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ABSTRACT

The black box of an aircraft is a device that records its speed, altitude, navigation, and engine
characteristics. It must protect important data recorded during flight, even under the extreme environmental
conditions that occur in the event of an aircraft accident. Therefore, black box devices must be
developed according to the ED-112A standard, which addresses the requirements for extreme
environments. The ED-112A standard defines these requirements by considering impact shock,
penetration resistance, static crash, high/low temperature fire, deep-sea pressure, seawater immersion,
and fluid immersion. In this study, we propose a method to develop a black box device that
simultaneously satisfies extreme high- and low- temperature conditions and penetration resistance by
designing it with miniaturized and lightweight characteristics and verifying its performance.
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Fig. 1 Configuration of the black box and CPM
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Table 1 Summary of crash survival requirements

Test Requirement

Half sine wave :
6.5 ms

Impact shock 3400 g during

Shear & tensile 6000 Ibf for 1 minute

Penetration
resistance

Drop weight + Pin [500 1b(227 kg)]
from 3 m height

Static crash 5000 Ibf for 5 minutes

High : 158 kW/m? for 1 hour

Temperature fire | " 5600 for 10 hours

The fuel, lubrication, hydraulic
system: 48 hours

The fluid of the digestive
system: 8 hours

Fluid immersion
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Fig.2 Extreme environment test scenario
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Table 2 Thermal analysis results Pin
/ BlackBox
Shape/reduction rate Size Max temperature
Plate
@105 x 101 159.6°C
Cylindrical/85 % ®100 x 112 134.9°C Sand
D94 x 126 134.2°C
®105 x 107 134.1°C
Cylindrical/90 % @100 x 118 133.6°C
D94 x 134 135.8°C
@105 x 113 132.8°C Fig. 7 Finite element model for the penetration resistance
Cylindrical/95 % ®100 x 125 133.2°C
094 x 141 133.6°C .
Table 3 Material property
100 x 100 x 88 134.1°C
Rectangular/85 % 95 x95x97 134.2°C Material Black box | Steel plate Pin
90 x 90 x 108 134.5°C :
Elastic modulus 170 200 200
100 x 100 x 93 133.5°C [GPa]
Rectangular/90 % 95 x 95 x 103 143.0°C Poisson’s ratio 03 03 03
90 x 90 x 115 133.8°C Densit
ensi
100 x 100 x 98 133.0°C [g/cmS}]] 7.8 7.8 7.8
Rect: lar/95 % 95 x 95 x 109 133.4°C
cotangwat ’ Yield strength 1100 270 1200
90 x 90 x 121 133.3°C [MPa]
Hardening modulus
7] wpe] FEE Aol A i 4 BAY [MPa] o A
AHol fAkEl] wjEo® BAE. 18714 Alo|x
oM TLdY G R F4HE Tl B2 227 o BAXE A9l Hebgd e BAAE A8
E5H o714 A0S AF Rz AYdte] BEA a9l pine AAFS o83 rigid 2T T
e BAG Fe) AT RS ARG W) Q3L 247 FE Table 3o YT waE ¥
B FA0) mE LAYERE S AGEFIS
5. BS Mg M5 24 F4stel Abgahalct
fries BUe AN BES sle) thew ¢
51 81 = & Rtes md 3= ©] symmetric model= T3}t AAZAE Beje]
29 9 A% AAE Bes gus AuRER A2 Rele] AfES T symmetric W] 5
F Uy dw Py FEIAY, o) 27 SEE 3m FololA

227 kg4 FA 9] pino]
o FHoF £ IeA7Ith Pine A4 6.35 mm,
=% o] 40mm2| steel pin®Z 4T rockwell
C39-C450|th AF R T HES 2 ¥ steel plate 9
o EAX|H, steel plate= 77 6.35 mmo|1L, ¥o|=
2 0.06 m*o|] R el At me Zlol=
0.5 m=z ofefl YE=FEFALS WS, Bl 151
E 1LY HEE S frA8oF gt aiAds g
fretes B 45 A= Fig 73 Zk

ks 519 H aF9-As A A8kl 9+ plate
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. e
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