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=Rl HdEA AN dof AE oZA7|(et airliner)®] Z7] Ato]A(initial sizing)oll 875+ A4
+E BAA HHoR A&t AAE AXSIAT AE AdA7]= HA(seating capacity)?t x| of T2 of
7 T 71828 FFA(wide-body), &A(narrow-body), 12| 2JAd(regional) 47| 2 EF3ct. of
to] 9571 ' ddAl(aircraft conceptual design) =ollA] E85h= AE AA7]9 27] Alo]d& Hgt 7|&9] 39
I &l(regression equation)2 A|gHE $29] AE AA7| do|EE A8ttt sHA T AT Fo4o] &2 3AE
9] AE =257] 9eiAE A E2 A7(sample size)7t S=5HL A Es)of sh=tl, T4 159 HLE FI2
fsto] AE o715 AFER BRI O IARLES APstd XL I7], & EE9 £ oS At J8Ea
B =52 Y EE(re-sampling) S Foto] & I7|E 7MY FEAEH(bootstrap) WS 8519t HEA
E QrE HHES 85 FEO Ut 2ESIA] AL ALor EEAHFEE(standard normal distribution)E
BHEA7IE SAA B2 2715 S5 AFFZHconfidence interval)Z ZAAE 4= Sltt. ool mt F7hE EE O
5 7|8to & 4 (seating capacity) ¥ @& A (range) 59 Ao 87120 Bgote 27] Alo]d A4 ¥
49 Fo]FFH(maximum takeoff weight)Z ol 7Hsdt AFE A9 39 PAHS =&sh AEA
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Abstract In this study, design parameters were predicted for the initial sizing of modern jet airliners by
using statistical analysis. Jet airliners are usually categorized as wide-body, narrow-body, and regional
airliners according to their size, seating capacity, and seating arrangement. The reliability of a regression
analysis (significance and statistical power) can be increased by using a sufficient and appropriate
sample size. However, the currently available regression equations from conceptual design classes of
airplanes are based on a limited number of airliner sample data. Moreover, the sample sizes are further
decreased if regression analyses are performed for wide-body, narrow-body, and regional jet airliners.
Therefore, a bootstrap resampling method was utilized to substantially increase the sample size and
improve the confidence level of the statistical analysis. Based on the increased sample size, regression

equations were derived to predict the design parameters of jet airliners and validated.
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288724 Fote A2 IRHEE 57
2 AAstal, F37] 71A(airframe)?] 712 %
oJst, FAAR|(propulsion system) 5=
A % —1—%‘—:’_ 57170 A (aircraft  conceptual
design)ztal HCH 1]. J=1 7] HdEA 92> A
A Q= (design requirement)s 431, 7|AQ} 5=
ARAE 2Fot= 571 A dAE olsfist, %
gstat HPs B FF olEAAE YT £ e
ug 3ggskat But ohyt g3y
oz 7jA=ar Qich

F3719 7] 9@ F%, 183 82 W6k (wing
loading)®} S dl5H|(thrust to weight ratio)Zh=

A

“

[e)
o

o] w53

AR o2l gEA 2ACIA Fe719] 2
7l 9 3%, 5 3571 AR sizing)& 7He?t BHAoR

FAtd dE5AHtrade study?t AARFE(design
iteration)[3 4 A= ot 7| Al A

& TlolEHo|A ol& 7I¥te® BAH B
HE 5319 EEH 37 ¥4 (regression equation)d}
ZAA E= S]PA(regression line)S AREso] &5
7] 27] AlelAE g AANSE 789 4 lTH4,5].

9 7129 371 igAA Z402,6,719014 AT
Sk 3719 271 At A% 3l AR 1990
qu] ol 5%t 3719 HolEof 7Ivketar Q1L

Ao ALEE 7189 5, & HlolE 3 5.7](sample
Slze) GA] AHAo|QIt. A& =9 JNgdA 0l ¥Iws|
E8-=l= Roskam(7]19] 319] W42 Boeing 727-200
2 A310-202 52 Zo] 70~80dthol HEet & 2171
FZ HEOF Sto] EEESY] Y] HEE HolHY
FHAlster #2955 F74A2 ot gt

whA] 2 =2olAe FB7INEAA =HolA
83 5 TS 19909 016 A
AE oJ747]19] g4+ 9 45 HoleE St 181
o] 7Htog REAENR ZHJ‘?EE(bootstrap re-sampling)
S olgste] B2 7§ HE F7HIA SAZCE
T H& fYuigt A7) 27] AbelAE B HEAS
L= i

EZ
EE?E].‘T

=3 3
TF=ESH S,
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2 =RolA AFEEH AE Q7= & 1097182
A, 196599 ST A5 9049 DC-9-10%H
20200] A5 B3t F44= 41449) Boeing 777-9
7HA] AFA T} 37171 thaksict Table 13 Zo], &
HHo 2 AE AA7 = AFZ 7I1E0E 7R &
St} FsAl(wide-body) HA7]+= A (cabin)e] B2
7} 2024 (twin-aisle) F&57F 25070 ©14<1 SHE
oq771°ltt. @& A (narrow-body) 9147]= 44 &=
7} 3l(single-aisle)o]al FA4E= 2F 100~250710]
of E3H #H44 1009 olste] 4% oA7|= YAE
(regional) ®JZ7|2 BRIt F 1097159 A747]
o] W), 123
FX 4 (seat capacity)?t HHFEAZ (range) 5 4
AR 9 o] et JE= JFEH8,919] oA
7] A A=A LH st

S35 FHmaximum takeoff weight,

Table 1. List of jet airliners used for analysis
(a) Wide-body (total 39 airliners)

A300-600R  A340-500 B747-8 B777-300 DC-10-30
A310-300  A340-600 B767-200 B777-300ER L-1011-100
A330-200 A350-900 B767-200ER B777-8 11-62M
A330-300 A350-1000 B767-300 B777-9 11-86
A330-800 A380-800 B767-300ER B787-8 11-96-300
A330-900  B747-100 B777-200 B787-9 11-96M
A340-200 B747-200 B777-200ER  B787-10 MD-11
A340-300 B747-400 B777-200LR  DC-10-10

(b) Narrow-body (total 54 airliners)

AR]-000  B727-200  B737-9  E-JEI-E190  RJ-115
A220-100 B737-200 B737-10 E-JET-E195 SSJ-100
A220-300 B737-300 B757-200 F-100 Tu-154M
A319-100  B737-400 B757-300  MC-21-200 Tu-204-100
A319-NEO B737-500 CRJ-1000  MC-21-300 Tu-204-120
A320-200 B737-600 C919 MD-81 Tu-204-200
A320-NEO  B737-700 DC-8-63 MD-82  Tu-204-300
A321-200 B737-800 DC-8-73 MD-83 Tu-204-SM
A321-NEO  B737-900 DC-9-30 MD-87 Tu-214
B707-320 B737-7 DC-9-40 MD-90-30 Tu-334
B717-200 B737-8 DC-9-50 RJ-85

(c) Regional (total 16 airliners)

ARJ-700 CRJ-900 EMB-145 F-70

CRJ-100 DC-9-10  ERJ-135 RJ-70

CRJ-200 E-JET-E170  ERJ-140 RJ-100

CRJ-700 E-JET-E175  ERJ-145 Tu-134

2.2 32NN HEE U

S (regression analysis)O &t EHH4independent
variable)?} £$%¥H 4 (dependent variable) 749 A
£ Eote 3 WAL EEcto] F&Hsol gt
54 B9 9F¥ES EATAY, SYHHSY FoE
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SEHF g dSske SAA 24 WRelsH10L Fojal Fog 2A3tT 7hgshd BEAED dpHo
SFREACIA HlolE E29 w7 SRS KA F R (2, F) 9 AA BEEZ J (t, F)o] 2o
E(p-value)o] #4astal, Fo4F (significance level, Jn(t,ﬁﬁé e sk o714 Jn(taﬁ% F= 0] 27
a)0] HolAA AXH(statistical power)e] S713tct. .
wHaste] 544 §9ignificance) G4 o] T L2 WA WA AR,
57t 7S OS Rl B ALY At o (6B = PilR, (' B) < 1] ®)
257} Z718IH10). ol Fox HEAEHS Eslo] YEE o =(z],
SAENA Xﬂii% el R 7]35;9] BE E‘élrﬁoﬂ*i 3 o 2)e 7, olo] et EAZ R (+', )
2o TR F53t0] A2 #2S sk Biol R
. QEZQ AEE 9ol HEAEDN UYL £ ol REERE J (¢, F)ol2ta FFsH= A Lt 18
A4 (permutation test)°] Ut F 71 AEE dpH 7 FAR skEHS0] REAEHO| TR 1 =(z,, z,
o] B4 ¥ A olier ZrH11l. Ty, .., 2,)0] ot ZAR SAL R, (o, Fo] B
HEAEHL AlF 7K confidence interval)g & I 2)ol AT Qe SA

o15}7] YJsto] AMEEH= AEE HPHolA T &Y AR
W AR (null hypothesis)S Al@st= Hhyolot.
E3H REAEYLS HO| BY FZEo0] 7H5olEE of

2 B3to] 57 719 AEAolH KBS YT & 9,
o e Alsrhe Susle] folbE AYEe
QUch A, £9 APPL WRY £2 T4 EE
AL ALFSHE Ftol ARLE APt EE
o %2 F7H14 4 gk, olefet 54 ngo] FEAE
W e TRt ok HoplA $AE Raguos

851 UeHiz-141

A o] 71 ol JY 19604 ool
B 7150 S % 1000 BUFER B =RolA
B 2] $18 B0 BAA B4 4519 994 B
2 9ot} REAEY AEE PHS TEIAch

2.3 BEAEY uiy

Efron[15]0] &fsto] A& 3ot FEAER] e
Foll H2oA 4 49 EES FE5] A T
she 24E ndl WHESI] n7bA] E29] 5 9k
dole] SERE FEEE 499 2 v=(z, zy, 73,

, 1,)E FEUS W olo] Wit $AZS vt ol
LHERdT

R (x,F) (1)

919 SALF FARETIE ol o] T &
ATH16].

J,(t, F) = PR, (z,F) < t] @

UukHog R (r, F)O HEEIO J (t, F)S 4
Sto] SEEE £ HiRt FA4 %‘—%% ARttt 1d
.
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o A4719] 27] AlAE LTt 57, sk, F
FEH 59 AANSE 45 HUgEAE 59 4
87261 F55HeE 279t whA FHAa
(Seat)2t HHFEA(R) FH(SR)S SR ot
1, FHIDDE S5 5o AF, & S5 gt
TEo] glo] BARAE Y6y, E&d HAdE 3§
A AR TS 39 AT FAHES FAH
Fig. 1o AA=o] QItH17]. Fig. 104 & 4= %o,
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EE317] fote] A4A471E FEA(wide-body), BEA
(narrow-body), B|Ad(regional) 5 AFEZ 1,}_ro1

150} AR 0] B(SRN thet SO o

& SI% BARNS
A= ek

Y5193, 1 AIH= Fig. 20 Al

Wo (kgf)

00 | gl W, = 13.611 SRUS6%

] 2 4 6 8
SR (seat*Range, NM) X 10°

Fig. 1. Results of regression analysis
(seatxrange vs W))[17]
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22 R package(R-4.3.1)[181& &
}01 138 =] ]1ct. Zﬂ%‘?‘é 3E79 o7 et AE
E«] o= 247 5000712 d7gstalom Axghel gt
S|AE I (histogram, )T FHEE1H(normal
$3)°] Fig. 30 et Qltt. 19
oAt EgHy = 5o HqPEAY &
(SRYE vehdth. A, daA, =Ad 4719 ¢
& HEo| 7t @J—, E@E}«] 2 vl A E+f3]sto]
BEEAFERZE w22 A9t} AT oA B 5
AUxo] 5,000719] REAER] Azo] o3t mATh
HEPFERLE 92D 11, ole AY 7k Xéﬂ"
GEIHNAE G 5 ek oReE BHT] A
BHagte] AlERztol 23 g Ve AEsE
(confidence level)2 E5 95%°|tt.
Table 2= o479 HFd 29} HojaA 7]
o] F(SR)ol tiet FH(W,) F4H= flste] FEAEH
AY32-S 9 27t e A S

probability plot,

_i

734 linear regression

equation)?] 37 A4 (regression coefficient) Z+
AAsELL ATt

?
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Fig. 2. Results of regression analyses for airliner type
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(c) Regional (confidence interval : 95%)

. Normal standard distributions(left) and normal
probability plots(right) from bootstrap re-sampling
(sample size : 5,000)

Fig.

Table 2. Regression coefficients (bootstrap re-sampling)

Linear regression Eq. : W) = aSR+b
Airliner type a b
Wide-body 0.0644 93,307
Narrow-body 0.0986 27,936
Regional 0.1896 10,414
7|4 g HAE A WA (non-linear

regression equation)} Fig. 19 AAIE B2} Zo] A
F9 &0 gl IA rEOZHE =EEH 7%
o wiet h2A|NL ATl & 4= Qlko] ANtHoR F
Fo| S5 AA g} RN =4 gk Ao7t vl
A FA veta ok AE W A oA
B747-89] Hdjo|E55%F AART vy IH g4

A
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d=7r9 Aol= 137,542kgfolx, FEA o477
A320-neo?] Xoj= 23,621kgfolH, BAE oJZ7]
CRJ-1009] Aol 2,605kg/1d|, o|23t AL Fig.
10l AAE F57] Hiol5 9] BAlwo A= ER1g 4= girk.
193 AGER By, RFEAE YHEE Bt
&9 39 PRAEL 7129 vy A B4
H|wste] AvtE o7 AR FFE v oA 45}
I YL E 4 Utk = B747-89 AARIT REAE

o) &gke] Aol 122,215kg 01, A320-neo? o]
L 16,231kgfo]H, CRJ-1009] ol 1,467kgfolch.

9l
il

Table 3. Estimation of W (wide-body)

Airliner Seat | Range Wy Tkgf)

(intro. year)|  [] [NM] | Actual |Non-linear| Bootstrap
A?ggééfo 850 | 7.650 | 575.000 | 459.053 | 512.068
]Zgﬁf 467 | 7,730 | 448,000 | 310,458 | 325,785
]Zggf 384 | 8730 | 351,500 | 295,553 | 309,196

Table 4. Estimation of W, (narrow-body)

Airliner Seat Range Wy [kgf]

(intro. year)  [-] [NM] | Actual [Non-linear| Bootstrap
Aggg)oo 120 | 3450 | 63100 | 73.612 | 68756
Agg;z)eo 195 | 3,500 | 79.000 | 102,621 | 95.231

B7?270’1Né§”‘8 178 | 3550 | 82,600 | 97,500 | 90,241

Table 5. Estimation of W (regional)

Airliner Seat | Range Wy lkgf]

(intro. year)| [-] (VM Actual |Non-linear| Bootstrap
A%Zolo’g)oo 90 | 1.200 | 40,500 | 30,137 | 30.891
oo | 90 | 1550 | 38330 | 35725 | 36863
éég% 78 | 2,150 | 38600 | 40375 | 42210

4, A=

2 =oies dd AE o4Z4719] 27] Aol &A
oM aFEs AAUSE SA 24 2= F45ke UH
= AAShe FolA t=e] 2ATE =SS

=2
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St 7] 27] Aol AAWMSR] FHE A5
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gt AF ALt HANE 18-S 51—1—94"3}7
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B =Hox T2Y 37 WAL 883 4
2 7|3t ok, 3719 @75“‘54‘—9]' s
-9 ThFsHAl AlEE S Q1A olE ¥ 7He] &
Alstal AR R FA 9 zqa]va}r,}:q F371 NE4A
J]_j?,] _Q_J,]./gl:,_ ._7].01— 740]1:} JE-]UE :,Lza]—x%/\l
E‘:“(Structural Equation Model, SEM)¥} Zo] =3
S8t ofyat A <(atent variable) Ate]9] J&F
J&ﬂ]”}x]E OE = SA7HES JH9AA xRt 285
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