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ABSTRACT

LRU layout is a complex problem that requires consideration of various criteria such as
airworthiness, performance, maintainability and environmental requirements. As aircraft
functions become more complex, the necessary equipment is increasing, and unmanned aerial
vehicles are equipped with more equipment as a substitute for pilots. Due to the complexity of
the problem, the increase in the number of equipment, and the limited development period, the
placement of equipment is largely dependent on the engineer’s insight and experience. For
optimization, quantitative criteria are required for evaluation, but criteria such as safety,
performance, and maintainability are difficult to quantitatively compare or have limitations. In
this study, we consider the installation and maintenance of the equipment, simplify the
deployment model to the traveling salesman problem, Optimization was performed using a
genetic algorithm to minimize the weight of the connecting cable between the equipment. When
the optimization results were compared with the global calculations, the same results were
obtained with less time required, and the improvement was compared with the heuristic.
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Nomenclatures FRAFF7e] A ZFTAE dASH] Hste]
WA AFE, ThFd MM, LFL @ F} &
v gl &7l EUHFE S AT FATA A6 5o
l; = Cable Length, m = }o
2 st B g2 FHle gA47F 27"
m; = Cable Weight, kg FE7Ne FFH, FNATG B 9t FA
n =  Number of Population azlel gk Aeke] AW, o] UstY YA/
p; = Specific Cable Weight, kg/m FRto] AT dAE b el w2 BuE
P = Probability of Mutation WAShE & et Afem Qste ofHfe <ol
g . W, olE Slste] 2t WA mAES Hrhets] 9% 7]
P, = Probability of Crossover zo] Qs
CspP = Constraint Satisfaction Problem Xiaojian, H.[2] #H] A CGe EE CGHe
FOV = Field of View 2}ol7t H47) HEE WX 7158 3309 23He A
ILS = Integrated Logistics Support ostar Anle Ao WE CG WEE =dl st
IMA = Integrated Modular Avionics S8 CGoll Ald ZAste wWiA =92 PSOYH <
KBE = Knowledge Based Engineering olg3te HAsehz A7E FAsou, Aule
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LOS = Line of sight ;j/g;;;’—q]ﬂ]j - ;_sz}oa *757;‘;;0]-;:‘ Oxt'j“;b ig}" ag
. . = - r T e Ar & -
LRU = Line-Replaceable Unit Mol ] Wesk o] 9ok
MTBF = Mean Time Between Failure Lee, K. Y.3]= T2UH3} E28 714 Au 4
PDF = Probability Density Function Bol Izt wlx EAS sdsty] 98 & olF A
PMX = Partially Mapped Crossover S} Jl7ke] wix|Elol Hle A 7He] ATE EHF
PSO = Particle Swarm Optimization T2 A Wz HASE FPsigoy 3Tl A
ROC = Required Operational Capability &Y A5 AvAe " FrF aerh 2aste, £
TSP = Travelling Salesman Problem Heh ol et HHFe) 4 3 F7F Wt
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Fig. 1. Commercial Aircraft Equipment Number
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Table 1. Layout Requirements for Military Aircraft

. Reference of
Category Detail Category Requirements
Fire protection
) ) Airworthiness
Lightning .
System Protection Requirements
Safety MIL-HDBK-516
Environmental STANAG-4671
Separation
Operation
Environment | T emperature MIL-HDBK-310
requirement | Altitude MIL-STD-810
Vibration Level
FOV RoC,
Performance | LOS Manufacturer
Signal Reduction | Manual
Door Size
. MIL-STD-1472
Maintenance | Door Type
RoC
MTBF
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Fig. 2. Simplification of Problem
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y Table 2. Cable Type and Weight
Signal Wire Gauge | No. Di
Clearance —» LRU
Height 15538 4
M22759/34-22-5 | AWG22 0.0042kg/m
- o ; Ground 2
’.-0.1 @ = .| ‘ ‘
| l«—LRUWidth— | | Total 6 | 0.025kg/m
- w »
Fig. 3. Definition of W and H Aul b A Aeles A4, Ao 3 RF 5 o
TR dAdo] AMEEU, AH] 7he Z%Oﬂ /\}%Qt
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5 s vk & ATl A FESE s 599 0.025kg/mE UERE 5 9lth
et el H§ B BEJAT Aol Eo] EIE
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14 FHze A= A e A2 912 AA S 38k Fig. 63 2ol Hj
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Fig. 4. Bay Dimension and Clamp Location
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4.4 HMst A M Table 3. Dimension of Equipments
AP=E ALE W vlae] AGE 9t F3t LRU W(mm) H(mm)
slate] Z+ A AFE HnE® oy, AHAHA A 210 130
TE Fad Ids St FAAS skA 4 7t
ZAnje] Aold FeuS HE JAF e AT w B 150 100
Aeolstm 2 (4)9} Zo] e 5 Ut C 120 220
= m, @ D 155 110
E 220 200
V. 2 g F 120 170
G 200 185
iz 7Hsd BE =gl tiste] AF =S AN H 180 135
< HHeo FFEE ZI Heuristic ¥, 3 ¢
AFe AAE HH AR=e} vt FEAL I | 250 220
Hicias
B i &F7)E Fig 113 2o] 2wt Fwkol Table 4. Cable Connections and Weights
zrzy el Az ke VAT Y, #He FRS AlBlclibplel FlaglH]|
e 2o A FE A Qg 7HE
AolBLe 7+ AHT;7le] Hoo T BB AT B A 660 | .334 | 225 .115 | .667 | .500
Z1= a1, Zb F3ke) 2708 F 4o S EE o] &St B | - 225
o AolEs AR F AolEe AEs SHZ c | - |- 780 | 220
Zrel AlolE AES ko 7HA g
7o) met A%l Qe we EO/R, 94w [ D T 7| - 27 | 3%
LOS <teElY 2 &4 ¥ Fig 119 99 yhol & E| -] -] -] - 442
Zhe] o WA T el A Aleldnt Fl-|-1-1-1- 1.34 563
4t Al & 97leld AnRlel 27](mm)= .
Table 33 2or] Al 2 AAAR & Aol g |G| | T[T 717" 29
(kg/m)2 Table 49} 2t} L e e I I i R
51 M A4k gk o JN I R T
Tables 3, 4] =74 A %@ 7] 98t 5.2 Heuristic &
of HA 3ol thetd ALE sk 979 AH]
2 23 7158 A= 362,880 0] o). Heuristic ¥ Hot H, 7 7MAZ F&3to A
Bagt Aato] a3 zHqME RE AAL = £39th HE A2E olFlExe] gu 7 dA A
gatrlol= AFH A Aol A LARFHY B E% o] &3ty t& AHlete dF Aols A=
AFolM= 20 G AL F3 AIEe] 013% AERE 95 AR, AV LS H AA Ao
Frol e x¢e] AREE ALt %94 @ FFo] & AHE SAsEE &HE 2
Aote ol g E AA AolEY F &9 T
| ] (kg/m)°] & AR =95 AB3t= WHolth
- AolEe]l dol7t HArt HESE wiAstH ™, A
W;'Té Fd9e Tl A el Anrt WiAEL ge
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Fig. 11. Avionics Bay Layout and Dimension
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Ay AXAIFE HA 8163, AT 21125, HF
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o o] wf Aulel #lx] =X Table 69 YE} 9l
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Table 5. Parameters of Calculation

Generation No. g=20

Population Size n = 200

6.2 Heuristic Z 2}

Table 7 271# WHo =g AAR vz ==
Ehd E2 7 e mE Ao SHAEAE ¢ F
AT

Figure 12¢] ®ix] ol we} 47bA vz 2ol
AR ET Table 8& ZF 29 <A 2 APJEE Y
Bl 22, Hod 1521480 93 Aoz Jehd

924 PHel Fuslol #2p m ok
H 955 et T ogwel dolg Hund
MAEA] FARAA @, @ €9 Fush T
WA 5 E guiske] Ael Aol HA L,

SUPEE S vsl @ <9 sk T o)
A gvlske] AzolA FWD 9o AojuhE o 27

AAHEH. Table 9= @, @ <9 AHlet % wiA)
Aulekel 42 #AE Yl 22 © &4 BHl=

T U 25 S Al ZAulel AAEZA ol #1™

ol o 538 el ol fFE ¢ 7 AUTh
HZA ARz WA A2 ¥SH Heuristicoll

29 O <=9 AHA A, GHHE9 $RE=

=3 ol AW FAC HiXE Qa1 HiX] &A=
X

el
o H,9F FARSHA s E o]

Ol @ 0|6 ® O 6®| @
B

H |G| F|A| 1| D|C|E H
sum | 270] 257| 250| 1.63] 1.58] 1.33] 1.00] 0.89] 0.35
H | A|G|D|E|F|1]|C

No. 6| 4|4 4| 3| 3| 3] 2|1
Sum | 250| 2.70| 1.58| 1.00| 2.57| 1.63| 1.33| 0.89| 0.35

Table 8. Fitness and Permutation of Heuristic

Table 6. Fitness and Permutation of Brute Force

Method
Fithess FWD AFT
Brute;, | 8163 |F|G| | |B| A D|IC|E|H

Bruten,, 21.125|E|D|G| A I/ H/F|C|B

. Tournament Selection Method |
Selection , _
Tournament Size =5 Fitness FWD AFT
Partially Mapped Crossover H, #1)| 10760 |F || |G|/D|A|C|E|B|H
Crossover
Px =0.70 H, (#2)| 13947 |A|D |G| | |F|C|E|B|H
. H #2) | 15775 |D | E | A G| I|C|BJ|H
Elitism N/A

Table 9. Cable Connection of second and third

priority LRU
C E B H
" @ F X X X X
Yl ® A 334 115 660 X
I C B H
I @ G X X X X
1 ® D X .780 X 352
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Table 10. Fitness and Permutation of Heuristic 16 —_———
Method I 15 [N ——Optimal Fitness Hy,
\ Hc
f Af FWD AFT 14 [ : Hc 13.666
Brute,,;, | 8.163 - FIG|I|B|A|D|C|E|H 13 \"---—»\
H, 10.760 2597/ F| | |G|D|A|C|E|B|H ERE RS comergoto
3 '~ ptimal Fitness
H/ 9.404 1356/ F| | |G|B|A|C|E|D|H gu H, 10.760 T i
H, 13666| 5503/ G|F|A|E|[D|1|c|B|H 10 f==-n- A
H/ 9.549 1.386| G| F|A|[B|I| |[D|C|E|H 9 |
8 _fming‘163 ((((((((((((( = :
Table 102 Y HA=x3o X—lﬂ(}, _?—Hoko,] vl x| &} i

H,, Hcgl A, = WX E vad %
A7} $ro 2 ol BAHIVL AWo R o]%s}
oof 3H, H+ D, EZRIVE S o =R olFdta, |,
BAHI7} Ao =w 015%@4 oF sttt )/, H = #H
o] olF < WY TA Aol ws) A7t
=7t N EE i% E # A
H,% 29 AF=E A9 l*Pﬁﬂr«l EEG
2o YeH Fig. 137 2o Ao Z& 077022
&9 22.06%, H,= 22152 9] 1.33%° 3|53}
Table 1001]/\1 HE vle} Zo] T 7}A| Heuristic
W ORT GH ] A AR CAA HA A
= XPOI% Hojn, —ﬂwol A4 7)Fo]l dast
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Figure 14% Ald] 7o w2 A= Wss B

F= 2Y9==2 184t o1& Brute,, 2l = A gkl
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= 74 dugsy EHo= sty H"gHHs
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Fig. 138. Z-Score of Heuristic Case
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Fig. 14. Fitness Vs Generation

Table 11. Calculation Time Comparison
Brute Force G.A.
Case Number 362,380 4,000
Time(sec) 48,385 544
Optimal Fitness 8.163 8.163

A Fa HAFEE Aurd Aoz A
7kl whegh sjAde] o] FoiX 3L 9oy, 8, 12, 204
e Aes i AF=rF A S7FeaT B AHe
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i of
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T AReH, 28 ATEe HAY ALt tiEl 98.9% A
Al%‘ F Atk HH AFP=E 816322 H, WH
10.760, H, el 13.666 WH 24.1%, 40.3% 7} = o
Heuristic $HE T 53 235 4& F AU
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