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A Statistical Analysis for Initial Sizing of Jet Airliners

Wonjin Jin
Department of Aeronautical & Mechanical Engineering, Inha Technical College

2 % E =EoMe AE 44719 27] Aol (initial sizing)°ll 7%= A (design parameter)g SA412 <1
W At FFee 9 FBguIstHe] F57] /g dAl(aircraft conceptual design) FHolA E-8E]
£ 7129 27] Alelq A BAXS AdE 9 73 AE o479 B4 9 A5 dloE ] 7Iekstal Utk offgt
S st flste] & 1097019 g, 24, %, FEAE, £= 5 4 % sl HE AE 944719
golHE 283ttt ol& EdE Aok 39 g4 (power regression equation)& =&AL 7|9 4 A3t

o Hlwstitt. 121 Hjo]E5 % (maximum takeoff weight)& 7|1&£ 28 F5]F%(operational empty weight),
FdotE(payload), AEFF(fuel weight)S BAH WHORE Aot E3, 45 (seating capacity) E g
A2 (range) 59 Ae87x70 FEFol= AE A7 AWsHE(wing loading)® FHHFHH] (thrust to
weight ratio) 59 AAH4LE F5te v BlAY 39 HAE TEoI FSoHAT 2 ==l AAE At
= 37 NEEA oA BEAT(rade study)?t AN (design iteration) IS HASl6l7| gt @A
F57] 71584 (baseline configuration)S AFolst=td] &a3 & J& Zo=z HiHc)

Abstract In this study, the initial sizing of jet airliners was performed using statistical analysis. The
currently available statistical equations for the initial sizing in conceptual design of an airplane are
based on a limited number of aircraft sample data. Furthermore, the geometry and performance data
of aircraft, such as the seating capacity, wing area, weights, maximum range, and cruise speed, are
outdated. Therefore, the sample size was increased, and aircraft data were updated to improve the
accuracy of statistical analysis for an aircraft in the conceptual design phase. Using the updated aircraft
data, the statistical equations were modified and compared to existing equations. In addition, nonlinear
regression equations were derived and validated to estimate the initial sizing parameters, such as the
maximum takeoff weight, wing loading, and thrust to weight ratio. The statistical analysis in this study
could be applied to define a baseline configuration for aircraft and minimize the efforts for the trade

study and design iterations.
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1. M2
571 /WdA A (aircraft conceptual design)= &
7] AAI9 A HARH, S&aTEA0| Rk 4
2 W= g3V SFe AHsk, FF 7

Al(airframe)] 71 43 AolohH, 3] (propulsion
system) 5-& A%sk= ZJolct1]. HstollA P55t

2 AT MBS T3/ AL 452 Eé}oq
7] ARTES B, JAe FAYH Bl
B oles 937 A4 BAE olslsiel, P

(aerodynamics) ¥ H|¥Ad5(aircraft performance)
I B T3 olEAAE FFD 5 U olHE ol

2 37] MgEA A5 T3V T wSa7golA
8% AZ3TEo RN, FFFeIHEE of et T
H5tate] WSIFgoE JHAEE7| e Fitt

71 NdaAe] AR 5719 27] F9(sizing)
7} SHweight)S BHck= Aolth2]. F3719l 71 4 5
% 121 9L WdlE(wing loading, W,/S)1}
ZZIEFH|(thrust to weight ratio, 7/ W)= A
AR FoHch 35k (payload)¥ Ztidr&A e
(range) 52 ¥37] a1 Fitste JHsks
I} FEdFEHIE Aot olF &R BHAa =
ARA 9 & 4% 4 ok 191 5719 s

HOo =x%
= T70

[8F2AE 5L Y7HA G7IEAZE](wing aspect
ratio)?} TEZ(sweep angle), @7/l (airfoil), 11
HAX|(high-lift device) § &7 +484%} 5719
AA| /4o diste] HFA(rade study)et AANHE
(design iteration)= $H3IH3.
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Table 1. List of modern jet airliners used for analysis
(total 109 aircraft)

ARJ-700  B707-320  B767-300 DC-9-50 MD-83
ARJ-900  B717-200 B767-300ER  DC-10-10 MD-87
A220-100  B727-200  B777-200 DC-10-30  MD-90-30
A220-300  B737-200 B777-200ER E-JET-E170 RJ-70
A300-600R  B737-300 B777-200LR E-JET-E175 RJ-85
A310-300 B737-400  B777-300  E-JET-E190  RJ-100
A319-100 B737-500 B777-300ER E-JET-E195  RJ-115
A319-NEO  B737-600 B777-8 EMB-145 S§J-100
A320-200 B737-700 B777-9 ERJ-135 Tu-134
A320-NEO  B737-800 B787-8 ERJ-140 Tu-154M
A321-200  B737-900 B787-9 ERJ-145  Tu-204-100
A321-NEO  B737-7 B787-10 F-70 Tu-204-120
A330-200 B737-8 CRJ-100 F-100 Tu-204-200
A330-300 B737-9 CRJ-200  L-1011-100 Tu-204-300
A330-800  B737-10 CRJ-700 1-62M  Tu-204-SM
A330-900  B747-100 CRJ-900 11-86 Tu-214
A340-200 B747-200  CRJ-1000 11-96-300 Tu-334
A340-300  B747-400 C919 1I-96M
A340-500 B747-8 DC-8-63  MC-21-200
A340-600  B757-200 DC-8-73  MC-21-300
A350-900  B757-300 DC-9-10 MD-11
A350-1000 B767-200 DC-9-30 MD-81
A380-800 B767-200ER __ DC-9-40 MD-82
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Fig. 1. Years introduced and seating capacities of jet
airliners used for analysis
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2 A7 BA2 SAA WS ol8sto
ol Fstk= AE oZ4719] HAMSE F
t}. 39 EA(regression analysis) =9
W4 Afo]o] BAE FHEshs 2 X
SEHo] ditt ¥ 93
H50] gho] FolRE W S5
AA 24 ol

3} E4olA HlolE EE(sample)d] 7} S71E5
9] &E(p-value)o] TAsIL, 2] =% (significance
level, a)o] ok A A (statistical power)o] S7F
et 24 2ol BA4 794d(significance) HA &
2] 371 S7HEE g FosiAER 39 24 2
9] A&7} EoltHg). 3t A AR(R)E =&
39 AT A E& HlolE Ae]9] RALE UE
e Hxolth &, R*9] glo] 19 7ML At
Haxsto] 39 WA A& Fert SR

1o

, 59| HdelSS=H ;)&
EYHSE Slo] T4 SATHIW,)S F5k=
39 WSS F37] MdEA FuEAA ZolE
4 Utk Roskam[512 W3 W, 9 TAE offet 2
< "9 39 B4 oc®E UElIth Roskam®] ¥
HL Boeing 727-200 ¥ A310-202 5 1970~80tH
o 574%t 2159 AE 4A47|E H2O= Sal Qlrh
Roskaml5] : W, = 0.8323 1963 1)
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WRAe A 39 "EA(power regression
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equation)°|2t1L gt of7|A] b} c= 3] Ag=oltt.
E3H 1970 58 AE F57|(et transport)9
ZeF 50| 7|¥tslo] E&3F Raymer(2]2] 39 2754
< o2 At

Raymer[2] : W, = 1.02 W) 2

9] & A9 39 Al ghol v Zolrt v
AL E&H B9 TR 7 A= t27] mEelth
2 =RoAe § 1095 AE o479 S 284S
oleto] AHg EA] B4 I 1ol SPSS Statistics Ver.
2691 &8It} SPSSollA] o] 7Fset ot /3
9] 314
o 3 EAUS AT 5 Ao, =24 39
A2 Eq. 3)7 2. Roskam¥ Raymer<]
et vlwsty] ste] S HRlE bsE Ytk

W, = 1.2479 Wy

S99 37 2Ho|M BH AFE R*=0.99352A4
79 19] ZHStERE 39 W49 AL vi¢- =Tk
EQ F-valueZ} WolA p-valueZt p)0.050]9 F<53
ol gk SHHS0] o] ok sk,
P 319 EAollAlE p<0.012 YESLTE Fig. 2014=
A2 =29 I9 P¥4(airplane data)?] FAA
(regression line)& Roskam @ Raymer?] FAA1%}
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24

Airplane data
—— Roskam
—— Raymer
Regression line

W, = 1.2479W0931
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Fig. 2. Validation of regression analysis (V] vs W)
(Unit: lbs, R*=0.9935, F=16485.7. p <0.01)
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Table 2. Regression coefficients and R*(weight)
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Fig. 3. Results of regression analysis(wing area and thrust)

Table 3. Regression coefficients and R®
(wing area and thrust)

Non-linear regression fq. : b Non-linear regression Eq. : ¥ = bW

Y b c R % b c 2

W, 11817 0.9311 0.9935 Wing arca. ) "

A 1.1538 0.8575 0.9601 s 0-009 0-8489 0-97

Wf 0.0077 1.2923 0.9620 Thrust, 7' 8.4218 0.9068 0.9823
3.2 WHEE U %2 87 24 33 M5Q7Z HU0ISEY 7 B

T ol9ol FB7] Al B thE 52 AN o719 27] Aol A%t S, AHF(W;/9),

= °‘E‘i€l%‘—< Wy 9k FHASFR(T/ Wpelet. ST zejjzapu)(7/ ;) 59 QAMSE 45 (seating
AARSE q&s7] 9sto] W, E7iH3(wing area, capacity)®} ZHd<78](range) 59 A58 7Z 20|
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(R*=0.9486, F’=2012.8, p <0.01)
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A2 Fig. 401 AAE 371 Hlolg Q] EAZA %
GAT 5 et

W, W, W; el tigt 349] aA= Table SO14 £
% 9t A5e7270 weh E&49 Table 49 W&
7150 =2 Table 20| AXE % 37 P4 0|85
of W, W, & F7gstdct. Eq. (99 2ol W W+
W+ WolEe 1,2 3] Wgale AMBaIA| okt 24
W3 WS Wyol A  ghog goleieiet. Table 50f
Uehd viel o] AA| FEFghat BA 4 Sk A+
ole & 24 kgfollA i F 33,000 kgfoltt.

TR AASL oRskE( 17/ )T 24
8|(7/ W)l tigt 3387k Table 69 AAE At 2
Zro] G (S)3 (1) Table 49 W, 343kt
Table 39] 34 HF4Z Bt ALkt

Y

Table 4. Estimation of Wj

A/C type Seat | Range VE’ [kgf']

P [ [NM] Actual egr:ssw Difference
A220-100 120 3,450 63,100 73,612 10,512
A350-900 440 8,100 283,000 307,828 | 24,828

B787-8 359 7.355 227,930 252,195 | 24,265
B777-8 384 8,730 351,500 295,552 | -55,948
SSJ100 108 2,472 49,450 54,995 5,545
E195 124 2,300 52,290 57,462 5,172
Table 5. Estimation of W, w, w;
W, [kef) W [kfl W, [kaf]
A/C typ € L
Actual | Reg. | Diff. [Actual| Reg. | Diff. |Actual| Reg. | Diff.
A220-100( 35,220 | 40,190 | 4,970 |15,127{17,200| 2,073 |12,753|16,222 3,468
A350-900 142,400 {152,290 | 9,890 |64,600 (58,662 |-5,938 [76,000096,876 20,876
B787-8 |119,950(126,492| 6,542 |44,175|49,445| 5,270 63,805(76,25812,453
B777-8 |180,000| 146,627 |-33,373| 73,500 56,650 -16,85098,00092,275/-5,725
SJ100 | 25,100 | 30,635 | 5,535 [12,245|13,395| 1,150 [12,105/10,965-1,141
E195 [28970 | 31,913 | 2,943 |13,933|13,909| -24 |9.387 |11,640 2,253
Table 6. Estimation of W/S, /W
W3/S Tkgf/m?] W, [
A/C t
/C wpe Actual | Reg. E[r;f])r Actual| Reg. |Error [%)
0]
A220-100 | 561.9 | 566.4 -0.8 0.336 | 0.302 10.1
A350-900 | 640.3 | 703.1 -9.8 0.270 | 0.265 2.1
B787-8 604.6 | 682.2 -12.8 |0.278 | 0.270 2.9
B777-8 | 680.3 | 698.8 -2.7 0.271 | 0.266 2.0
SSJ100 590.1 | 542.0 8.2 0.295 | 0.311 -5.2
E195 565.1 | 545.6 3.5 0.321 | 0.309 3.7
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