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A Case Study on the Design Requirements of Airborne Black Box
considering the Extreme Environment
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An airborne black box should preserve the recorded data under the extreme environmental conditions such an aircraft
crash. Through the recorded information from the black box, the cause of the aircraft crash can be analyzed. This requires
the black box to safely protect its memory board inside from the external forces or heat generated by the aircraft crash.
This paper is a case study conducted to develop the black box to satisfy the crash survival requirements of ED-112A, the
standard of performance to develop the black box, and optimize its weight and size. Through the sequential design,
analysis, and test process, the black box successfully demonstrated the optimized design, analysis and test subjected to
crash survival requirements of ED-112A. The prototype of the black box was fabricated and tested for the verification of
each analysis within the requirements of ED-112A.
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NOMENCLATURE Cequiv = Equivalent specific heat [kJ/kg K]
C, C, = Specific heat [kl/kg K]
M.S = Margin of safety T, = Initial temperature [K]
F, = Yield strength [MPa] T, = Final temperature [K]
o = Stress [MPa] T,» = Temperature changed to the phase of material [K]
7 = Shear stress [MPa] AT=T,-T
V = Load [Ib]
A = Area [cm?]
QO = Heat absorbed [kJ] 1. M2
m = Mass [kg]
a,, = Fraction of melt g Bautal 3] o] Hlslyo]Ee} 2EAL] SA4]
h, h,, = Latent heat [kJ/kg] B ) ¢
2 7| 83h= P AAguRA, BeEkad] 203t 750 F
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Table 1 Black box of aeronautics advanced countries Crash Protected Memory Module (CPMM) —
R nsulation
Case Figure Specification of structure - l
- ’ a-—Beacen
b 2 Assembly
1 - Size(H/W/D, cm): 10.8 x 12.3 x 27.0 K‘::::;fy_’ 0
- Weight: 5.7 Ibs (2.6 kg ) " Msrory Bose
Phase Change Material
(a) Black Box (b) Internal Shape of CPMM
&5 - Size(H/W/D, cm): 9.9 x 11.2 x 20.5
2 W f - Weight: 6.02 Ibs (2.73 kg ) Fig. 1 Design of (a) Black box and (b) internal shape of CPMM
CPM Body Beacon Bracket

HIS03G
X-Axis
- FLIGHT

CPM Bracket

57] SJsIAs Sk Ala Alo] ZekslA AF Fig. 2 Design and axis of CPMM

1= o O l L5
3 5} W33t 7|28 S~T5lo]of 3 2 3 ARZE
ol gt Pt 71&& estolof gt oy 5 AX=E Table 2 The function of parts
2 F¥ EE 49l ED-1124'¢] 247|&S w23 9t} ¢ :
_ ~ Name Function
FAS YT AR ofe] 4T wrstel A%HOR Aol
S olo . . . o A Crash protected Protect the memory from shock or heat generated
=L glem ED-112A3= 20130l 24l i o] = oiet. 3 memory module in an aircraft crash by positioning the memory
WA= ED-112AE WHEsHs EurAs Jdksty] Jske] 8 (CPMM) inside CPMM
27& 243 Generate a signal in case of an aircraft crash
E3}, ] SRR g0 ALSARS oske] A Beacon (Operating Frequency: 37.5 kHz, Operating Life:
. - s 9
Yool RSl aTEn on], Baus EE Gl B 0 days)
s _ _ 1. Supply power from the aircraft to Black Box
e A2 A A3 ZeF ol 3} o=y} oz o ; ) ' !
_HEl = AR eeiel Rskselef Hnt i 1= ‘jvﬂ Interfaltjcie 2. Deliver flight data and voice signals to the
P A=ES 2 ARE SHeraE sk glon X SO memory
o= ED-112A 9324 &35t Table 19 Case 173
Case 2°9} Zro] 11 7puj$ Belulas Aluksta Q). Hhwo, Table 3 Materials of parts’
ZUY o A= 20068 EHE EurA kS AZFEte o ED- Name Material Yield Strength (MPa)
112A5 wet Alds st a720s TSt A2 & =2 CPM Body Titanium 890.0
of A= 7 Anl7t A-golrt. Beacon Bracket Aluminum 440.0

E =2o| JJAE ED-112AZ 2
gk AHE Afskal A stE EYUiAS et A0S & =
ol AAJstazAt gt 279 27 =4 stofA BuEojof sh= 7 5a3F FEo]
2ol a2 WE-S olsishr] =5 Aesiiler a4t Hch
2 s

o=
2 WEIE BANAS AAST FRRLNAS S webd, a7 F5S 9T A4 D AR e S
sfo] A7) Qg4 At 27k ohuje} Fig 29 ARHE wEo|n T2 2§ AL
upAuto R, HANAS Astel SR AFS Fitel  Table 37} gk,

2727 $5E BFH9t

ED-112A5F 20| A A5% @2 AE Table 49} 0.1, Table

2. A Mg H FeEdeaxA 5} Zro] 371A] A& Mgtz A AE 370 AlRtsto] AlES
F3ech

2.1 SEA HAIRM Table 49 2727 5 A3, FA-S, e H, 1

e St AART AARESEE(CPMM) W9 e e A& 38 341 B Qe FEoE 24 A

Fig. 13 2o ?ﬁ 7]°62 Table 29} 2t} oF Hedo] glofA & ==l Al ettt
44

) S QAT So] AAEE 2O AR ED-112A 87272 3g 38k 2404 Wie 2e
REWE Yo vueg HEolng wrg ReErl I38kd g 9] dloly 4 HH1} sh5o] BrtEE S8 2719 A%
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Table 4 Summary of crash survival requirements

Test Requirement
Half Sine Wave: Max 3,400 g during 6.5 ms

Shear: Apply Beacon horizontally and
vertically 6,000 Ibf for 1 minute

Tensile: Apply Beacon orthogonally 6,000 Ibf
for 1 minute

Impact shock

Shear & Tensile

Penetration Drop Weight +Pin [5001b (227kg)] to CPMM
resistance from 3m height
Static crash Stat{c Force : Apply CPMM 5000 Ibf for
5 minutes
High Exposure at 158 kW/m? thermal capacity for

temperature fire 1 hour

Low

temperature fire Exposure at 260°C for 10 hours

Apply CPMM the pressure of 60 MPa for

Deep sea pressure 24 hours

The fuel, lubrication, hydraulic systems : 48
Fluid immersion  hours
The fluid of the digestive system : 8 hours

Put CPMM at a depth of 3 m in sea water for
30 days

Sea water
immersion

Table 5 Scenario of tests

Item No. Sequence of Tests
1 Impact shock—Shear & Tensile—Penetration—
Static crush—High temperature fire
P Impact shock—Shear & Tensile—>Penetration—
Static crush—Low temperature fire
3 Impact shock—Shear & Tensile—>Penetration

—Static crush

EE, G BEAL I3 B PulRA I3 A

P 9Isto] 2GS B} Holof Tt
webd), ARRERES] A7)9 S HABSIA 4710l

AFRAL WEFES AAsHE Zlo] B dqspTe]
28 ol

,0

3. =¢Ed tiS71E A+ H Al

]

3.1 LIEZ (Impact Shock)
3.1.1 @7F=A
Wed ax7e ofgjel .
=7 u}4: Half Sine 1}
- HT) HEE: 3400 ¢
- A|& A17F: 6.5 msec
WS4 Al AIAME X&, Y=, Z5 Alds 3t

S 07272
“wor

Max. Stress
2030 : 146.4MPa

1
Q011482 Min

Max. Stress
: 291.6MPa

Max. Stress
(c) Z-Axis : 330.0MPa

Fig. 3 Results of finite element analysis for the impact shock

312484 HE

ZAQTRAY FMEEL 3400 g0 2 2 F1Fo] A K
g AgEe SN FRES el fIste] 2%
Tz AzAo] Shwofof Bk,

WeA 2ol mixe] Hueh vjde] S fjste] =
Ao S E =S A s oF sh= FE-2 Figs. 1(b)2F 20
Eld CPM £ (CPM Body), WX 2] 2= (Memory Board) “1Z]
1 H]7 BFZl(Beacon Bracket)o|t}.

CPM EAIE T AFS A 5 gt

Az P A sl 7

me) HEL YEALS 40 4 ol Ast 2A A9
1 CPM B4 Yol Aol WA te dgde] 2%

FEE YAt

mo 2 AA5}9) 1, 214,931712] 7‘47<4(Node)$} 79 2437}1_4
B4(Elementys ©]-85te] iS5kl siAe Sl 4
AxzoR S WA | §iste] CPM Hefj7l sHtdat A2
FZ2 9314 (Fixed Support) 27108 AAs}4Ict.

Uz siae o3t glgor Yad a1z de o8-8kt
Y324 34 Avk= Fig. 33 Zron v Hajzle] gege
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Table 6 Maximum stress

Axis X-axis Y-axis Z-axis
Stress (MPa) 146.4 291.6 330.0
M.S 2.0 2.1 1.7
Beacon CPM CPM
Part
bracket Body Body

¢ Aluminum yield strength (F}): 440.0 MPa, Titanium yield strength
(F,): 890.0 MPa

No deformation

(a] Shock Tester (b) After Test

Fig. 4 Results of test for the impact shock

—TestDara -
Half-Sine Curve
===~ Trapezoidal Cunve

Test Data

N
\Q—_ Half-Sine Curve

Trapezoidal Curve

Acceleration (g)

0 0.001 0.002 0,003 0.004 0.005 0.006 0.007 0.008

Time (sec)

Fig. 5 Analysis of the impact shock’s acceleration

1} I CPM EA= ZZoA whgsigon &3t
24814 HE 434 =2 I3l ANSYS 19.02 A
gatact A1) olgsto] ARXKE HAsMar Gin of
Safety)= Table 62} Zt}.

WEAol ot B FAAGE 17 oo YgH 7}
Lo ogh MRS BAdele ol Bholdt 4 9tk
F
2
MS= pe 1 (1)

3.1.4 AI® A1}
Wed Al 3 FTEAAEES HES=E sk+= UDRI

(University of Dayton Research Institute, 0]=5)oj| A A| &S <=3}
algom Table 5o U AUzl oo] wat 7k & e Al
o ey A el

Fig. 5= 3.0 msec oA} FH4 7[&E 3,400 g o)A A=

MR 8|S S5 RoE

A3t A3} glolg &4 glo] A Ho

= 54
Al & HEEE 2

A Statkc Structural
Equivalent Stress

Max. Stress
: 182.04MPa

(b) Z-Shear

Max. Stress

: 200.95MPa Max. Stress

: 320.74MPa

ol 14122 RIRD
&

(a) X-Shear e
(c) Y-Tensile

Fig. 6 Results of finite element analysis for (a) X-shear, (b) Z-shear,
and (c) Y-tensile loads

E[eH Fig. 4(b)oll A Hol= At dof -2 wgo] YA
ATt

3.2 Mt / Q1EK(Shear & Tensile)
3.2.1 @7=A

]_
o] =
- o1&k w1 A WEEo 2 1571 6,000 b (2,722 kg)
A AR, 7HE & Weko g 1571 6,000 Ib (2,722 ke)

322 HA Mg
AR 8% Fig. 19 ‘4“5}‘5 HZ4 22 4| (Beacon
Assembly)of 6,000 1b2] AF3| =& 52 K78 FHaL o]
23t shaoll A HlHo] we = R] oFal AT of g}
I ks 7 Al A2 3 B Bzl HSEH
A} AAE 9ot e dFnleS A A&sielon
H7 BEjzle] FAE 38 o8 243} A s

ek 55 27} A, 92 A An 5L A7k A4
ol CPM el ZAS: $i7lol 2 R4k vl eslel
2gjol7] wjge] HZ HeAe TAAE AdR] S

o] A Aoz waHn 1x gL sl AARE A
Asket.
3.2.3 FeleasfAM

QUAFsgol ofFt T QAS Busly] $Iske] ket
A& sastel 12§ BASGOm WA 271 3.0 mm
o= AA3IAT, 93,629742] AAT} 3599579 @A o] g}
of B4S sttt AARACRE CPM BR|9} v B3
o RS AARE S 2do= gt
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Table 7 Maximum stress at beacon bracket

Table 8 Results of finite element analysis

Axis X-Shear Z-Shear Y-Tensile
Stress (MPa) 200.95 182.04 320.74
M.S. 1.20 1.42 0.37

3% Aluminum yield strength: 440.0 MPa

No seperation

[c) Tensile Y-Axis (d) After Test

(b) Shear X-Axis

Fig. 7 Test and result of the shear and tensile test

X%IOHH 5.0 mm <ol A] 6,000 Ibe] 3}
} Sl ve Motdrle WEgem
6,000 b2 a]TE T7}5}§’1D}.

314 Axk= Fig. 63 Zom {3taasiale |
34 273 Ql ANSYS 19.02 ALl

Table 73} ZFo] Y-913H9] M.S7} 0 oJA}o.& Lz Q1A
2elskeict.

Adslze] ot A7 +x S gHshr] ¢t
AAEE S Hek-3eS ALbskgict. AAEE(1/4-20 UNC) 47K
o] & SAUHAL 127 cm’o|H & % 6,000 Ibo] == 3}7]
2)(2)e] wet HAEE A WAYE = Ak 210.0 MPao|
=3

ofo
do

3t

B

tlo

whebA, e AL
MPa oido] &= g 2EE dAlf 283t = HdAd
< SHESIRI

324 ANi™ dat

Ak / 1 35 6,000 b 1527t Figs. 7(a)-7(c)oll A ol
L AAY A7retelom Fig 7(d)e} Zo) vjHo] Hal=x] 9k
ow gt 2 AP E WAYSHA] A5 FRlskGiTt

3.3 &= K&k (Penetration Resistance)
3.3.1 @9FA

HEAFY a2 ofjet k.

AA] 8= 0.5 me] Hef2 A 9lem £ 6.35 mmo]
™, 24 0.06 m* {ol2] A $lof| AIAE ¥ A7 6.35mm,

Thickness of CPM Deformation of thickness

body (mm) (mm)
7.5 0.14
7.0 0.21
6.5 0.26
6.0 1.07
5.5 1.24
5.0 1.26
4.5 Penetration

Z0] 40 mm, 7%= HRC 39-C452] Ho| |25 500 Ib (226.8 kg)

o] 25 3me] feolol 4 AlAle] 44 stk
AAIS] Aol 4B AT A9 753} Y

A PO 2
2] Als 35k =t

Hx-

3.32 &/ g

500 Ib (226.8 kg) E7F2] 32} HRC 39-C45 =9 3T o]
ArHTRE] F2 oo 2 YatE7] uiZe] skl A
<2 o2t AYEY. FF st AE flste] A=
Elebs QRS 2Hashar).

= JC_L:[L}_{; %20}7] %t CPM =419 FA= /38

ke asiiE afste] 2 SYS 2SI WAl 2
7= 5.0 mmo g gzgs}gaﬂ, 28,1507 2] AAL o]g3te] 3
Ae sttt AAxRAoR AT RE sHEe AEARE
Y 2How *éxé‘é}&"it}.

HAE 2% 2 s o4 TR I LS-DYNA'S A&
g = AlEdleldE Fstol CPM w419 FA o whE 32
sHio] CPM 54 #Eo 75 A5kt

Table 83+ ZFo] CPM EA4|2] FA1E 0.5mm 4o =2 H3}

Al7]H LS-DYNA V9702 2 3418 S=a33}9ct.

A4S Zall CPM A4 57 5.0 mm ool A= 0]
dojuhx] ¢S & 4= 9lglen] T 5.0 mmofl A 6.0 mmeoj A
+ 1.0mm olFe] FxFe] WYL|E2 CPM £A| FAE
6.5 mm= A 2-g3s}ct.

3.4 Al Zut

7# AAE Y Z5 EOR Fig 8(a)et Zol HE A9
35t e Fig. 8(bellAet Zol Ald2dy CPM w417}
WEEA Frem 0.5 mm olshe] Mol WAL}, 12]aL
AR F u|Ee] HEO] glolErt A4 HeE Ao

F7F2, CPM &4 77| 6.0 mme] AAIE A&sto] o Al
dstlor] 3 Ay 1L.0mmYPre] Mol WAE] FxE

> rl; o
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Weight No penetration
(500Ib)

et

Y-Axis 2-Axis

(a) Penetration Tester (b) After Test

Fig. 8 Penetration resistance test setup and test results

—Axis‘
Q0

Fig. 9 Directions of static crush test

Y-Axis

X-Axis

Diagonal

AR Fold Fgol AR, Y5 BE A9 W BE
7h FlolA A Belx egkon i whAel] sko] HyE )

onz CPM &4 F7= 6

4 Hk(Static Crush)
341 27FA
et a2 2702 Fig 99 o] AAnKE I RE0| FHI}
Zjzhd o] & 4sEoz 5E7E 5000 Ib (2,268 kg)o] 515
17FghcY.

342 4 M

ARRE T HES FHI iz WRke R 5,000 1b9] sh5
O)FF AR BT RES] HFPCR e HEo] ukio] HHYE]X]
ofotof gttt Zleju Rrkeke skl WE AT A/ &
T27 skgel vlsto] Ao woba il a2 dE Il
23t 27HA Q1 A 282 B asict.

=
AR oRES] AARE A
A= Z(Rough Contact) = ©

okl 3=& Fig. 99 Al Wkl =3}
5,000 Ib 3155 F715tSict.

AT 229 2 (Contour) Fig. 101} 2o
A e fItasas TRIWel ANSYS 19.0 ARE3}
e

Table 99419} o] M.S7} 5.0 oJAyo2 2 1z AL
SERTES

:x;:wva\enlsm Max. Stress : 78.3MPa

Type: Equivalent (von-Mises) Stress

Time: 1
2019-04-28 23 701

78.268 Max
69573
60878
52183
43488
34793
26,008
17.403
87076
0012523 Min

cx

lent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1
2019-04-28 2% 655
12421 Max

11041
96608
82808
69.008
55207
41407
27606
13806
0.005607 Min

Max. Stress
: 80.5MPa

Max. Stress Equivalent Stress
- 55.8MPa Ty Eqlnt oM Ses
Unit: MPa

Time 1
2019-04-20 97 11:48

129.92 Max
12437

Max. Stress
: 130.9MPa

() Y-Axis (d) Diagonal

Fig. 10 Results of finite element analysis for static crush

Table 9 Maximum stress at static crush loads

Axis Z X Y Diagonal
Stress (MPa) 78.3 80.5 55.8 130.9
M.S. 104 10.06 6.9 5.8
Part CPM CPM Beacon CPM
Body Body bracket Body

344 N &3t
Fig. 11(a)e} o] ZF AJA| E el & ¥
F= F7Isto] o AES Rskl e
o] Ftx WHFo| A=A pkgkom
g EU= o

5871 5,000 Ib 3}
o Flg (bl A <F 2
mae] HEof Holg st 4

3.5 112LHSPd (High Temperature Fire)
3.5.1 &7=A

T2UYsHA QFRAL ARHIRES *PQ(ZS:N:S"C) oH3
3} & 158 kW/m?e] ¢ Lo AR RIRES (A7} AL o
2 eEZ9)h AE F ARERIRES 3H 25 = 1100°C(R%
3} 950°Cofl A 1100°Cy7F = Al & = 7] FollAl
S



October 2019/917

No
deformation

Y-Axis Diagonal (b) After Test

(a) Test

Fig. 11 Test and results of test for static crush
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300
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H —
i : S —
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000
Time(sec)

Fig. 12 Results of finite element analysis for low temperature fire
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h

L =C+—
Cequzv C AT (4)

Max. Temp.
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(c) Max. Temp.
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Fig. 13 Test and results for high temperature fire
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——Memory.
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Fig. 14 Results of finite element analysis for low temperature fire
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Fig. 15 Results of test for low temperature fire
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