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The Study of analysis and test for crash survival about the Crash

Protected Module in Black Box used at aircraft
Sock-Kyu Lee*, Byoung-Ho Lee** and Ji-Ho Choi**

ABSTRACT

The purpose of Crash Protected Module in Black Box used at aircraft is to protect a
stored information(Flight data & Cockpit Voice) safely even after extreme environment like
a plane crash. This study shows the structure & thermal analyses and the comparisons of
predictions and results of tests about CPM for Crash Survival through extreme environment
such as Penetration Resistance, High Temperature Fire, Low Temperature Fire. Specially, the
Effect of housing thickness change was studied through the Penetration Resistance analysis
using LS-DYNA, and the influence of volume ratio change between phase change material
and thermal insulation material was studied through the High Temperature & Low
Temperature analysis using Icepak. Also, structural and thermal reliability of CPM was
validated through the tests.
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Table 1. Tests for Crash Survival

Test Method
Impact Shock

Requirement
Half Sine 3400g, Duration 6.5ms
Pin($6.4mm, 40mm) Weight
227kg, 3m EoldA Y3}
22.25 kN & 587 71
1100 CL =2 127 L:%
2600C 52 10A17F =
60MPa 3t 30Ut 7}ﬁv

Penetration Resistance

Static Crash

High Temperature Fire
Low Temperature Fire
Deep Sea Pressure

Fuild Immersion

Table 2. Test Sequences for Crash Survival

CPM Test sequence

41 Impact shock=penetration resistance=static
crush=high temperature fire=fluid immersion

Impact shock=>penetration resistance=static

#2
crush=low temperature fire=fluid immersion
43 Impact shock=>penetration resistance=static
crush=deep sea pressure=sea water immersion
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Fig. 3. Penetration apparatus

Table 3. Sand fineness specification

% by Mass Particle size(Micrometers)
1 Max Greater than 710
2~ 4 500 ~ 710
10 ~ 14 355 ~ 500
25 ~ 35 250 ~ 355
25 ~ 35 180 ~ 250
15 ~ 23 125 ~ 180
4~7 90 ~ 125
2 Max Less than 90

Fig. 4. Finite Element Model

Table 4. Properties for housing and plate

Property housing | Plate
Young’s modulus(GPa) 110 200
Poisson’s Ratio 0.3 0.3
Yield strength(MPa) 900 270
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Fig. 7. Stress—strain curve of titanium

Fig. 8. Contours of effective strain and stress
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Penetration test results
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Fig. 12. High temperature fire test apparatus

Fig. 13. Low temperature fire test apparatus
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Table 5. Thermal properties for phase change material

7903.0K g/m’
822.79KJ/Kg
12143 J/Kg-K

Density(p)
Latent heat(h)
Specific heat(Cy)

Heat conductivity(K) 1.6 W/mk
0.050 1300
0.040 [ = 1100
< 0030 R 900 &
é 0.020 —&—Thermal conducivity 700 S,
—+— Specific heat (§)
0.010 ‘ ‘ ‘ 500

0 200 400 600 800 1000
Temp.[TC]

(a) Thermal insulation

Temperature, F

(b) Capsule housing

Fig. 15. Thermal properties
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Fig. 16. High temp. fire simulation
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Table 6. Comparision of analysis and test

result
t=6.5mm Simulation Experiment
W7o °F 1.0 mm °F 0.7mm
2ol 157mm 172mm
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Table 7. High temp. simulation and test result

Simulation | Experiment
High Temperature 125C 128°C

Table 8. Low temp. simulation and test result

Simulation | Experiment
Low Temperature 132C 135C
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Fig. 21. Low temp. simulation & test result graph
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