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[Abstract]

The data acquisition unit, signal acquiring and processing equipment, processes and provides major data of an aircraft such as
engine system, power train system, hydraulic system, etc. However, it had lots of failure related to the system during production
test flight, and it is necessary to fix them perfectly as soon as possible because of the significance of the equipment. In this paper,
it contains failure classification and analysis for each defect element to improve whole software as well as electrical circuit.
Particularly, utilizing Fault Injection Method based interworking test, more efficient improvement activity was performed for not

only equipment level but also aircraft level, and as a result, it is achieved that considerable betterment of Surion quality and flight

safety.
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Table 1. Failure Classification of Data Acquisition Unit.

No Classification of fault Related fault code repetition
(fault phenomenon) rate
| Faultjudgementerror for | ) pigCRETE 3 FAIL | above 3
interlocking system
Low Rotor RPM warning (MWP master warning
2 . L above 3
malfunction flickering)
3 MGB oil pressure measurement 066 MGB OIL PRS. 3
malfunction DISCREP
4 Rotor speed megsurement 081 NR2 DISCREP 1
malfunction
5 Maintenance mode CBIT rsult | (DAU maintenance mode every
renewal fail abnormal operation) sortie
048 MGB P VAL FAIL | aboce 2
051/052 LH/RH HYD P 2
VAL FAIL
EICAS/IVI displayed value
6 impropriety 053/054 LH/RH FUEL P above
(0 or XXX spot change) VAL FAIL 3/many
059 ACC P VAL FAIL 1
064 CARGO VAL FAIL 1

Al gt o] w Abd A2 AUkl MRS HolM= At
Q174 A AR B Z@BIT)O 2J8] GuAFE (MFL;
maintenance fault list)oll A ]¥ =7} AJdH™ Ai57=
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N 1w ISPU { Diode voltag
S e
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Fig. 1. BIT circuit diagram for ISPU and defect scenario
caused by voltage drop of the aircraft.
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Fig. 2. Improved BIT circuit diagram for ISPU and
analysis result for voltage drop of the aircraft.
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Fig. 3. Data access error caused by asynchronization
characteristic of FPGA configuration.

X‘Qi L i&% iiE Jl°1 o Eﬂoﬁ/ﬂ *n% B Zasalr)
247 28 3| AE-S AXslaL 7|23k v, A a5 E A

A3l= 715 0] 7% FPGA (field programmable gate array)u]
B g5 7 AREE B2 Ao A3k Yelo 7 BAIE QT 1
%32 1% FPGA Ul /)5 RS B shele] nolFnl A%
g2 2H &S Altele 7lsEEe]a BEES Aktd
=H 383 75 B dEvke] vay g il E A B e Al
o= AWANE $aek 75 gl 12l o)l e
2 52 749 AA AlLtEE(50 MHz, 125 MHz) =Fo]e]] £
3l A ollA 2E 35d&o] HolE 4 A== ARl B&
Do) g ghe AT B9 FashA e delel doleztal
2 = itk webA ofefdh Ex ﬂ%% 2 o 7 s Ast7] 93l
3 49} 7Fo] 125 MHzE & = oAl = TE
B(H 39 @) ASS 5 71%_@:%
A SAse, B o) EAY g
21& Al ghol MAEE Ao fragh diolgE 2
%5 DPRAM (dual port RAM)S 57 744 3k= o2 7]
Qe wEagn

HIGH " Low_Rotor RPM |

_1

Count ,l\ 4 (Discrete)
1 FREQ(F) 13701 < !
T M < 175.96 =7 ~
i i, S
———  AZ%:50MHz Clock Pgmain |
)2

2EIMOl=
: 125MHz Clock Domain

32
®——p o

o !

S0MHz —+

8 4. WME FPGA UHREA - AbEz 37|35 &
DPRAM 7t
Fig. 4. Improved FPGA configuration - calculation rate

synchronization and inserting DPRAM.



2|2 OB S/Me|ZA| SEE|2 3 2ZEQ o] M E St vl okHy gket

2-3 NGB |2 5|5 2XS

710182 (MGB; main gear box)+= <17
S RIZH, mE|RH Fo= Hddhs 4
7] vl S 913l w5 gk gmjojrh w}a}}q H]OIHQ]E
A2 A= MGB 9] @21, 45t
o Z+E A QA E 3
AARES 23k 75 Al
HE S/ e g4 = Fashs AR %‘Ei/‘o ] 0}04 Y-
2oz 2 EHH o]F3Kredundancy) A7} Wk Flo] glo
w7} B850 A ElE f8) Ao m o Sy
HaLslo] xjo| 7} BAY e 7 -- o] & MFLE Al 1_?_“:}
e A1EvE F A MGB 9 3715
731 el el e o] 53k 271¢] HolH =, 1
- 7]'5 55 MCM (main control module)©] 242+ IE =
AE7}F X% o’ zto]7} g 7-5-24, ad
HEEAS T30 ‘*Oﬂé}x] S AA A543 vE
2 % T Aol opdE IR AT
L(LH FD FUEL PRESS) 2 #Z <
el gk QIYHskE  RoFm, MGB
(MGB_OIL_PRESS) 19470 %-¢] 9] 1.0~5.0 Vol A H o)
o] F 1.5 VI Wb, AR So] 749 2t 0.22 V W5
Ho} g E Aol JAYES IR = AUk S A71H
o] Frjo= gk Mt Wsgke] 24t MCMe] AEH Al el
2} AAgEo =2 S E o] 71Egk o)) Kt Apo] A AgHA
EE Aldehe QA Kotk kA g7 AA| 9] 1714 54
< wkgste] Jiadstr] S18l, ad olE R A E A B A
geh= 715 EES o]F3le <lEFo]~ 3] Z(ISM; interface
support module)2] =40l ¢t H &3] xR ANHAHE F
7}3}&1 @%&% A OPE 7= 8E skt

off

r&'OiJN
Hodo {looff x& N o oF 10 12 & o

o

/-\’ OE_E:

rz
1 fo
e

o
=

rum
_1>1 -+

rPé lo 1% 2o off > &

off

at

MGE_OIL PRESS,
57-59PSLA| W15 %:
2.75-425V(..1.5)

= Full Scale: 1.0-5.0V

" LH_FD_FUEL PRESS,
20-21PSIA| WE&:
2.24-246V(£022)

0

LH_HYD_PRESS,
3070PSLA| W5 &
3.6-37V(20.1)

@ Full Scale : 0. = Full Scale : 0.5.~5.0V

18 5. MGB w2t Set ARG MASEM H|W
Fig. 5. Voltage characteristic comparison of MGB oil
pressure signal and other similar signals.

[HBAEH 722 E ]

a3 6. ISM 7HM 22E 3 ESAM Feolza
Fig. 6. Improved ISM circuit design and result of noise
reduction.

o

I 62 APAY 52 Aaliah] 91 ISM 250 /i
3| 2ot} 7)ol EA 5z E- T (pull-down) 43390 kQ)
7 E 2 F)FAE(0.033 uF) & F718l] AGFEE 74, &
AR AH5e] AEFs Al AL 71 A AR
A2 12 5}F] time/frequency responseS 4 F IS Al
Z3 AJA 76 us= 120 usE WAL o= &

[

R

o =4 A4

i
of

71222 MGB 31 %9] ] /EE0] 1.66 VOIlA] 0225 V
Z A AL ER1E = gl

2-4 2| Mg SR
tlolH E5/A 2= dRANE 73521 2719] o] Fske
E3TAE AXIAo7|(FADEC; full authority digital engine
control)ol| A 27t Al F == 2E 3708 NR #1, #2S 13 77}
2 S5 L AT A 2Aol| ofsf Aol Al AT
el A En|e) Z 2% MFL(081 NR2 DISCREP)-
MCM #1, #27} A FEE NR #1, #2 A TE B 15lo] X% o] 4
2] U 79 vbasie), k3, 27)9] R EFAbE|, T QlE
o]/ 1ﬂi el 5 FE717F A2 el ol A= FADEC #2
ol A ﬁlquNR#z Frash gho =2 AlFER] ron met
AT NR #1 ket Fhzafof ket 1ejut dloj 5 & 5/4 27| 9
AHEESJO)E A A, BE &3 7] el A MCM #1, #2
= 2709 NR#bS HluLste] Aaig AP ES o] DA 4]
© 2 LS NR #2 741 Al el whe} AR o)/de] Zfo] 7}t
Hl)\g%l— 2= 01_‘: 7ﬂ6¢o] g}o QQ}\E} Eq—?/}/ﬂ ‘6]——1——7] E/ﬂoﬂ le-_l,:_
= tolHIS/A A o] A EY Y] 85 FAgskal
A= QA AT S S AR sl Aan AT

=Sl S

2-5 Hd|2= CBITZ} 0|42 @7 L EICAS/IVI A[Sig) 25t
tjo|E B S/4 2 g2 7} Algshs AANDAE 5 A5 2}
A7 ekA] & (CBIT; continuous BIT)-2 1] 2] AQ17} 5 2k
7HA] o] 52 L o] A F 21} 5 ATHF-E IAIske] o
O] A& A5 MFL& 27 7]5olt) 2eiy gyt 5%
o} g2 A Gu| R =0l A= CBIT A3 734217 T s A
Egﬂcﬂ SASV R N"VJ 7‘4747;1#}“ RIE gl &

¢

|
o
o:

O

=
O

#2 NR Sensor >3 Veff @ a 1 KOhms resistive load

Low Rotor RPM

a8 7. 25 HHBNR) SHAR o
AINT MY B gc

Fig. 7. Block diagram of rotor speed measurement/display
and warning signal generation.

www.koni.or.kr



J. Adv. Navig. Technol. 19(5):370-378, Oct. 2015

[ HYD P HIA

LHHYDPress
Sensor

A oAl ]
——

o e tove . Nexg
10— OVDC e EXCLYSIG()

ossvc —pfsiee)

DAU
RHHYDPress

Sensor

- 10 VvDC

P PE— N

XC(+)
Bxcpsicn)

055V —

SIG(+)

~———

DAU Hz|

37 8. IVI AlEsIH(F Y KSR AEE(R)
Fig. 8. Picture of IVI display(Left) and interlocking block
diagram with hydraulic pressure system(Right).

g dloly g5/ 27 3A = g 7] 2 Ao FE
£ ZFAPNA AT S8 22} A5 g EAIE Y]
(MFD; multi function display)] EICAS (engine indicators and
caution advisory system) ¥} 533 3571 7|(IVL; integrated
vehicle indicator)ol] A| &3} —7FE‘r 7|EH O R ol IR T AT
Q) 7} A ] AR Ao 2 sko] Azl B8] B
1 2214 7] A 2719 5 o] F8 A8k
o] ¢2le] ®th 17 8-> FADEC O 2 HE] 5215 21 5.9} o}
g9 olkle] A58 Aise] Vel Afsh 758
Bl 18 89§52 1< YRMVD P)S| 45
ot MM ZHE] ZA = opdz g Al } = TVI P A
Au]= Al E FA e At o *Poﬂ 23 2011*1 g

ek 27 7 A
%—Eré] LA e A
& Foll= F 574 Als

2°ﬂ A A sl AlE2]
Aol Ak N A= —TL—I?:O}O%
Z,\_/‘\JQ = /\]£7]. 6]——J—7] 70-,0_34.

Mok
4 T
yo, &
>lﬂ
_0,

14
[o
[e3

o2
)
E

4 T
o d
fo
o
(AL
L
U:

0%
ol
e
38
o

Lo Bl
m

Of
-

BN
)

i°l
NE

o 2

r_{

>~
-
& b
Ol
e

o
=2

o

>
o

Table 2. Signal processing requirement and no-load
voltage related to before and after of

improvement.
. No-load
No. MFL O};:;at;ng voltage I\g’égf)d

£ (before)

1 048 MGB P VAL | 0~7 BAR 1 VDC 0.5~1 VDC
051 LHHYD P VAL .
2 052 RHHYD P VAL 0~4500 psi [0.5~0.59 VDC| 0.295~0.59 VDC
053 LH FUEL .

3 054 RH FUEL 0~50 psig 0.5VDC 0.25~0.5 VDC
4 059 ACCP VAL |0~5000 psi|0.5~0.68 VDC| 0.34~0.68 VDC
5 | 064 CARGO VAL |0~10000 Ib 1 VDC 0.5~1 VDC
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Table 3. Measurement result of reformed voltage

SEEE

threshold related to no-load signal.
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value
b‘(’)lgw XXX
. XXX XXX
0.3 0
XXX XXX

0.4 0 0 0

0.5 0 0 0

0.6 0 0 1 0 0

0.7 0 100 2 10 0

0.8 0 200 3 130 0

0.9 0 310 4 260 0

1.0 0 410 5 380 0

1.1 2 110

Not measured (unnecessary)
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Table 4. List of identified latent software defect.

A AT EQ 0]

No. reclltfilriiin o Element of failure
| Analog BIT (Out of range situation) Analog BIT abnormal fault
(Out of Range) occurred

) (Disconnect situation) Disconnect & BIT fail
Analog BIT fault code did not occur, but out of range did

3 (Disconnect) Discordance between BIT code and software

requirement

4 Analog BIT Malfunction related to record of fault occurred

(Excitation) time(Disconnect Filtering)

(In maintenance page) Intermittent fault

5 | Maintenance mode occurred when push CBIT button

consecutively
. Source code error related to AT equipment
Discrete test . S L

6 (AT equipment) label and ‘check box’ realization

qup error(oppositively)
7 Warning circuit | Loopback logic unperformed about Low Rotor

BIT RPM
8 BIT result save BIT result did not save (4 items)

After power on, DAU Ready signal time

? Booting up time exceed(S/B : under 10 sec, ACT : 10.28 sec)

Discordance between source code and
software requirement about communication
down

ADC data process -
P Discordance between source code and

software requirement about invalidation of
ADC data

OEI Time display error and Discordance with

12 .
software requirement

FADEC
process Insufficient processing about FADEC

Heartbeat validity
(In maintenance page) Function key not
operating when primary—secondary mode
change

13

14

(In maintenance page) Discordance of CBIT
result between primary MCM and secondary
MCM (parameter reference error)

Discordance between BIT result and software

16 .
requirement

(Warning signal output pin open situation)
CBIT not performed when primary to
secondary mode change
(MCM #1, #2 major fault occurred situation)
Malfunction in matenance mode related to
mode exit and rebooting
Analog BIT malfunction when automatic
primary to secondary mode change caused by
major fault occurred, and IVI BIT abnormal
clear

17

Pri./Sec. change
(MCM #1, #2)

(MCM #2 major fault situation) Abnormal
primary to secondary mode change in
maintenance mode

20

(Primary/secondary MCM power fault
situation) Malfunction in maintenance mode
(function key not operating and MFL not
occurred)

(In maintenance page) Restrict to primary to
secondary mode change only once

(discordance with requirement)

21

22
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O3 13. 27| 7|4t AEAIE FA(VEP test bench)
Fig. 13. Facility configuration of fault injection based
verification(VEP test bench).
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Table 5. Analysis result of software reliability test.

Fault .
Category — Description Qty
Conversion CONST characteristic lost before and 1
rule after result of “pointer cast’
‘else” sentence should be included in 1
‘if - else if” construction
Style rule Mi
mnor ‘default’ sentence should be included 1
in ‘switch ~ case’ construction
Onerator In signed value, positive value may
przle 0 change to negative caused by ‘Bitwise 1
operator’
Not using ‘shift operator’ with 1
Operator negative value or exceeding data size
rule Not using other operators with 1
boolean expression
Value change because of ‘casting’ 2
Runtime
error Not releasing memory(file) after 1
Major dynamic allocation
Not using same identifier between 1
Identifier inner and outer scope
rule Function or ‘object’ data type should |
be same in declaration construction
Initializati Not using ‘uninitialized” parameters 1
on rule
Number of faults 12
MEP SILZ} VEP test bencholl 4] 917 5 27 A5 1o %
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Table 6. Test items and results of simulation for aircraft.

No Test Item Result

Mission computer/HOCAS interlocking
function

2 DAU fault reporting function

Pass
(reference to below
pictures and result)

FADEC signal/comm. processing and IVI
display function

4 FADEC fault trial test function

5 VEP Test Bench (basic functional test)

DAU/ IVI

<DAU fault report and inter-communication result —=NO FAULT >

3-3 37| MAEE HUSAIE

87] AARL] A F3l A5E vlolHYS/A A
M GE &a7] AA d2ste] F7H4Q1 ATFA7
L8 ASAE S FAIITE S, v8S T3 AU ol
A 7oAzt AlEe] AA tAl 1Rl s A7 E -2t
31 8-g7] dlo]E B57H|(DAS; data acquisition system)[6]S
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Fig. 14. Ground test configuration of fault injection
based verification for aircraft.
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