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Approximation Method for Calculating the Wing Load
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Abstract: An approximation method is presented for calculating the wing load envelope so as to size the wing box
in wing strength primary design phase, It is found that the triangle weight load distribution is better than other
distributions in simulating the wing weight, Furthermore, the characteristics of the critical over loads and cen-
tralized loads for large civil aircrafts are considered. An approximation method for calculating the wing load en-
velope of bending moment and shear force in flight is proposed by combining the Schrenk lift distribution and tri-

angle weight distribution. The proposed method is verified by wind tunnel test data of wing shear forces and

bending moments,
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Fig. 2 Schematic diagram of shear integral
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Fig.3 Schematic diagram of moment integral

Xty #EGRYEAR RN BB HET
BB BM @, B« R vy BRI B EME R WAL »
REIBHEBM (.

Schrenk F+ 710 i KBRS T EA

B, = LW + W1 — Ddy
=%[BME(;:) + BM, (5] 8
BM.(2) =J;/2We(y— Hdy

_(f My o 2t
_Jb/z 14/ 1 ( ) (y—Ddy

_4AM, T
wh

./1— - —byarcsm by>}

=—l{—3nbt+2|:(bz +26) .

A1 +3btarcs1n )} } €))

(b2+6ty—4y)

/2

BM, (5 =j;2Wt( W (y—pdy

[ M Ty (2 - B
_L/z <1+,1>b[1+(b)<a 1)}(3/ Ddy
2

bty — 7' A—1D +
_ M, T
2
621+ 12(2&—5—2;)

b/2

M oy
“raso’
(b+2:A—1) +28] (10)

A BM. (0 F1 BM, ()43 5 e %t 1/4 168 Tt 1 45
ABET M HETBERSEEE .

3 MEEES®ITH

AT, BBV E S ERERURE
TEELHTERAMITE, HERH RS 10
B 4B

200

x =R
160F - * FH RN

2.0X10"

1.5X10°

0 50%X10° 1.0Xx 10"
J& [ AL ARy/mm

B4 BWENEEBRE SR

Fig.4 Discrete mass distribution of two different wings
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Fig.5 Curves of tail-hanging aircraft wing weight shear
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Fig. 6 Curves of tail-hanging aircraft wing weight moment
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Fig.7 Curves of wing-hanging aircraft wing weight shear
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Fig. 8 Curves of wing-hanging aircraft wing weight moment
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Fig. 9 Schematic diagram of wing loads
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Fig. 10 Curves of tail-hanging aircraft wing shear

envelope and moment enveolpe
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Fig. 11 Curves of wing-hanging aircraft wing shear

envelope and moment envelope

ME 11 AUES, BT RER5ABER
{H HBHRE , TE R BIHLER LR Bt T & E B XL
BEMHEm, EHELSKBRERE . B
I, B R R LU B E B LR PLE H
H&.

6 % it

(D MwF RN EEBER ™A M
THEBGHR, FHAERBBEIEH=AEELH
H M = b 5k R i i S B R B

(2) i Schrenk A/ . =ML EE S /H M
EPRBERTSE S CIINEBARBIFR T 5
RPLED B ST GLIEL TR .

(3) LB ELS R R B RS B LR
B EEGL (M LT ARSI T A TR
ORI BT R RS E LT R R AR ES .
BB LK.

(4 ARSI 5 Bl B T80 23 B B
MEZHHRACLELHTEMBEESEHSERIT.

S5 30
[1] %% REARRACHFLZRAMHFEID]. L b
WK FRRAW S EEEH, 2008.



246 METEAR

B4

Zhang Hui. Development strategy research on big aircraft in
civil aviation industry of China[D]. Shanghai: Antai College
of Economics & Management, Shanghai Jiao Tong Universi-
ty, 2008. (in Chinese)

[2] KEMH. KRENSBEEAERANRRLIL PEIENZE,
2009, 11(5): 4-17.

Zhang Yanzhong. The development of aerodynamics & con-
figuration technology for large aircraft[J]. Engineering Sci-
ence, 2009, 11(5): 4-17. (in Chinese)

[3] Hirokazu Miura, Mark D Moore. Analytical fuselage and
wing weight estimation of transport aircraft[ R]. NASA
Technical Memorandum 110392, 1996.

(4] BIT, EMF, KR FINBRERGBENATNRESR

BRI, HEHE, 2011, 28(5) . 97-102.
Chen Jiangning, Wang Heping, Zhang Yi. Studies on adap-
tive genetic algorithm applied to wing weight calculation for
civil airplanes[J]. Computer Simulation, 2011, 28(5): 97-
102. (in Chinese)

(5] =R, B#, XNl AARAZNWECERARE &
0J1. fiZs2e4R, 2009, 30(4): 649-653.

Li Chenggong, Cheng Jing, Liu Peiging. Take-off weight
calculation method for civil airplanes[J]. Acta Aeronautica et
Astronautica Sinica, 2009, 30(4): 649-653. (in Chinese)

[6] McCormick B W. Aerodynamics, Aeronautics, and Flight
MechanicsT M]. USA: John Wiley & Sons, Inc. , 1979.

[7] XBzR, AR, %, . ETEWRENKBELNRE
RERMAE] eHLRT, 2006(2): 1-7.
Deng Yangchen, Cai Weimin, Han Dong, et al. Structure
weight evaluation of a high-aspect-ratio wing based on struc-
ture optimization[ J]. Aircraft Design, 2006 (2): 1-7. (in
Chinese)

(8] R#KME, WTE, Komarov V A, MLERRIEHLEHKEE
EELT]. JERBE TR, 2008, 28(1): 19-23.
Wu Yanxuan, Fan Ningjun, Komarov V A. Mass evaluation
for load carrying structures of aircraft Wing[J]. Transac-
tions of Beijing Institute of Technology, 2008, 28(1): 19-
23. (in Chinese)

EEE -

A #H(1982—), B ML, TR, EBEFMET A RET
MR,

B 1985 —), B, Mt TRIM. EEMHEF M. NEEIT
MR,

(%D F)

(E#SE 240 )

PRAEE B AT . 3 A 5 B & e E Mk Al 4E A5 4 50
MESTHE.ELETEILBET, ESFHERAMH
=HE/NMEERNEL.

B 3k

(1] THE, T4, FIE ARNEZELERENRRESNA
[J]. mizsPbgdER, 2006(4): 18-22.
Ding Lijun, Ding Haisheng, Yin Lijun. Develpment and ap-
plication of modern tow target system[J]. Aeronautical Sci-
ence and Technology, 2006(4);: 18-22. (in Chinese)

(2] Er4, Wk STWI ZREHEXNBITSHE0]. «
B, 1995(2): 53-55.
Wang Jianhua, Shi Renlong. Design and manufacture of
STW1 more purpose tow target[J]. Aircraft Design, 1995
(2): 53-55. (in Chinese)

(3] E&=, Pu%, HEE. XRERRAWHDI]. ERM
ERHRKFER, 2002, 34(1): 97-100.
Wang Shaoyun, Deng Kexu, Feng Guibao. Development of
tow target system [J]. Journal of Nanjing University of
Aeronautics & Astronautics, 2002, 34 (1): 97-100. (in
Chinese)

[4] Johnny E, Andrew S. Dynamic simulation of low altitude
aerial tow systems[C]. AIAA-2004-4813, 2004.

(5] 3R, {MER. REMZ RN EETFEMIIERMA
[J]. BEMEHIRKEE], 2008(4) ; 456-459.
Zhang Hong, Yu Xiongqing. Conceptual design and aerody-

namic optimization of tow target[J]. Journal of Nanjing U-
niversity of Aeronautics & Astronautics, 2008 (4): 456-
459. (in Chinese)

[6] ZEttak, MRE, BEE. BRSREBHEETH WTEHR

ZRITSEARI] IHENWE S EH, 2009, 17(9):
1777-1779.
Li Shiqiu, Zheng Chengjun, Tao Degui. Design and realiza-
tion of height keeping control system of low-level sea-ski-
ming tow target[J]. Computer Measurement & Control,
2009, 17(9): 1777-1779. (in Chinese)

(7] E2Z. ZELRERBSEINRRBE R &K
ERE ST, 2006, 21(3): 371-374.

Wang Shaoyun. Data analysis of static simulating of altitude
measuring using radio altimeter[J]. Journal of Data Acqui-
sition & Processing, 2006, 21(3): 371-374. (in Chinese)

EEE -

WIBA964—), L. AR . EEHAT M. LITHE
FEIT RITR SRR SRR .

W OB(1983 ), B ML, TR, XBRMAFEN. WITH

Bt =S
WaIsE(1980—), B, WML, TRIM. REMFEFE. CFE
AT EM WER R IR

3986, B, BB TEIM., RBEMATM. T
;BT TR,

(%4 B Hig)





