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ABSTRACT: The work aims to construct the calculation model of gust response of single wing with high aspect ratio of civil
aircraft, and calculate the random load of continuous gust according to the power spectral density function of atmospheric tur-
bulence specified by CCAR25, so as to simulate the continuous gust response in time domain. The common time domain nu-
merical simulation methods of power spectral density function were compared and random phase was directly assigned to spec-
trum. The gust time domain excitation equivalent to the power spectral density function used in the random calculation of con-
tinuous gust was obtained by inverse fourier transform to carry out discrete gust load analysis and compare the continuous gust
response calculation results. The results indicated that based on the equivalence of power spectral density function, the method
of constructing time domain gust excitation by random phase was fast and effective, which could visually display the time do-
main of load response under random gust excitation and facilitate nonlinear analysis in time domain. Comparing the bending
moment, shear force and torque of the wing, the deviation between the bending, shearing and torsional loads obtained by dis-
crete gust load analysis and those obtained by continuous gust load analysis was less than 3%.
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Fig.1  Structure model of single wing
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Fig.2 Aerodynamic model of single wing
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Fig.4 Gust velocity time domain excitation
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Tab.l1 Root mean square value of swing in continuous gust
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Fig.5 Time domain response of bending moment,
shearing force, torque at middle part of the wing:
a) bending moment, b) shearing force, c) torque
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Tab.2 Root mean square value and difference
in discrete gust wing

B A 2 Ay HAE 257/ %
5/ (N - m) 3.82 x 10* -1.04
35 73/N 9.20 x 10° 2.22
I/ (N -m) 3.48 x 10° 0.27

2 WORBHLEE T o3 AT 45 2 1) 2 5 1 8 A
{15 72 21 58 KUk o7 40 A A5 280 04 25 5 FH 28y {8 19 fht 22
ANt 3%,

S S, TEURIE R R sRESERL LA L,
FH BEHLAH AV ) 3 s 5k 2 RGN 19 7 i EREE A 2, RE
Wk, 5 78 BE ML 2 XUl ) It el 155 0, {8 T R A T AR ek
53T

3 #Hit

1) 25 Hh — T TR b S A 20 7 I 3008 2 R e

A SERO S AR Tk, T T A 2R XU JE I Jelaf
AR 5 AR v

2 ) JE I B AELADL ES E 2E  KU B 5 B R X
AT FR AR R B RO KA AT 23 A A 2 B 25 B
TH 20 (5 3 252 5 AT 20 A 7 31 19 25 5 4 807 (L
i 22 A I 3%

3 ) I UL i £ 5 XL 5 XL B 3R 4 R B A A
SR A, AT AR 1 LRI A
AL EA L, Tovk g5 WA A I JCF- i 280
HICHE FE 5 IBAR LN s BBUR X 45 LA
I N, ] — I 2, LA, (E B AR
FIA R

SE R

(17 BRI, RAER, . L LI A sh i

ST 1. dE B0 A A R K & 22 4], 2003, 29(12):
1087-1090.
XIE Chang-chuan, WU Zhi-gang, YANG Chao. Aeroelas-
tic Analysis of Flexible Large Aspect Ratio Wing[J].
Journal of Beijing University of Aeronautics and Astro-
nautics, 2003, 29(12): 1087-1090.

21 By, SR, KK HET CFD LIS KU
TR WiES2AR, 2011, 32(5): 785-791.

GU Ning, LU Zhi-liang, ZHANG lJia-qi, et al. CFD-based
Analysis for Gust Response of Aircraft Wing[J]. Acta
Aecronautica Et Astronautica Sinica, 2011, 32(5): 785-791.

[3] FAA AC 25. 341-1 Dynamic Gust Loads[S].

[4]  hEEAES I 25 3 CCAR-25 [S).

China Civil Aviation Regulations Part25 CCAR-25 [S].

(51  fEih, Bl SEAURULIE M XU B AU BRI ]. =5
K 124244, 2007, 25(4): 531-536.

ZHAN Hao, QIAN Wei-qi. Numerical Simulation of Gust
Response for Airfoil and Wing[J]. Acta Aerodynamica
Sinica, 2007, 25(4): 531-536.

(YA 0 77y I s R K A B g e e

ForHr]. AEEME IR RS 224, 2012, 38(10): 1321
- 1325.
YAN De, YANG Chao, XIAO Zhi-peng. Balanced Ex-
ternal Gust Loads Computation and Analysis for Elastic
Aircraft[J]. Journal of Beijing University of Aeronautics
and Astronautics, 2012, 38 (10): 1321-1325.

(71 fi, B SPERLIE R K B E TR E D). i
BRI, 2009, 26(2): 270-275.

ZHAN H, QIAN W Q. Numerical Simulation on Gust
Response of Elastic Wing[J]. Chinese Journal of Compu-
tational Mechanics, 2009, 26(2): 270-275.

(8] RGN, k. ko 2 S B AR K L)), b
SR KR, 2007, 33(2): 136-140.

WU Zhi-gang, YANG Chao. Continuous and Discrete
Gust Responses of Elastic Missiles[J]. Journal of Beijing



F178% H£oW

pURESEEE

225 PAATUE ] 38 R 114 I S S A A 12 .25 -

(10]

[12]

[14]

University of Aeronautics and Astronautics, 2007, 33(2):
136-140.

WRkHs, EFAR RHLIE S XA 535 vk 0 F
X1, KAT 1%, 2008, 26(4): 65-68.

YANG Qiu-yan, WANG Yu-lin. Research and Applica-
tion of the Continuous Gust Loads Analysis Method for
Aircraft[J]. Flight Dynamics, 2008, 26(4): 65-68.

G, MRz, BEspl. E IEX  E E 2 25 0 2
T AREI A3 AT [J]. Mz R2EHoR, 2015, 26(9): 14-18
JING Zhi-wei, XIAO Qi-zhi, HOU Zong-tuan. Influence
of Regulation’s Modification on Continuous Turbulence
Loads of Vertical Tail[J]. Aeronautical Science & Tech-
nology, 2015, 26(9): 14-18.

NOBACK R. Comparison of Discrete and Continuous
Gust Methods for Airplane Design Loads Determina-
tion[J]. Journal of Aircraft, 1986, 23(3): 226-231.
KARPEL M, SHOUSTERMAN A. Combined Frequency
and Time-domain Solutions for Aeroservoelastic Re-
sponse with Nonlinearities [C]//Proceedings of the Inter-
national Forum on Aeroelasticity and Structural Dynam-
ics. Bristol: [s. n], 2013.

KARPEL M, PRESENT E, ANGUITA L, et al. Gust
Loads on Transport Aircraft with Nonlinear Control Sys-
tem[C]//48th Israel Annual Conference on Aerospace
Sciences. Technion. Haifa: [s. n], 2008.

TEUFEL P, KRUSE M. Efficient Method for Coupling
Discrete Gust Loads Analysis in the Frequency Domain
with a Fully Non-Linear Flight Control System Simula-

tion [C]/Proceedings of the International Forum of

[15]

[16]

[17]

Aeroelasticity and Structural Dynamics, Stockholm: [s.
n], 2007.

WRAR, BB BREEIUE AR L AR Y R A
[7]. VHRESCHE K2E244R, 1999, 34 (2): 138- 142,

CHEN Guo, ZHAI Wan-ming. Numerical Simulation of
the Stochastic Process of Railway Track Irregularities[J].
Journal of Southwest Jiaotong University, 1999, 34(2):
138-142.

YOSHIMURA T. A Semi-active Suspension of Passenger
Cars Using Fuzzy Reasoning and the Field Testing[J]. In-
ternational Journal of Vehicle Design, 1998, 19(2): 151-
166.

BRHE, WAL, ST ARRRAS BT T R
5 ¥y SR B A 15 O ELOTAT[T]. LA R4 4, 2017,
53(10): 100-107.

MIAO Bing-rong, TAN Shi-fa, WU Ping-bo, et al. Re-
search of Typical Fatigue Load Spectrum Simulation of
Carbody Structure Based on Non-stationary Aerodynamic
Load Journal of Mechanical Engineering [J]. 2017,
53(10): 100-107.

NEWLAND D E. Random Vibrations and Spectral Analy-
sisfM]. London: Longman, 1985.

WRAE, 2%, BASes A5, BT Ik i iz 4R T X
s S JTWEBLIMT[T]. SREE SR, 2018, 40(4): 22-26.

YANG Hu-jun, AN Jun, ZHAO Mei-ying, et al. The
Analysis of Launch Vehicle Structural Dynamics under-
ground Wind Load based on Time-domain Method[J].
Structure & Environment Engineering, 2018, 40(4):
22-26.



