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Electronics Components
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ABSTRACT

Built-In-Test(hereafter: BIT) is necessary functionality for aircraft flight safety and it
requires a high failure detection capacity of more than 95 % in the case of avionics
equipment. The BIT coverage analysis is needed to make sure that BIT meets its fault
diagnosis capability. FMECA is used a lot of for the BIT coverage analysis. However, in
this paper, the BIT coverage analysis based on electronic components is introduced to
minimize the analytical error. Further, by applying the failure mode of the electronic
components and excluding electronic components that do not affect flight safety, the BIT
coverage analysis can be more accurate. Finally, BIT demo was performed and it was
confirmed that the performance of the actual BIT matches the analysis of BIT performance.
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Table 1. Example of FMECA
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a) Local effect
b) Next Higher

D a) Failure Mode
b) Causes

= Built-In-Test

a) Loss of output
1 voltage
b) Component failure
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a) Incorrect output
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b) Incorrect voltage to
sensor

a) Output voltage
2 output of tolerance
b) Component failure
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Fig. 1. Example of the avionics which has
5 electronics components

Lo

d

O

o
ox ol 1o N

H FFHA A AHEE e
Hle] BIT Ae#4E& 98] FMECAS 8% +
AA Y T2 e WHo g BIT 4sw4S
TP F AUtk

% DAFAL (AAFE 5 dolE AHg) =
Number of Detected Flectronics Components

x 1
Total Number of Electroincs Components 00

% 1FAE (AAFF T HolH AR =
Number of Isolated Flectronics Components
Total Number of Electroincs Components

x 100

Figure 19| At#loll A o] 7FeA]
&5 ALtetd FHE FAstE 5 B E S 4

7b A@EIL o] §AE £ lorng uigd
A&2 80%7} Tt 3

f
Jo
o
(e}
o
@
o
> gy T
Ut
ot
o
it
i

pul = S [e)
3 2A9g. ¥4 270" FMECAZS AM&ste
Wr2le FMECA HlolHE =&3l1, &% 7
el sl BITZ AlFHEA #Adstes 297
e FEIAY, 2 S FSHARE D<)
HAoh FEHA GuE FAEse oA AR
FEY WAL FdA do A, 2L 2
o FEAA(EL durHow OPYZU ICET
2 sERAC v ATy sEo] ¥
OP =7} AdHtt 108 g T 50| =t
il 7Hgstd OPlz 1gE "HASHA Xote
BIT 5ol A% 1S FASHA Xd= BIT

o
e
ws]
=
o
olr
M
1%
o g



452 MNEE - 1Y - arekE TR A 2 T B

&3l HAARFS 1 E(Failure Rate: ©]3} FR) a2 47 4H(LRU) A

< AH&she Aol H}%”;—%‘@}E‘r% Z2ES 944 H Normal Normal

o 4o wut F o pRo] HRAIEE ot Audio o

Aot &S 1 AIZE & a o] WHAEE Input DSP | s M‘t
+ Amy Switch

A5 guisty A AxRE dy] AMREHE CODEC

MTBF(Mean Time Between Failure)® << 37k

olty, nFEL2 AFAH BHEEAN dAAAM < Fig. 3. Example of avionics with analog input

2] AF8E+= RELEX AZEYE &85t and analog output

& & vk e AHSste] BIT AsE44

S =&3H4E g2 2o FEAA U ACRY) A BIT STIM Signal

% ALFEAE (FR HolE AHS)

Total FR— Total Undetected FR

Total FR 100

% 1FZAE]E& (FR HolE ALE) =
Total Detected FR— Total Unisolated F'R
Total Detected FR

2ol AA] Au|gHe T

> 100

YA 2747

&S At Total FRE #Av|ES A S
EE AAEEFY 3AE FHolx, Total
Undetected FRE BITY| ¢Js] mAo] BEAE X

%2 AARFY 31ZE FHE Yehdg 1F
Al &2 BIT7F &g ngdd jsf aig 1%
o] A8 EE H&S YEMEZZ Total FR thAl
Total Detected FRS A}&3}e] At} Total
Unisolated FR-S BITo| & 13 o] ZAzH=A
BT HlWY AARFY 1ds Ttk
Figure 2+ 18 °] b& HAAFFOZ T4
H g3 Fe AHEE YERd
F9 1ZE #2 AL ALS 3 @ HA
o}. Fig.2e] At#elA A 774%4
BITo.2 AlPEHZA &+ HAFE
050l &gFHA Fulg 1%}%“1%:% 741*&’3
H 90%7F €t ¥k BIT Al o] 7 HAARE9

14 BT PEE 5 Atk Y BITARL
FEAWAA 1ZZE&e] 100%7F Hch 3HA
gk BITAA &ada AuE 748 EE 7
F2 5YHoz A¥stn 192 At e
6;}%1 ;SX]_XO]_H] Buill;}lr‘%—Tesl
¥
|
A | [aaws] [axvs] [aavs]| [0
A B C D E
Failure Failure Failure Failure Failure
Rate: 1 Rate: 2 Rate: 0.5 Rate: 0.5 Rate: 1
Not
Tested Tested Tested Tested Tested

Fig. 2. Example of the avionics which has
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Table 2. Example of capacitor failure mode

PN L DEHEY Y
X0 (Failure Mode) (=3
Short 0.49

Capacitor Change of Value 0.29 FMD-91
Open 0.22

Table 3. Example of electronics component

failure mode
) ) Failure Mode
Device Type Failure Mode Probabilty
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Fig. 5. Example of circuit with CPU and
capacitor
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2  Capacitor7} HEZ AREHE=RZ S )
Capacitor Open®l|] W& CPU 2o JaFd2
S

Al 7bsR 2o, o] B dE ] Wk
A= JEFe vAA gerr. 1YER FIFaF
BEEof digh 184E&2 BIT A4l ALs
oo 3ty Open F] izt 14&LS
Capacitor Cl1 317%-&°l4 Table 3¢ AFH

Open I EE=9] Failure Mode Probabilitys
wallA AL 5 A

19 At#Hl el A= Capacitor Open 317g©
7] Wkl JFS AR, L
Capacitor7} obgd 2 d=9 4As ZA=EA DC
2§ Capacitor2 A2 ZAf-ole W

=
Short aL7Fo] BIgtHel] F&Fe VIAA Fe

ofN —
e
1o

Atk 1HBE AAFFIZR=] gk w8t
A g B 32 EA g HPsle] o]FojA
oF &t}[8].

2.2 BIT DemoE &3t A3

o
B
s
fu
fo
-
>~
o
o
ol
I

Fig. 8. Failure injection tool

ARG G F oy, AkE Adr A
ool FFst=A AFstzl #1s BIT
Demo& 333

NE dolx= e
BIT DemoZ $j3] 2 A

M
1%

2o 2§ ox
ol AL rr off
So
- 9 O%H yp o &
UHiTo lo
o_}iE.:E’
}'ﬂlloog{:,"zc‘
= o
—‘N_'_IO_A_,
o %
o —
vo o 1E
:LOMTE{M
% (o
o
k1
=
_["r’
fr

o it N <@ T
He
ih)
AL
N
3
Ll
R
52
rr
Sl
o
f
2
ox
i
—_
=

%
gk YR 577) AgoA AFHo=z
A 9@ 487t 28 &< 5
o] BIT ASE4

o Kl Ho O

N
L)

o
Ho
ol
0_>L [o!
tlo
d
ro
ol
oL
38
o

-
ox
o
rr
td
i w
)

ry
4z
o
2
=
ol
=
—
S

2 oo

o @

fo ob 4z T ox off
du & ot e off M



128 Built-In-Test 4554 455

2 Abel BAY 5 Aok

Fz7] vggAde FFS vAA Be A
FE 9 AARE 1ZR=C dE Bdad
BITE +&3tAY s H+F9 1Zd&S BIT A
A EFete] ZRE EHEAARE YA
BES AA AT AEE s

A E Ak 34 Ee FRbR
FFol ths BIT Al@oFE HAES= & WH
< B A ko] &g AET ATs
a73ke A& dE AR ¥ e
2 AR, A 7)ol mlmA Av bd
2 AR BIT ds24s A4 s e
Mk Aule]l #g Al tE BIT #4%WW HEot
gete EAEAE Awstel Fe7] RlLAS
FE AL F JE HeR gddn

References

1) M. Pecht, M. Dube, and M. Natishan,
"Evaluation of Built-In Test," IEEE Transactions
on Aerospace and Electronics Systems, Vol. 37,
No. 1, Jan. 2001

2) Sung-Woo Kim, Byoung-Hwa Lee, Won-
Hong Chang, and Woo-Seop Oh, "Desing and
Verification of Built In Test for KUH," J. of
The Korean Society for Aeronautical and Space
Sciences, Vol. 40, No. 7, 2012, pp. 623 ~628.

3) Wg Cdr Nikhil Verma, and Md. Easir
"A Study of Reliability and
Failure Rate for Comparing BIT and non-BIT

Arafat Papon,
maintenance cycles in AONA," International
Journal of Emerging Technology and Advanced
Engineering, Vol. 3, Issue 2, Feb. 2013.

4) Posenthal, D., and Wadell, B. C, "
Predicting and eliminating built-in test false
alarms," IEEE Transactions on Reliability, Oct.
1990, pp.500~505.

5) Sheppard J. W., and W. R. Simpson, "
Applying Testability Analysis for Integrated
Diagnostics,” IEEE Design and Test of
Computer, Vol. 9, No. 3, Sep. 1992, pp.65~78.

6) McCluskey, E. ], '"Built-In Self-Test
Structures," Design & Test of Computer, IEEE,
Vol. 2, Issue 2, July. 2007, pp.29~36.

7) Jeffrey =~ Smith,
"Built in Test Coverage and Diagnostics: Best

and Duane Lowenstein,
Practices to Achieve Built in Test Success,"
Autotestcon, 2009 IEEE, Sep. 2009, pp.169~172.
Parekhji, R. A,
"Functional testing and fault analysis based
fault
enhancement techniques for

8) Bagwe, A. and

coverage enhancement techniques for
embedded core
based systems," Test Symposium, 2000, Dec.

2000, pp.260 ~266.



