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Table 1 Wide-body aircraft weight data 230 235 240 o245 350 ass 560
i) iem | EREOA | R CEEA | BFZEA 1(Parmo)
| 2099 4 268.0 370 K2 s ES RO RE LS
2 8315 270 248.0 126.0 Flg2 Linear ﬁttlng for logarithm Of WOE VS WMTO
3 7991 350 308.0 153.6
4 6400 300 230.0 1222 ®2 AMLQPEINER
5 6749 246 230.0 120.5 Table 2 Estimation results of linear fitting method for
6 7650 242 2279 117.7 Woe Vs Wyro
7 9450 301 347.8 145.2 = -
Cn Az E =& .
8 7930 365 3515 167.8 s SR i Ll fi2e4/%
9 3250 305 2295 133.1 1 137.0 136.67 -0.298 -0.22
10 3800 368 263.0 159.6 2 126.0 130.75 4782 3.80
1 7700 290 244.9 1212 3 153.6 148.51 ~5.058 -39
4 1222 125.42 3254 2.66
BT R B G B BTG T A 5 120.5 125.42 4954 411
i;ufc(l) 'fPE’J?E%ﬂ[a=0.296,b=57.3721;f€(2) *E@§ﬁ0= 6 117.7 124.80 7.132 6.06
7 145.2 160.29 15.123 10.42
- YEAS =A 5 % ™
0.6119,5=0.6502 UG AARUITE 1A 2 B/ 8 167.8 161.38 -6.381 -3.80
IR WA [ SRR R 30 A25 H5 SE PR R A ) EL & AR 9 133.1 125.27 ~7.794 ~5.86
AR 2 FFE 3, AR AT LR 1 A 45 R KBS SEPR 10 159.6 135.19 -24.378 1527
O£ o S PSB85 2 T AT e, TR - =2 25 e i

o 3 HHETEAHCHED

Table 3 Estimation results of linear fitting method for
17or logarithm of Wy vs W
160 P | M ESPME | s BLA A i 25/t 2E3/%
1 137.0 136.80 ~0.196 —0.14
o 1307 2 126.0 130.44 4437 3.52
§ 3 153.6 148.94 —4.664 3.04
1o 4 1222 124.57 2.366 1.94
130l 5 1205 12457 4.066 337
6 117.7 123.88 6.180 5.5
120 - 08 o o SehEdE H 7 1452 160.44 15.235 10.49
—— Wik 8 167.8 161.47 6327 377
200 220 240 260 250 300 320 340 360 380 400 9 133.1 12439 -8.706 —6.54
Warrolt 10 159.6 13521 24393 1528
Bl iz E Sl CEREL S 11 1212 129.45 8.249 6.81

Fig.1 Linear fitting for W vs Wy,
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Fig.3 Comparison of estimation results between traditional

linear and non-linear fitting methods
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Table 4 Estimation results of non-linear fitting method for

WOE VS WMTO
FPe | MRS ESERMEA | MRS EDSE | W2 2EA%
1 137.0 141.77 4.771 3.48
2 126.0 124.67 -1.329 -1.05
3 153.6 155.54 1.939 1.26
4 122.2 134.77 12.571 10.29
5 120.5 113.92 -6.578 -5.46
6 117.7 113.01 -4.688 -3.98
7 145.2 137.74 -7.464 -5.14
8 167.8 161.19 -6.606 -3.94
9 133.1 132.28 -0.818 -0.61
10 159.6 156.64 -2.956 -1.85
11 121.2 132.08 10.878 8.98
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Fig.4 Radial basis function neural network model

P M R R, AR SO ST W 2% (i AR 2 on e BBCR 24, i
HARZ IR O 11>, B R B O 21>

(2) 2RI — sk B

22 I 235 B RS R B A L 0,11 2 ) R S22,
T X T e S B A T VA — A Ab B

BE X s Ximin 7 TR AREA LI AP 2R b D ERFR SR
KA AR ME, ZE1— kT

X =X imi
X;L: k kmin (4)
Xkmax X kmin

(3) Bl LI 2R

SRR 1 b i B9 L DL A —fan Hh B 2H G 5 5K
Y FRUARE A S 1) BB T [ 3 G S 00 ) 503k A Ao
IR FIAREEA R VIZRREA . BCE AT, wtn ik
2 I 2% B ASLAEL I L I, 7S Wi A R AR B 3 7
2 S SR TR R A SE A L Z A RUE, ELRIR 22/ N T AL
FEfH.

(4) Forg 22 I 25K HE

SE SR 22 28 BV ZR IS i AU SR A X [ 2804 2 i
PRI F R S bR 22 . AN AE SRAT 5K E 205K, i
0 2 1] A ok R TR B AL Aot P s AL i A A 5, 7 0 2
BN 46 5% ki A e U 5 5 B

BT REARCR R A SRR IS A A D ik
FEAS  $2 08 B3R DT ol A B RO T — (LA B . R B AE
AR U P A A S B A R AL T
B 23 L 1 Ay i o] kAt b 2 () 2 AR 7
Matlab 42 [i] e 22 [0 26 T HARSCBURS_F 3 N T2 k2%
AN EL, A IS S U ZRar i 22 M 25 25
FRRISER IR S

M5 AT LU i, RBF 22 W) 28 045 fi 22 478 1l 12

"5 RBFHELMBIEHEER
Table 5 Estimation results of RBF neural network model
for Wy vs Wyro

g | T WIEE ) | s
SEBR{E/ WA
1 137.0 130.61 -6.39 -4.66
2 126.0 120.23 -5.77 -4.58
3 153.6 158.41 4.81 3.13
4 1222 123.68 1.48 121
5 120.5 113.71 -6.79 -5.64
6 117.7 122.85 5.15 438
7 1452 143.26 -1.94 -1.33
8 167.8 160.23 -7.57 -451
9 133.1 127.45 -5.65 -4.25
10 159.6 166.02 6.42 4.02
1 1212 126.91 5.71 4.71
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Research on Estimation Methods of Operational Empty Weight for Civil Aircraft

Cheng Jiangtao, Bai Lu, Yuan Changyun, Zhang Zheng
COMAC Beijing Aircraft Technology Research Institute,, Beijing 102211, China

Abstract: The operational empty weight (OEW) is one of the most important parameters in the aircraft conceptual
design, and its relative size directly reflects the design efficiency of the aircraft, which represents the advanced nature
of the aircraft in terms of material application, structural design, system architecture and so on. This paper studies
several commonly used methods for estimating operational empty weight at present, then the applicability of
traditional linear fitting methods and nonlinear fitting methods in practical applications is analyzed and compared by
estimating the OEW for the wide-body aircraft as an example. On this basis, considering the small number of aircraft
samples, less design parameter data and the advantages of the neural network method, a new estimating model of
the operational empty weight for large aircraft is established based on RBF neural networks and applied to the aircraft
weight estimation, the results show that the new method greatly improves the estimation accuracy and has direct
reference for the estimation of operational empty weight in the conceptual design stage of civil aircraft.

Key Words: operational empty weight; civil airplane; estimation methods; linear fitting; non-linear fitting; RBF
neural network
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