

We

2710 YAl AzHe) Y AzEe Hg o
ng nsgon, MaAPFE ] o
A AzFAA AAFE o] 72%EA WY
NzRe Aestes ¥ ¢4 53 59U

H A oJAl~g]o 7 Q13 qF7] £48&L& 557
el A 518t = A AR Alx"e] AlFA &g
A 7N49E A E3Th I W A2 9

HAge A MG e AAY BHAS
ksl Ao,

welA ol9} e ZAIZAIE EUEZ H YA
o] Ala"lel HF FALe M AlxHlo] gle 3

T Al="s d9siA Ao
24 CtEAAH S FTxMHA
2.4.10utputMonitoringA| A& =
Fig. 3& 7]1& 3% A& 7B2He 7z
A EE¥dd RUE/AYEE AAS WA
(e}

2]
olg g AAE FxE FE AEHS 3F T

R

RN

DS

T Al&FHdA FE&EY Ao, S o] A
HdelXe =8 #e A9 daelge® MLV
(Mid-Level Voter)7} 2 A&=JoY o]& +
Astr] i FrHHQL st=do] Azl 2A

7b 8755t



%38 & & 2 4k 2010. 2

3% HigAl A=l tEs) 7Y A 173

Selector
*._/Monitor

Sensor
/nput —.‘ Prolgggtsm HComputation .
Set 9
Sensor
Input .
p’\rép;n PI’DCSSSIHQ HCUmpula{mn

Sensor
Input :
p’\répa:n 4% Processing HComputatlon

Fig. 3. Output Monitoring Triplex System

Selector
. /Monitor

walshs uonenjoy ol

y Selector
Manitor

olfd tg Al=El 72 PLOCE shellA
71e® A9 FH o go] Folh

PLOC = 3T? (1-ST)/MTBCFb’ (10)
where : MTBCFb= Mean Time Between Critical Failures of
Total Branch

Hl g A oA 28] HA ] £4E&S WEA7]7] 930
A 275 E v A o7 FE o PLOCE 1.67x 107
ol®, Fo131 MTBCF= A'd% 3,000 A3t o]0l
a7

o714 ®EeF Fig. 3ol 9k o] HlgA|o] it
E7F Eg8o=z wQl Z =2 A X (Computational
Elem ents)®} 98 ZZA|A(Input Processing
Devices) F712] 8 FEo=Z FARE Z$l
T Y Zo] MIBFE Akst A1Z & Sl

MTBFb"' = MTBEc" + MTBFi" (11)
MTBFb = Mean Time Between Failure of Total Branch
MTBFi = Mean Time Between Failure of Input Proces-
sing Devices
MTBFc = Mean Time Between Failure of Computational
Elements
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Table 3. MTBCFc and MTBCFi in single
voter System
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Table 4. MTBCFc and MTBCFi in Multi
Monitoring System

MTBCFi | 3,500] 4,000 4,239| 4,500 5,000| 5,500/ 6,000| 6,500 7,000

MTBCFc|5,806|4,527| 4,239| 4,019| 3,745| 3,575| 3,460 3,378 3,317
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Table 5. KTX-22|Sensor Power Supply =&

Sensors Power Supply H| 1
Accelerometer +15Vdc External Power
Rate Gyro 28Vdc Buffered Power
Angle of Sideslip 7Vac 3200Hz Power Buffered Power
Air Data 28Vdc Buffered Power
Control Stick Transducer 7Vac 3200Hz Power Main or Buffered Power
Rudder Pedal Transducer 7Vac 3200Hz Power Main or Buffered Power
Throttle 7Vac 3200Hz Power Buffered Power

A4, ol 17&}(Dual Fai)2} 22 5& 1%
Z30 A FstA 2 FrhA< X
golete] W7 BE A FFA AJLE
< A &st= Aol
(Second Like Failure)2 578 R UYE7} G117
FEol A 8 ol BASE = & Aol A

¥ FAE 4“]6“3} ol e Aty
A3 AR} —|—7H4 g A5 Wo]7] wEe, 3
Zo] A&HYee 3] 23S AYAd 7t
A Hrt o) “}Ok 17}3111 gAY oig
Age] A AlojHA ) AF=HE Critical Y
ol digt A7g &43 o /RE HAAA FUt
Utk kA AFEETY 3% HPA A =H



178 SR PAS - 24 - FRE WAL R
AME ol fALAE A AsA ckleh e ngBLE ASIA EGI &2 HeolHE
2o WHED A9 AR A A °o]¢3 o] BHol% RUHE FA ol &

A WNA e gl qEA HE 9l o Almg zddA ;o] WA 4P At
=3 o AEsEE e @A) A A A 47b A Ad 2@ F 23 99

FAAN7I= A
FE718 &dF

Ae ARG Be AN 948s 288 5 7 o
ol dE o] AFFe] wE A= WA 7bs
S etk w3 FF7] S5 9 W
FES AT HoE AYIEE APY = A
Fe7= ok 2y 25 AP 3T
719l 2FES ‘ddl(Departure) s ATAA FF
719] RS FRE £ doy xFA
(Handling Quality)2] A3stE =T + Aot
Table 9= ©]d /W& 2 YoM 2&3 Ao

2 Y Reok A 1

2ol AAE

i

S SHEEEER

[¢)
ANYG =S BoFa .

Table 9. Control Law Reconfiguration Mode

Failure Type

Reconfiguration Strategy

NEEI| FCS HE0F

Discrete Input

Set to Normal Inflight or OFF
Value Case by Case

Set to Normal Inflight or
OFF Value Case by Case

Normal Accelerometer

Employ Pitch Rate Control
System

Non+

Lateral Accelerometer

Set Feedback to Zero

Non+

Synthesize Pitch Rate from AOA

Pitch Rate Gyro and Elevator Position Non-
Roll Rate Gyro Set Feedback to Zero Non~
Yaw Rate Gyro Set Feedback to Zero Non+

Angle of Sideslip

Set Feedback to Zero

Set Feedback to Zero

Air Data

Fixed Gain

Fixed Gain

Throttle Twist

Set Input to Zero

Non+

* : Embedded GPS/INS (EGI) data will be used to isolate a second like failure of
rate and accelerometer sensor which of the remaining two branches of sensor data
is valid and then the FCS will use the last remaining valid rate sensor.
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