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ABSTRACT

Avionics electronic equipment refers to the electronic equipment installed on an aircraft. Failure of avionics equipment
can have a significant impact on aircraft operations as well as threaten the safety of pilots and passengers. Therefore,
avionics electronic equipment is required to have higher reliability and safety than electronic equipment used for other
purposes. Avionics equipment must consider various component selection and system design to meet reliability and
safety-related requirements from the initial design stage. In this paper, we describe safety, reliability performance analysis
method of avionics equipment, and introduce various design improvement methods that can be performed to meet safety
requirement performance. Finally, the safety performance of the improved avionics equipment was reanalyzed and
compared with the value before the improvement, the validity of the proposed design change was verified.
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Table. 1 Example of Major Part Failure Rate for Prototype
SMFD

Part Type Part Number Failure Rate
Washer MSI*795-%*3 0.0125E-06
Capacitor MAL2**69910*E3 0.0010E-06
Inductor ITHLP*020B**2R2M01 0.0037E-06
Resistor R****8F102CS 0.0035E-06
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Table. 2 Failure Rate of Prototype SMFD subassembly

Subassembly Failure Rate
Bezel Assembly 1.46E-06
Display Assembly 2.04E-06
Control/Graphic Board 1.94E-06
Input/Output Board 2.23E-06
Power Board 1.84E-06
ETC 0.19E-06
Prototype SMFD Total 9.71E-04

Prototype SMFD €] MTBF+= 4](2)8} o] Al4k= o

1

AA| AAFgE Prototype SMFD 2] MTBF:= 1,030A] 7}
o7 AP QL E utE3h}
WAL AlLE = AR ool FaFs mlAl=

rl

ol Ay E 2HES oulshH, SMFD2| oA 8+



PR AL B 254 QHdo] FRS )
Q1= SMED -8 7)% 304l dis) 3 33} 2o] 7

ox l'ﬂ
4 T

o
N

Table. 3 Example of safety requirement of SMFD

Safety Objective
Failure Condition (Probably of
Occurence)
Loss of SMFD Display/Calculation Control < 1.0x10-6
Loss of SMFD Flight Information Display < 1.0x10-5
Loss of SMFD Backup Function < 1.0x10-4
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Table. 4 Example of Prototype SMFD FMEA result
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Fig. 5 Example of Prototype SMFD FTA
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Table. 5 Failure type related to loss of Prototype SMFD
display/calculation control function

. Failure
Failure Type Cause Effect Rate
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Fig. 6 Suggested architecture for SMFD

9 62 FEAAE 283 SMFD o7 €4 & et
WL Qlek AT/ A4t Ao] 7158 Helshs 3RE o
S3psl7] flall 7123t Fdst P AlojadgRE
2715k QlEe R e WA zYA 9 12C, PCle ©1E 1)
o|AE o]F3late] HEoA AHE|H FY wlolE 7} A
o] 1R = A9} Bo| FAl] MY B == 5kl
HAA e o Al Ao e E R = A9} B EA|of ZHE
AL Alo] 1 E H = A7} Primary 2 A H-E 714
=2 44 Hck tAaZdo] YA Ao g
= A9 4155 4241510 LCD ol RS AlA5}A]
T Aol ko] HERYE|H 19 73} Zro] Alo] 1 H B E

[e) =2 25 S <N = ke)
B'”] AEE —,—/5_101-01] p:}‘?]ia /\]?8{}13}
Control/ Cohtrol/
Graphic Graphic
Display Lypg | Board Display Lypg| Board
Assembly = A Assembly = A
LCD LCD
e e
EVDS | control/ LVDS | ¢ ontrol/
Graphic Graphic
Board Board
B B

Fig. 7 Selection of LCD input according to failure

Aol 1Y E = A9} Bi= Ethernet 0.2 JAE o] 2}
Alo] AATEE Ef KoL 7] 0 &2 wdkgict

A NS fIRE ARkt AA Abgo] fagHA] T}
oFat7] $1al Alat Aol 718k FTAS
At

7rexs) S5t

Fig. 8 FTA result reflecting proposed design

a9 89] FTA =38 A1} 354 x 10102 A7 B
%312 Sl AT, Alojadgres
27}l A7) WAl utel SMFDE FAsH: 24| 5



3T A~
o T
=Y
Kol

L

ha}

29
2

| IALSo] Z7lEo] AlZ|A] Qe vt
A B a/gdol A7) =ik 62> A
MFD 1175 17-& Atk

Mr W

LN [
s

rE 2

oy,

1o
v

Table. 6 Comparision of SMFD failure rate change
before and after design change

Subassembly Failure Rate(before) | Failure Rate (after)
Bezel Assembly 1.46E-04 1.48E-04
Display Assembly 2.04E-04 2.05E-04
Control/Graphic
Board A 1.94E-04 1.94E-04
Control/Graphic
Board B N/A 1.94E-04
Input/Output Board 2.23E-04 2.25E-04
Power Board 1.84E-04 1.85E-04
ETC 0.19E-04 0.19E-04
SMFD Total 9.71E-04 1.17E-03
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Table. 7 Example of parts and military specifications

Part Type MIL SPEC
Resistor MIL-PRF-22684
Inductor MIL-PRF-15305

Capacitor MIL-PRF-55681
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Table. 8 Final SMFD failure rate results reflecting all
design change

Cilpesri iy Failure Rate Fail.re Rate
(redundancy only) | (all design change)
Bezel Assembly 1.48E-04 1.48E-04
Display Assembly 2.05E-04 2.01E-04
Cmggell/fdrzph“ 1.94E-04 1.39E-04
Control Graphic 1.94E-04 1.39E-04
Input/Output Board 2.25E-04 1.83E-04
Power Board 1.85E-04 1.52E-04
ETC 0.19E-04 0.19E-04
SMFD Total 1.17E-03 9.81E-04
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