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Development of FCC Redundancy System for Tiltrotor UAV

Bum-Jin Park*, Young-Shin Kang, Chang-Sun Yoo and Am Cho

Korean Aerospace Research Institute

ABSTRACT

Hlight control computer of tiltrotor UAV was designed by redundancy system with
primary and secondary channels to improve reliability. The redundancy functions consist of
channel switching and data recovery. The channel switching function consists of software
method by using cross channel data link and hardware method by using watchdog timer.
The data recovery is the function to maintain flight condition when the flight control
computer is restarted exceptionally in operation. The redundancy system was verified by
flight control computer bench test, system integration test and HILS test. This paper
describes the redundancy function of tiltrotor UAV flight control computer and
test-verification method.
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Fig. 1. Tiltrotor UAV flight configuration (rotary wing, conversion, fixed wing)

Fig. 2. Configuration of flight control computer

Table 1. Specification of flight control

computer
E= H e
0| &3} 1-LRU, 2-Channel
Z2ZMM PowerPC 755
/O ZAEE2{(0C) TI-2407
ZZ2MAM/IOC A& Dual-ported RAM
o 22 Flash(8MB), SDRAM(128MB)
CPUEE RS-232x1, Ethernetx1
ARINC-429 9Tx/18Rx
ADIO#1 2 = RS-422x1(CCDL), RS-232x3
I/O
T RS-422/485 9Tx/11Rx
ADIO#2E = RS-232x1
Analog inputx11/outputx2
ADIO#3E E Discrete inputx15/outputx23
A7 (HxWxD) [mm] 155.2x361.4x306.0
£ [kal 10.6
M AE 2 (W] <100
e A S NOE FHHFLS AT 3
Ao me9l m&uPE A% uHY R @
&0l 7kssitH1,2]. o3t HFERE Hg 7=
o 2H-Seo|n Az AR 2US B
& T3] 7Hsstt3]. EEZE F<lr]e ng
PFE A, Mol a8 1R REE F&
Ha oAl P42 Fig. 19 Bt

H YA A A 2512 R AlA, d7]AA, 257
Alol7], ARlA 7] Te]a v YA AAFEZ T
et o] FA vlAAAAFEE T
AU E FAA dElsts A 07 o
ol &2 AEgo] aFHEY. HEREH TRV
o §AEH= vdAAAFEHY FF L AL
Fig. 29} Table 19l 2z} Rt}

FR1FZ7 e FA= = vgAARAFE = A

S =ol7] st olF3t AlzHlo] dbE o
2 uHPET45]. HERZE Tyl gHAH=
A HFE = o533 Alx"lo=z HAAHIU
3, Ad HE 7] dHolH B Vesom T
dEtHe-8]. Ad A2 F= AFEA A LA
Al BE AFEHE A3 E= 7o), Heoly &
& A A4 Fol o A" AYAIE LA
Al ol HolHE o]g3ted vl FElE FASH
= 7I5°lth

H P A o) HAFE ] FAFHE LAZEo= 4
A SGAAQ VxWorks B A 55 7[¥to & C
Ao /AL FINEIRA LS EvolE H
A 227} AHLEAT AZEY o AZFL g§A 4
FAAA FAENT HFH 7= VxWorks API
1 spyLib7} ©] &5 ATH9].

2 =fodAe vldAAHFEHY o]F3 Al
go] A W& AE L AF o tisiA
71=3t .

. 2 &

2.1 O| &3t A" 7|2 A
2.1.1 CCDL 7|4t

H A A FEH Y o]Fs A=’ ArT
AR7E FAEe wAAE w0 E ® = (Cross
Channel Data Link, CCDL)¢} g 1% HeE
A A B o4t AT E o] &3t FAHES TR
A= A

y

A5 =9 FA3E Aolste LZE S T3
F AdelA AR = Erolmrt 2718 HA Fo
H Rz AddA s o] ZA3EHE St
o B r FHHJTSE]. LZEH ] WA
Hg g2 a3l Alxgl AZTEY RE
TaH A, RS422 PR A= Q=

CCDLo] o] &3t} CCDLE =& 2o 8
He HPAAHFE 3 AEH o 20]7] wFo
TolRo Fsty a&FAlo] 7HEdk RS-422 W

o] A= ek,



CCDL Data Protocol (50Hz, 12 Bytes)
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FCC-A FCC-B S0 AR =S AR
FCC-A FCC-B v <& ;> s <H & 7E>
AZlag | BB, /. PBIT || AlApg ccpLel Mo DT Ay 1o
BIT<7% ool | GBIL |\ [/ CBIT | |BITA% %« 2 —l 715 dnie —l
1 Yes Yes
FCC-B <N Fec-a CCDLEE No - S .
Ay pBIT | BRI | yein ot -
BIT A& 4 C-BIT *| ccpL [+ CBIT BIT & _ tes — Jves
P

Fig. 3. CCDL configuration for FCC
redundancy level 1

Table 2. Structure of CCDL protocol

HiO| E L & g 1
0~1 | &l (0x5555)
2 FCC C-BIT ZZ2MAM EE Mol MA
3 FCC P-BIT ZZ2MAM EE oz HA
4 ARINC 429 C-BIT ADIO#1 2= |/O MHA
5 ARINC 429 C-BIT ADIO#1 E= |JO H&
6 ARINC 429 C-BIT ADIO#1 2= /O H&
7 ARINC 422 C-BIT ADIO#2 2= |JO &
8 RS-422/429 C-BIT ADIO#2 E= |/O MA
9 RS-232 C-BIT ADIO#1 2= |JO &
10 Spare
1 Check Sum
CCDL2 H|@FAHFE S Power-On BIT

(Built-In Test), Continuous BIT 123 A& F4l
Ad BITZ  FAHAJT.  HIA| A 5FE
CCDL 92 743 Z2EZ 7%= Fig 3%
Table 20 Z+2} H it

o] E TAE HFANHFHE Aol F
HEE FAC AAE & FH AAERY ZR
£ ol SARES AAFHNY. T e HFH
7b FAOl sEE AT AEEEe 3 i) A
HolAw yees dAHNG. A2 =00
A BldAo AT AEEHo] F AHFEH
MRt de=s AdAHo gt AZEHS

CCDL <Z4H, BIT AR g1 Auxld =
4 A 58 Jvte g AAHTY. v|siAAF
B9 A5Z9 on/off 2242 Fig. 49 Eoh

Hl A A AFE S F H%M—L— Bz g
Z9o] &A% HAS o 2zEH$
A& 7150l %ldﬂcﬂ At Z

i No
£ Off?
Yes Yes
! !

¥ v
Al5Z% 0On A5 E0ff AlzZ30n Al5 222 Off
e [ 2T =do e

Fig. 4. FCC signal output on/off logic
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A7b st Bz AU ABRHYE A¢ B
Z Aol ZAZE A AAAE= AL Bz
A2 SRS AAHNG. /2 A
CCDLS HI%7] B4l W2 A3l w2
AN 5718 BER IHEA FdT
2.1.2 9|z = Etolnf 7|Ht

CCDL< °]&3 o|F3} Al=82 nagAoz
FH 2 HelH FAle 7We® F2E7] gE
of Bl sl ik Al Algke] Tt
olel FTAES Hestr] flste] A5 BrolHE

ol g3t F HFE FALHE HASE 7
o] T+ AT
= AFEH nygLezz o= 9= g

olW 27|85 95l 20ms (HH o2 X~ S
E AAAZIE 750l FAEHAUS. F HIFE
of A7 WAst] H2x A5l AAPEHA 2o
H X = Bo|wrt F&sHA HY| wiEe] Bz
AFHAAN F AFEHY 2 dHE Y F
At FAF Eolw x7|FE 9% 2 AE
T/ Fig. 50 EATHS].

{ (unsigned char *)0x78000100 )[0] = 0x02;

| 20ms
| 1
for (k=0; k<2000; ki+): — [— |

B/

{ {unsigned char *)0x78000100 ) [0] = 0x00;

Fig. 5. Pulse signal configuration for watch
dog timer reset
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LA

2.2 O| &3t A A" =3 HA
221 vl Fgdo 2] 7[H
HPA A HFE 7 ARGz AAZe] H

Ae AT HIATA uﬂ.:.ﬂ(Non-Volatile RAM,
NVRAM)oll o] a3t v A4 HolHE

Agetal Fxste 71wl FEEA

Hg oy i A7 AU on/off =9
A &2 AF4A up/down ’\HZ]/] A&7t |
3™ NVRAM| AZH =S TN, F7]
Z o2 NVRAMe| H°|HE 7] st A2 A
S5 A AT NVRAMe| A=+ Bl d] o] E
© A g HdgAoF A FAo] Ha% 5 b
olH 2 FA =T Table 3] RHs].

Hl A AAFE AFEE Al NVRAMO| 7]5H
Hl g o|HE Fx3slo] nggr2 Il 27
#s FE AAe gog HASE Ve vE
+E&Z2 I 7heH HEI}F 30 o] dela BRI

AL STt 50%E ZHsheE oA AYHE
F AAFAL dF- AT F A 2 HPL
& ZAAARE dloly B9 7]5o] FRAHES
o] Fxlo] FUiHAUTE. HIYF LTI IHLS
50HzZ E2E1 17}SEE 20ms AlZFS 2]n]
El3=y

NVRAMel 7|5 ulgdo]g <o F7}&o
2 AAEE v Ao] o gk A o]
El:= Table 401 R2YH8]. HEZH 37| 1L
Aol 52 A FFrigte 28 HE A"
of 9|t uld) P WAHo] 7ME3r] Wl 2/
T35 HE ZE7] BWE o] ¥aEds A% 2
F dlolEol F7tE A

dolg H wAd A= vl rt dgH
Z 40 FHSE ol =HoA HlgA o] nEo] A
=31, 50 FH+E o] A EAAHZ 4

Table 3. Data list of NVRAM write

e Moy HH 2E
ECRB_ENGINE_MODE_SW | &I 282 = Manual/Auto | Zl
ECRB_OFF_IDLE_SW Azx282E Offidel Pal R
ECRB_EEC_POWER_SW |EEC &M@ On/Off Azl
FES BOOST PUMP_ POMER SW |[ddZ2EH = ™2 On/Off |l &
ECRB_GENERATOR_SW L4MT| ™3 On/Off Azl
ADTC_ENG_OUTPUT PLA 2I%| 0/55= AIRI/H| of e &

ADTC_GEAR_UPDOWN_SW | Zt&5&4| Up/Down A21X| | &FFZEHA|

ADTC_CTRL_MODE 282C AIF/4Su(H MY | X ofH &
ADTC_TETHER_TEST 8IS b[g/oiHE Meh | KlofY &

ADTC_MAN_WOW =S WOW 22X On/Off | Xl o1 &

0

ADTC_WAYPOINT_HOME |#&d F& X o &

Table 4. Data List of flight control recovery

Wy ' zd 28
CSAC_TILT_L_CMD_DEG |#t= €E 37| ¥@d ot |2Ha7]
CSAC_TILT_R_CMD_DEG |?& €E 37| ¥d ot |&a7]
ADTC_ALT_SPEED_HOLD |1=/&x RAIZ= On/Off | 0f & =
ADTC_LAT_CTRL 7t2EF joj2E MM (Mo
ADTC_ROLL_HEADING |Roll/Heading FAI2ZE A | X 0] %
ADTC_STICK_THRUST 28 F3 oy X o =
ADTC KNOB_SPEED KPH |=H &3 gt o =
ADTC_KNOB_ALT MTR |2 n=H™d gt X o =
ADTC_KNOB_ROLL DEG |=E2 E9d #t X o &
ADTC_KNOB_HEADING DEG =2 &l gt Mo =

olE] 29 wEo] Adwo] ulau o7} A
o2 BAREE TAAY,
dolg 2 wpgeld wgAoPEH o

EAEAES WA flste] BlgA o Ao A}
85+ AF9 F3 FE(Low Pass Filter, LPF)
9} AZES O £E  A7|(Software Rate
Limiter, SRL)°l ™t =7] 3t A& 7|5c] &
HAw. olET 7o HE 7+ 9 HgLEo
2AlEd d SY9EHE vx 4%, d3 29 {9
W 215 7](Power Lever Actuator, PLA), &% 7t

f

T 83 15/45% BWE 5o FE AEE
23 Al® 2 A3
231 AEetd &

HPA ) AFEH Y o]Fst Ve T 3TAE

TEHAG 1949 E CCDLE 53] $54F
+ BIT % AWz g3 F2H ZERE 7]
Ho g2 9 Aido] AAHEG 2vtAd A= MY
ol CPU Bt &4 Aif A st=do] 94 =
Elolm 7|gto g &9 xdo] AAHAT 3TA <l
ME CPU RE7F QAR H= A naegs
23] %7] dolEE HHUr] Hg 7150l
TG HPAAHFE o]F3 DAE Table
5] Bt}
HA A HFE o]F3st AlY
HIAAHFEE o] &3 WA H
o} A GBAANEE o] &3 FTHFA
Attt HlAAHFEE o] 87T

g 95t
E9} wa)
ol s
HXEE

Table 5. FCC redundancy level

1EHA| 2CHA| SEHA|
- st - g M &t -ClolE{ 5&
—-CCDL 7| &t -H/W watchdog |-NVRAM 0| &
-C-BIT M2 Eto|o{ 7|ut —°4IH A 7%
-Ho{HE EfAT |-F ME M F| E s WEHA
AHE 2 CPU Failure | ®
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Table 6. Test results of redundancy level 1,2

Fig. 6. Configuration of bench test for FCC
redundancy
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Fig. 7. Configuration of final evaluation for
FCC redundancy
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H A HFEH olFst HAF A AP A
FA o} A FHAAN =S o] &3 FEAFEEA ol
A FREAS. Bl A G FTE O g SHAH
A A flste] = 25 do] Bl o
Aol A=A HgAAGFE o]F3 F
T HAse AT FIAE A AYE A e
Fig. 701 Rth o|F3 715 32A< HdgH -l
H 5 7ol g AP FEAFEEAE A
P EEEDA GAGH A 7)ol FHH o
2 A4% HILS(Hardware-In-the-Loop Simulation)
S NA YA
232 AgZa & 24

H g Aol HFEH e 197 ol53 75 HFS
flal CCDL# Add Aoz sfx==9 FA
g A2 Aol A HE FRPHUAT 294
o|F3t Ve HATe F Ao I LzZEH

Al =7 Z3 Mej 2o
F2 Hxxd FAd | 2=y

tGnc task suspend - Off On A
tGnc task resume - On Off A
Soft reset start - Off On 4
Soft reset end - Off On oot
Hard reset start - Off On i
Hard reset start - Off On i
Hard reset start Hard reset start Off Off Ha
Hard reset end Hard reset start On Off Ha

stedol 2718 Al F/Rx Adel
stedlo] 2713 Aol AT
T Ade o]dE#] CCDLE F3l 2z A
oA ZAAHE Bx HdE FYHge] Hi
CCDL “Jei7} A2do]l =W F Ad= &9 A
o] AU F DA AA o] LA EHH
Rz Qe FHdse] Hu F Ado] A4H
o7 ZAFE Bz e o] §xES
glstatt. A4zl A z=ddd dig A ¥
=9 A8 A3 Table 69 AT

H A HZFEH olF3 Je 39A A
HILS A @84 A FPHA ©o]F F 2.5 km
el e HFYH s Bgsts 270 A
H A HFEHE A= AANZ AR & A3E
A8 12 Al EellA s 9 E 74 80=9F Z
4 down “gHlNA  AZH(Return Home
Point, RHP) AXRE R E A7l & 7|9}
2=9A WHE Qlo] st=do] =7|FE
stttk steslol 27|37 95 © & HE 74
Lo 2FH HeE 58 9 delAd FAHENU
3, NVRAM 7|5 ®H&E 457t g7 df&ol 7
4 ARE 2713 Ho] NVRAMel H 3 o] E
7F 718 EHA Ges F A

2o 2hNA HEHEA up HEE HEE
o NVRAMel Bl&) HolHE 7| 53A & %
Tdo] 27|88 A A "HE 7, 2Fd
a9 A AR BF FAEHE A
stTh olEd AP HE Z 60%, 30
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Table 791 R th Table 7914 ()= M2 9
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Table 7. Test results of redundancy level 3 O A @ ® @
T 50 : : : :
Z ‘
TAIE A TAIZH = =
=
SOR N ALEN -
TE|TLT| UG | RHP | G2 |TILT [FLAP| PLA| COL ELEV|RHP g .
1 80 | Dn | M&+ |HEH | FAHH A E A B A A Reset| 4t =
@
80 |Upr | M+ |[HEH | M AHA A A M AH A A Ao &4 oy
on
60 | Up | XS+ |Eishe| A R AH AL FAH FAH HAH HA ¥
=3
» 30 | Up | - |Sahe|=a Ao "AH A FAH A A £
30 | Up | - |Serd| A Fa A A HA EA -
=
0 |Up | - |Sia|=at & AH A - HAH AN £
=
@
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Fig. 8. Simulation results of flap, tilt angle
and PLA
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