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Research progress analysis on risk assessment of runway excursion

ZHAO Dingyi', QI Xinge', WANG Lei’
(1. College of Safety Science and Engineering, Civil Aviation University of China, Tianjin 300300, China)
(2. Graduate School, Civil Aviation University of China, Tianjin 300300, China)

Abstract: Runway excursion ranks second among the most catastrophic symptoms. Research on the risk assessment
of runway excursion has been done by domestic and international civil aviation research institutes, specialists, and
academics in an effort to lessen both its likelihood and its effects. Several important contributing variables have been
the subject of recent study, including unfavorable weather circumstances, runway surface conditions, pilot mis-
takes, and mechanical issues. These issues can be resolved by improving runway maintenance and improving pilot
training. In this paper, the accomplishments and flaws are compiled by looking at the current designs of both domes-
tic and international experts on the runway excursion occurrences. The techniques for predicting and analyzing the
danger of a runway excursion are described, and suggestions for more research are made for future study.
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Research progress on online monitoring technology of wear

particles in aviation lubricating oil
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Abstract: Due to the wear particles in lubricating oil contain important information about the wear of aircraft engine

components, the wear particle monitoring is an effective method for judging the health status of aircraft engines and

providing early fault warning. Online monitoring technology can provide real-time equipment status information.

The online monitoring technology of aviation lubricating oil abrasive particles has made certain progress, but there

is still a certain gap from meeting the practical needs of aviation engine health monitoring. The current online moni-

toring technologies for lubricating oil and abrasive particles is introduced, including capacitance method, resistance

method , magnetic induction method, optical method and acoustic method. The monitoring principles, research re-

sults,

advantages and disadvantages of each technology are discussed, the application status of the five monitoring

technologies are analyzed, and the future development trend of lubricating oil and abrasive particle online monitor-

ing technology are pointed out in the aspects of high sensitivity, stability, integration and intelligence.

Key words: oil condition monitoring; wear debris; online sensor; aircraft engine
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Optimization for overall parameters of STOL aircraft with

distributed electric propulsion
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Abstract: The short takeoff and landing (STOL) aircraft using distributed electric propulsion is a novel concept,

for which the design method of its overall parameters needs to be explored. Taking the conventional turboprop air-

craft retrofitted with distributed electric propellers as an illustrative aircraft, the design problem of the aircraft over-

all parameters is formulated as an optimization problem, and then the design optimization process for the overall air-

craft parameters 1s presented using the optimization method with surrogate model. The results show that, after opti-

mization for the overall parameters of the illustrative aircraft concept, the requirements for the ground roll distance

during takeoff and landing can be met at the minimum weight penalty. The ground roll distance during takeoff is less

than 100 m, the ground roll distance during landing is less than 70 m. The optimal results also indicate that the dis-

tributed propellers are installed beneath the wing at a certain angle of inclination with moderate rotation speed and

diameter, the wing area 1s increased slightly and required power for the turboprop engine is reduced significantly.
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Fig. 1 Aircraft concept for STOL using DEP
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Table 1 Initial values of main parameters of the

conceptual design
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Table 2 Design variables and their value ranges
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Fig. 3 Definition of position parameters of

distributed electric propeller
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Fig. 10  Aircraft configuration after optimization
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based on orthogonal experiment
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Abstract: Rotor is an important part of hybrid configuration unmanned aerial vehicle (UAV). It is of great signifi-

cance to investigate the influence criteria of rotor positions on aerodynamic characteristics of UAV. The aerodyna—

mic characteristics of a typical hybrid configuration UAV is analyzed by numerical method. Taking the lift-to-drag

ratio and longitudinal static stability as the optimization objectives, a three—factor four-level orthogonal experimen-

al of the chord-wise, span—wise and vertical positions of the rotor is designed. The effects of three factors of rotor

position are analyzed by means of intuitive analysis and computational analysis. The results show that the maximum

lift-to—drag ratio of the optimized design parameter combination obtained by the orthogonal test design result is

about 2 times larger than that of the initial design parameter combination, and the slope of the pitch moment coeffi-

cient curve is increased by about 15%. For present configuration, the effect factors on the lift-to-drag ratio and the

slope of the pitch moment coefficient curve are in a descending order as follows: chord-wise, span-wise and verti-

cal positions.
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namic characteristics
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Table 5 Scheme and results of orthogonal experiment

HECRES e/ % A/ % A/ mm
1 43 22.70 0
2 74 27.30 10
3 100 30.00 15
4 120 33.00 20

fe s JRmA AL TR %Ihlﬁﬂéﬁﬁ
/% ®/%  ®/mm  C/C, dCyy/da
1 43 22.70 15 2.71 —0.0018
2 43 27.30 20 3.58 —0.0017
3 43 30.00 0 4.98 —0.0016
4 43 33.00 10 5.05 —0.001 4
5 74 22.70 20 2.95 —0.0037
6 74 27.30 15 2.77 —0.003 4
7 74 30.00 10 2.52 —0.0032
8 74 33.00 0 2.67 —0.0031
9 100 22.70 0 8.79 —0.0035
10 100 27.30 10 9.08 —0.003 5
11 100 30. 00 15 10.73 —0.0038
12 100 33.00 20 9.03 —0.003 6
13 120 22.70 10 10. 03 —0.003 4
14 120 27.30 0 9.63 —0.003 2
15 120 30. 00 20 9.46 —0.0030
16 120 33.00 15 9.52 —0.0029
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Table 7 Airframe half-mode area of four
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Table 8 The level combination obtained by single

objective optimization
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Fig.9 Comparison of acrodynamic characteristics Curves
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The sensitivity analysis of coupling parameters between all-day

cruise altitude and wing load of solar-powered aircraft

QIU Fusheng, DONG Yihang, DU Yiming
(College of Aerospace Engineering, Shenyang Aerospace University, Shenyang 110136, China)

Abstract: Compared to conventional powered aircraft, the solar-powered UAV have characteristics of high-

altitude and long—endurance, which can modular change up the task payloads and carry out related special tasks.

Based on the working principle of long endurance solar-powered aircraft, the coupling relationship between the

all-day cruising altitude and wing load of solar-powered aircraft under the energy balance design system is analyzed.

The coupling parameters, including aerodynamic parameters, solar panels efficiency and paving rate, propulsion

system efficiency and load power factor, flight season and flight latitude, are systematically analyzed for sensitivity.

The results indicate that the design or optimization of appropriate lift and drag coefficients should be the first consi—

deration for long endurance solar-powered aircraft to achieve best aerodynamic efficiency. When the efficiency of

solar panels reaches 0.35 or above, increasing the installation rate of solar panels has a weaker impact on the all-day

cruising altitude, but it helps to increase the upper limit of wing load.

Key words: solar-powered aircraft; energy balance; cruising altitude; wing load; coupling; sensitivity analysis
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Table 1 The types and performance parameters of

solar panels for typical solar-powered aircraft
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Table 2 Parameters of solar-powered UAV
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A novel aircraft maneuver division and recognition method based on

2D flight path and perceptually important point of time sequence

YIN Zhiping', HUANG Yongsheng', TIAN Jiawei’, CAO Shancheng’
(1. School of Civil Aviation, Northwestern Polytechnical University, Xi’an 710072, China)
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Abstract: Aircraft maneuver recognition is an important basis for flight action evaluation, flight load spectrum re-
search, flight simulation and other research work. Aiming at overcoming the disadvantage that most of the existing
maneuvers are based on the existing standard actions, combined with the important points of the time sequence, an
adaptive maneuver recognition method based on horizontal and vertical plane flight trajectory projection merging is
proposed. This method extracts the maneuvers in the flight data according to the trend of the two—-dimensional plane
trajectory data and combines and refines the maneuvers with the idea of maneuvers splicing. A maneuver recogni-
tion case study is carried out with complete aircraft takeoff and landing data. The results show that the proposed
method can enhance the recognition efficiency of flight maneuvers, and improve the division efficiency.
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Fig. 5 Division and combination of flight maneuvers
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Table 1 Parameter setting of horizontal trend identification
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Table 2 Parameter setting of vertiacal trend identification
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Table 3 A combination of flight maneuvers

K- i F i o TR B IE3
FH FH K
1 1 TE et
- T T
ik Tt B -t
25 iy R AN bR

T R ) B e v B TR A BIL 3 3 A
*ﬂﬁ%%ﬂ%?i,%ﬁuu?%ﬂ O R ) R R
BB o, w e U B YOk Bl R B2 R

Jo B L TR S PR ], %Xiiﬁﬁl‘ﬂ{ﬁjh
T B S AL sh AT B o B s HOR iR e
ﬁ@EM%H‘TZU%ﬂéMT%ﬁzﬁM’E,HZE%E)%
B BT, O 2 ok 2 B B v (]
BLBl CAT B 48 o5 o AR s B AT DL i
B S & bl Bk — %kﬂ%tﬂi{ﬁﬁ/ﬁﬂ@& Xl 4y 25
RWE 7R

o : T
W e : Eﬁ Er

I~

s 20 25 30 35
RAERAE10°
K7 g L8 shF 5 4 55 Bt o

Fig.7 Flight maneuver and mission section division
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Table 4 A summary of flight maneuver division
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Table 5 A comparison of flight maneuver identification
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Table 6 Accuracy of flight maneuver recognition
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Table 1 The model parameters of quadrotor

it G/kg 1.3

T F 5 B BE RS 6/m 0.26
T+ HFHC,/[N-(min-r )?] 8.13x 107
A FREC,/[N-m+ (min-r )] 3.8X10°°
SR T,/ (kgem®) 1.70 X 10" *
A a T,/ (kg-m®) 1.70 X 10 *
S T/ (kg m?) 3.17 X 10 *

o R o e R i Dk 11 B ) BN 7 Rl A NS 4
THIY & FE T P AR A% A RO B
R 22 48 1 AN 1 RN AR 5B 1 430l oy

0. 02sing
AF(xy,2,)=| 0. 02sind
0. 02sing
0. 5cos(1. 267+ 45°)
0. 3sin(1. 2+ 30%)
0. 2cos(1. 5+ 607)
DU e B R AT e R Y RS A R
¢, [5sin(0.60)
y.=| 0,|=| 4sin(0.3¢) (37)
ba 3sin(0.4z)

VU i B AT A% 1Y S AR R I R A R

(0)=[0,0,0]",2,(0)=[0,0,0]' . RBFNN £
5] /E'T):'W FUBCR 77 X7 T R R PG R
A 1] T8 ¢ FI i i R B BE B @, 43 ok

(36)

d(t)=

—3,-2,-1,0,1,2,3

c=[—3,-2,-1,0,1,2,3
—3,-2-10123

4=0.2  (j=1,2,,7)
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Abstract: As a passive flow control technology, airfoil slotting has the characteristics of simple structure and high
efficiency in improving stall. CED method is used to study the slotting of GAW-1 two-element airfoil to explore
the influence of slot parameters on the aerodynamic characteristics of multi—element airfoil. Nine kinds of slot config-
urations are designed, and the geometric relations among three types of slot configurations, namely straight line,
curve and deflector, are given, and a curved trapezoidal slot configuration is proposed. The influence of the deflec-
tor slot configuration on the aerodynamic characteristics of the airfoil is studied. The results show that the slot posi-
tion is the key factor to restrain the stall development of airfoil, and the optimal slot position of curved trapezoidal
slot configuration is 13.5%c. The slot has the strongest ability to restrain stall, the stall angle of attack of airfoil is
delayed by 7°, and the maximum lift coefficient is increased by 19.5% , reaching 3.89. The deflector slot configura-
tion can not only weaken the damage of the slot to the aerodynamic characteristics at a small angle of attack, but al-
so slow down the stall development and improve the stall characteristics of the airfoil.
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The key technologies of tiltrotor pylon conversion actuator
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Abstract: Tiltrotor which combines the advantages of helicopters and fixed wing aircraft, is a key direction for fu-
ture aviation equipment development. The key component of tiltrotor-pylon conversion actuator is focused. In this
paper, the tilting actuation principle of tiltrotor is introduced, the advantages and disadvantages of V-22 and
BAG609 pylon conversion actuator configurations are analyzed and compared. The key technologies of pylon conver-
sion actuator of tiltrotor are analyzed, including power summing technology, double-layer telescopic ball screw
technology, ball screw end shock damper technology. The power summing technology can realize double—system
synthesis by speed summing or force summing, which is the key to improve the reliability of pylon conversion actua-
tor. Double-layer telescopic ball screw can effectively shorten the volume after the actuator is retracted, reduce the
space on the aircraft nacelle, and greatly improve the safety of the actuator. Shock damper is a means to effectively
restrain the impact caused by the screw end collision, which is very suitable for linear output mechanism such as
ball screw.
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Analysis of spin-up and spring back loads of landing

gear based on slip rate

WU Ming, NIE Hong, ZHANG Ming, SHI Xiazheng
(Key Laboratory of Fundamental Science for National Defense-Advanced Design Technology of Flight
Vehicle, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The landing gear spin—up and spring back loads are the important part of the aircraft landing load. In order
to effectively analyze the spin—up and spring back loads of the landing gear in the preliminary design stage, the two—
wheel strut landing gear drop test dynamic model is established by using the nonlinear spring damping system at the
center of the landing gear axle to simulate the strut elasticity, and the spin—up and spring back loads and its corre-
sponding slip rate under the landing gear drop test of wheel reversal and actual aircraft landing are analyzed. The ef-
fects of aircraft heading velocity, runway slip rate curve and wheel pre-rotation angular velocity on landing gear
spin—up and spring back loads are analyzed. The results show that the landing gear drop test simulation results of
wheel reversal and actual aircraft landing are similar and consistent; reducing the heading velocity of the aircraft,
giving the wheel pre—rotation angular velocity and reducing the friction coefficient between the tire and the ground
can reduce the spin—up loads.
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Table 4 Different velocity drop test simulation result
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Design and implementation of a spliced tilting dual rotor and its
LADRC flight control

LLIU Kun, XU Jinfa

(National Key Laboratory of Rotorcralt Aeromechanics, Nanjing University of

Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The configuration characteristics of multi rotor unmanned aerial vehicles determine that they are difficult

to adapt to complex flight missions. To meet different mission requirements, combining and assembling specific

configuration aircraft should be a feasible development direction. Before and after assembly, various flight character-

istics of the aircraft change to varying degrees, and the impact of external disturbances also varies, posing great

challenges to the design and verification of flight control systems. This article designs a spliced tilted twin rotor air-

craft and establishes its flight dynamics model. Based on this, the control strategy of the pre and post assembly air-

craft and the position and attitude controllers based on linear active disturbance rejection control (LADRC) are de-

signed, and the simulation verification of aircraft control in gust interference environments is completed. Compared

with traditional PID controllers, the superiority of LADRC has been verified. Finally, a real aircraft attitude stabili-

ty control verification is conducted, and the research results show that the spliced tilt-rotor dual rotor aircraft and its

linear active disturbance rejection controller had strong anti-interference and robustness. The aircraft had good

flight control effects before and after assembly.
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Abstract: The positioning accuracy of guidance system is the key factor of automatic carrier landing system to deter-
mine the success or failure of the carrier landing. The airborne equipment visual guidance architecture of carrier—
based aircraft is proposed, and the positioning principles, measurement errors and effects on automatic carrier land-
ing of airborne visual guidance architecture are investigated. The coplanar P4P relative positioning issue by means
of cooperative landing aids is studied. Considering F/A-18A carrier-based aircraft automatic landing task, the sim-
ulated positioning measurement accuracy of airborne visual guidance from gliding to touchdown are estimated. The
disturbances of automatic carrier landing system delay, airborne sensor noises, air-wake and deck motion are intro-
duced, the multi-factor coupled simulation system is modeled, and the touchdown position standard errors are cal-
culated based on Monte—Carlo simulations influenced by the disturbances. The results show that the positioning ac-
curacy and automatic landing performance of the proposed airborne visual guidance architecture can achieve the per-
formance of traditional guidance architectures. The deck motion and air-wake play important roles in automatic car-
rier landing performance.
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Fig.2 Three-axis positioning errors of

visual guidance carrier landing
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Table 2 Angle measurement errors of visual

guidance carrier landing
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Research on prediction of turning deformation of domestic 7050

aluminum alloy thin-wall bearing frame
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Abstract: Researching the deformation prediction of domestic 7050 aluminum alloy aviation thin—walled parts dur-
ing turning processing and establishing an accurate finite element model for predicting turning deformation are of
great significance for ensuring the machining precision and dimensional stability of aviation thin-walled parts, as
well as improving the structural strength and reliability of aircraft. This thesis employs simulation and experimental
demonstration methods to study the influence of the coupling effect between the initial residual stress of domestic
7050 aluminum alloy and the turning residual stress on the deformation of thin-walled bearing frames during pro-
cessing. Firstly, based on the machining process of aviation thin-walled bearing frames, a turning deformation sim-
ulation model of the bearing frame is established using the birth and death element method. Next, the initial residual
stress field of the bearing frame blank and the turning surface residual stress are obtained through the blind hole
method and turning experiments, respectively. Finally, based on the turning deformation simulation model, the de-
formation of the bearing frame under the coupling effect of the initial residual stress field and turning residual stress
is predicted and experimentally verified. The results show that the error of the bearing frame deformation simulation
prediction model is less than 15%.
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Fig.1 Component assembly diagram
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Fig.2 Aecrospace thin-wall bearing frame
machining process schematic diagram
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Table 1 7050 aluminum alloy material
171

performance parameters"
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Fig.3 Schematic diagram of discretization and
layering of blank initial stress field
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Fig. 6 Stress fields in initial residual stress
simulations for mapping purposes

N J/MPa
+9.74e+00
+8.51e+00
+7.28¢+00
+6.04¢+00
+4.81e+00
+3.58¢+00
+2.34¢+00
+1.11e-+00
—1.23¢—01
—1.36e-+00
—2.59¢-+00
—3.82¢+00
—5.05¢+00

y

A

z X

K7 A% ST AR BRI 0
Fig. 7 Stress field after mapping of grid cell information
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Fig.8 Domestic 7050 aluminum alloy forging rough
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Fig. 9 Distribution of initial residual stresses in
domestic 7050 aluminum alloy forging blanks
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Table 2 Domestic 7050 aluminum alloy
cylindrical bar material mass fraction

% JB i % % JB i %
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Fig. 11 Experimental tools
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Table 3 Tool related geometric parameters

24 EAE] ZH EACEN
Hi /) 20 s /() 35
Jaf/ (%) 7 JIRA4E /mm 0.4

1€ BJ HK63 kb =0 50 4 R 647 42 ) S2 56, ik
FH 55 78 3 HE 25 40 i T80 3 4 4 A0 TR /0 4 1 S 8L,
W4 R o 78455 i 72 oh R B B9 48 e 1, 38
JEORS B pg o T4, i 12 o .
R4 EWBH

Table 4 Turning parameters

S8 Hfl
FHhEEH/ (remin ) 292
#EZ45 54 % /(mm-min~ ") 2.4
YI%/mm 0.2
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Fig. 12 Turning experiment
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Fig. 13 Residual stress test of domestic 7050
aluminum alloy thin-walled bearing frame
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Fig. 14 Measurement results of turning residual
stresses on bearing frame surfaces
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Fig. 15 Deformation of parts in the rough turning process
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Fig. 16  Deformation of parts in semi~finishing

large—end profile process

HT ) 46 5% 4% 1 g 51 RS Y g5 48 (A2 ] 4 i
FBCH 100) WK 17 s, /T VR - F 2 £
B A AR T 0 S, 5 1) PN WA S B KR ) R
oy 1,68 mm. R HEZAF LT X FR, I ok
T 1) ep P TR BR, B0 BR B AR N ) AR TR S T )

B AR AR N ) B 0 A AT AR R OG &R R
A NEZ VAR EEEZ N AN S AN RS
BHRY 25 Bk L 3370 ) Bl B, 9 ER I ) O A Al S
24 8 S 7 A ) AL WA B T

A2 I /mm

+7.76e—04 »
—1.39¢—01
—2.80e—01

—4.20e—01
- —5.60e—01
—7.00e—01
—8.40e—01
—9.80e—01
—1.12¢+00
—1.26¢+00
—1.40e+00
—1.54¢+00
—1.68¢+00

BI17 WA % A R 51 1 72 i A
Fig. 17 Radial deformation due to initial residual stress
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Research on aero-engine performance modeling based on general

simulation framework
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Abstract: At present, the in—depth application of aero—engine performance model in the field of test flight has be-

come a hot spot under the background of digital test flight, which is of great value and significance to the planning

and organization of test sites in the process of flight test, risk identification and analysis, and auxiliary analysis and

evaluation of test flight results. The performance model of a two—spool mixed flow turbofan engine is constructed

based on a general object-oriented simulation architecture. In order to improve the model prediction accuracy, a cor-

rection method of the characteristics of rotating components is proposed based on the common operation line. The

steady performance and transient performance of the model under different working conditions are solved, and the
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Abstract: In operation of civil aircraft, the maximum take—off weight is limited by the performance when one en-
gine fails, and it is of great significance to optimize take—off performance by executing different obstacle-surmoun—
ting methods to increase the maximum take—off weight. Based on the theoretical analysis of the take-off flight path
defined in the regulations, the take—off weight corresponding to the standard second segment, extended second seg-
ment, and fourth segment obstacle-surmounting method is calculated, and the key factors of maximum take—off
weight are analyzed. The obstacle-surmounting margin, climb gradient, and required take—off distance under diffe—
rent obstacle-surmounting methods are calculated. Different distances and gradients are combined to simulate
various terrain conditions, and the take—off weights of standard second segment and forth segment obstacle—
surmoun—ting mode in those terrain conditions are calculated. The results show that using of fourth segment
obstacle—surmounting method can effectively improve the maximum take—off weight of the aircraft in the plateau ter-
rain complex airport. And the larger the gradient of the obstacle is, the more significant the improvement is.
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Table 2 Obstacle data

A X A AR R I R S

B 55400 7

& IE# /m P B /m
1 65 2074.4
2 109 4618.6
3 139 5869.8
4 145 8073.8
5 171 8204.8
6 1200 75051.9
7 434 90 215.0
8 354 92 280.9
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Table 3 Take-off data of different obstacle—

surmounting modes
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Table 4 The obstacle-surmounting of different

obstacl-surmounting modes

A /m

BEAG 1 REAG 2 REAT 3 RBEAG 4 BEAG S RERG6

VN

trfE— B 24.78  81.73  98.22 171.43 10.79 215.22

FEf BE 15214 217.06 253.03 354.54 332.43 625.35

PUBGH . 21.07  59.45  71.54 137.18 114.22 259.51
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weight under different obstacle conditions
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Abstract: The aerodynamic integrity of aircraft can comprehensively characterize the aerodynamic mass characte—-
ristics of aircraft during service (combat) use. However, there is currently no index that can comprehensively
characterize the aerodynamic mass characteristics of aircraft. Therefore, the concept of aerodynamic integrity of
military aircraft is first proposed and studied: during the operational use of military aircraft, the aerodynamic
shape can be maintained intact, and the flight performance, quality, and control can meet and maintain the re-
quired attributes. The process and definition of the concept of aerodynamic integrity are introduced, and the basic
connotation and basic characteristics are discussed. It is believed that the aerodynamic integrity of military aircraft
is the basis of the combat effectiveness of aircraft. The characterization method of aircraft aerodynamic integrity is
introduced, and the main influencing factors of military aircraft aerodynamic integrity are analyzed. The new con-
cept of aerodynamic integrity of military aircraft is introduced aims to provide reference for the development of
military aircraft design, manufacturing, testing and support in China.
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Abstract: With the improvement of the digitization degree of the aircraft, a large amount of multi-source and he—
terogeneous data will be generated throughout the full life-cycle of an aircraft, which plays a crucial role in ensuring
its safety. This article reviews common types of data sources within the aircraft’s life-cycle, including initial airwor-
thiness design data, operational reliability data, operational maintenance data, and onboard equipment data. By
combining the data characteristics of different data source types, the article introduces measures for the fusion appli-
cation of multi—source heterogeneous data and provides a detailed analysis of the four stages that data fusion techno—
logy has undergone. On this basis, the fault diagnosis method of fusion data is introduced. Compared with the fault
diagnosis analysis of traditional single data source, it is concluded that the fusion application of multi-source hetero-
geneous data can analyze the fault causes more accurately, and play a role in assisting troubleshooting and maintain-
ability design, which is the development trend of data application technology in aircraft fault diagnosis.
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Abstract: The load prediction based on data used in aircraft plays an important role in the damage analysis and life
prediction of aircraft, which can provide the technical support for the active on—condition maintenance of aircraft.
The forward neural network of machine learning method is used to establish the load model of shear force, bending
moment and torque of the tail wing root of a large transport aircraft. The load calculated by finite element model is
compared. The prediction result of forward neural network is compared and analyzed with that of random forest
method and multivariate linear regression method. The results show that the prediction errors of the neural network
method can satisfy the engineering requirements. The prediction result of forward neural network is superior to that
of the random forest method and multivariate linear regression method, which can provide important technique sup-
port for aircraft structure damage analysis and life evaluation system based on data driven.
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Fig. 2 R’ and Ey,p of predictions of shear force for the
training function SGD and different numbers of neurons
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Fig.4 R’ and Ey,p of predictions of shear force for the
training function LBFGS and different numbers of neurons
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Table 1 R*and Ey,p of predictions of shear force for
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W SGD Adam LBFGS
M R Eyw/% R Eyw/% R Egyw/%
40 0.6576 46.60 0.4293 79.27 0.8455 3.19
50 0.6826 27.57 0.4813 79.45 0.8670 1.28
60 0.6283 30.35 0.4986 78.00 0.8706 2.28
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80 0.6238 24.74 0.5582 73.32 0.9558 1.40
90 0.6480 36.20 0.5456 75.71 0.9230 0.92
100 0.5926 25.47  0.5643 73.59 0.9093 1.37
110 0.7964 24.45 0.5940 71.84 0.9027 2.13
120 0.7887 32.59 0.5705 73.61 0.8902 0.82
130 0.6979 41.91 0.5607 74.58 0.8835 1.04
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Fig. 5 Training results of forward neural network and ran-

dom forest method and the fitting results of multivariate
linear regression method for shear force
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Fig. 8 Linear fitting results of the predictions of forward

neural network and the target values for shear force
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Fig. 12 Linear fitting of the predictions of forward neural
network and the target values for bending moment
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Linear fitting of the predictions of forward neural

network and the target values for torque
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Preliminary structural design method for modular wing
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Abstract: Aircraft modular design can increase the types of missions and reduce costs. In the initial stage of wing
modular structure design, the unclearness of wingtip deformation limits the ability to assess the contribution diffe—
rences of structural stiffness characteristics among wings with different spans to the system objective function (mini-
mal structural weight). Aiming at the above problems, the weight coefficients of each subsystem level in the sys-
tem level 1s introduced on the basis of the sensitivity coordinated optimization method to simulate the phenomenon
that different subsystems contribute differently to the objective function of the system in the actual design work, and
the computation methods of weight coefficients of the wing structures with different spreading lengths (different
subsystems levels) is given. The sensitivity coordinated optimization method with subsystem level weights is
formed. The preliminary structure design method of modular wing is verified by solving the modular truss and mo-
dular wing structure optimization example. The results show that the sensitivity-coordinated optimization method
that includes subsystem weights can obtain a modular wing preliminary structure that satisfies both strength require-
ments and a certain degree of stiffness.
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Fig.2 Basic calculation framework of sensitivity

coordination optimization method
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Table 1  Optimization results for modular truss structures (sequential quadratic planning algorithm )
3 A e 1 L/ mm”
Fik
FF1 3 ¥4 ¥ 5 FF 6
Mz 1 21.97 11.70 22.81 2.00 14.75 21. 64
L1 Wi M4t 2 21.73 11.13 22.94 2.00 13.56 19.27
M3 22.16 9.33 23.66 2.00 12.36 18.04
Hide 1 23.16 12.42 24.15 2.00 16.05 21.08
F AU B AL T 1 4 2 23.16 12.42 24.15 2.00 16.05 21.08
4 3 23.16 12.42 24.15 2.00 16.05 21.08
LR A/ mm”
DR Ji i /kg BTN/ % n#EE A2 Y /mm
7 8
Hide1 11.79 21.98 0.759
L 1) i M 2 13.69 21.05 0.747
i3 15.61 20.63 0.751
Mg 1 11.79 21.98 0.781 2.90 79.27
AP AT 12 M4t 2 13.69 21.05 0.801 7.23 86. 35
M4 3 15.61 20. 63 0.827 10.12 95.78
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Table 2 Optimization results for modular truss structures (sensitivity coordination optimization method )
i PR e i B/ mm?
Ik
1 2 3 4 5 6
Fijel 23.16 12.42 24.15 2.00 16.05 21.08
A IR AR AL T Mz 2 23.16 12.42 24.15 2.00 16.05 21.08
Fije 3 23.16 12.42 24.15 2.00 16.05 21.08
Figel 22.30 11.33 23. 30 2.00 19.73 24.71
2;;%35};3; Hije 2 22.30 11.33 23. 30 2.00 19.73 24.71
Hi%e 3 22.30 11.33 23.30 2.00 19.73 24.71
Jrik MBS Blit/kg Bkt VR v
17 T8 m
Hide 1 11.79 21.98 0.781 79.27
LI i 2 13.69 21.05 0.801 86. 35
M3 15.61 20.63 0.827 95.78
HiZgE 1 11.79 21.98 0. 822 5.25 76. 68 3.27
zi;;jjﬁﬁiﬁ?f Hi4e 2 13.69 21.05 0.842 5.12 84.32 2.35
Hige 3 15.61 20.63 0.868 4.96 94.22 1.63
DAL 5E U 728 3 5 1Y I 4. 96 06, i 48 W B
SN 16300 o AH RIS, G Al AT 20 A oA 2 £ E
A7 8800 T EL 7 42t 0 0138 5 A ”:Z[ E i
03, 3% 2 Iy A 48 G ok bl R e AT e (3L oom |
WD AT 3 MERE R, B T T AR e & +
FAR BT 365 | LS T 4% 7 4 AR 43 B o e
IS 0 ¢ 25 0 R L A Ié T
I AT RO R /N o 2 B R (SR P AT dE — | 1_~
Bbe RSk %t e ) DRI 24 2 A7 9 R o ,
Do T 3 A I R 3 0 Ik o T o L o e e R e IR
(/N FATAR L RIRTAE 2, LA S8 LA AE 2 1 I dpedeetde L l\m
R H B S TR 3. ’ i e

3 ERUENMEEERL

SRV AL TC AW A RS RLS A DN
JiE 5% L B AL, B RO K T 2 000 kg, 3t 3K
R 6g; 5 By K 5% H AR A AL, I KGR
R 2 200 kg, LB R HUR 2. 5g. HLEA XS
B EEZAME RS an e 3K 5 s o
%3 B SH

Table 3 Parameters of modular wing

RS RIGE W kg WE/m RO E/g R

S A 2000 6 6.0 4.0
5B 2 200 14 2.5 10.5

K5 B fe LI R
Fig.5 Size of modular wing

* 1 MSC Patran @ #% , Nastran 1E Jy K f##% #5 .
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BB R AT IT ., PR HLB AR R F W2 =X
A Jay, T R A E AR 200 XK Ab 5 B A B AE
7000 A4, LB Gl JHAE ) B2 1 8k | 54
BB A B A e R A i . DL BR T A
wE 6 s o
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Fig. 6 Modular wing finite element model
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1) A58 Dtk i

K Z 2B AL G Tsight 8C0F 43 51 #4 2t o
AT Ak R SR ORE B RO AR D ik 0 P A AR R
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Table 4 Optimization results for common module

5 B /mm BRI RS /mm B IRJEE /mm
ik
T, T, T T, H, H, H;, H, gl t; I U
MBS A 2.52 2.00 1.00 1. 00 1.21 1. 00 1. 00 1. 00 3.03 2.00 3.02 2.00
LIy Igiwi
BB 2.40 2.00 1. 00 1.00 1.12 1.02 3.50 3.66 3.02 2.00 3.91 2.00
BAS A 2.36 2.00 1.00 1.00 1.81 1.00 3.30 4.00 5.51 5.90 3.31 3.34
T AU U O A T Tk
S B 2.36 2.00 1.00 1. 00 1.81 1.00 3. 30 4.00 5.51 5.90 3.31 3.34
#5 RIS
Table 5 Optimization results for individual module
5¢ B JELE /mm NG AR L /mm PSR/ mm®
WZRES
T5 T6 H3 H(i 55 Sbi
. A A 1.00 1.00 1.00 1. 00 50. 00 50. 00
LIy 1%t
5B 1. 00 1.00 1.06 1.00 165. 50 160. 50
o . LIRS 1. 00 1.00 1. 00 1. 00 50. 00 50. 00
FAUL IR AL 7
5B 1.03 1.03 1. 00 1. 00 188. 00 184.50
*6 LI IALER RS
Table 6 Comparison between optimization results for wing structure
WZRES Bt /kg RSN/ % P /mm
‘ A= 47.80
L1t
5B 95.28
A A 56.07 17.3 49.7
F A B AL T 1
5B 99.20 4.1 414.6
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Fig. 7 Deformation clouds under the sensitivity IR/ TR A RS A RIS B AR Y 2
coordination optimization method MK 8 flr 7 o
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Table 7 Optimization results for common module
. 5 JZ R /mm SR AR R/ mm PG IK)RE /mm
T, T, T T, H, H, H, H, 4 2 Iy Iy
MEA 2.3 2,00 1.00 1.00 1.81 1.00 3.30 4.00 551 590 3.31 3.34
AP A TS 1
MEB 2.3 200 1.00 1.00 1.81 1.00 3.30 4.00 551 590 3.31 3.34
sTzsmmEns WA 280 281 1.64 164 153 169 400 352 417 3.90 3.11  2.99
MPEHIETTE  mwep 280 2,81 1.64 1.64 153 1.69 4.00 3.52 4.17 3.90 3.11  2.99
#8 LML
Table 8 Optimization results for individual module
5% [ JE B /mm P AR E B /mm P4 4% B/ mm”
J5 i
T5 Tb H5 Hﬁ SS 56
A 1.00 1.00 1.00 1.00 50. 00 50. 00
RAE MR A T i
B 1.03 1.03 1.00 1.00 188.00 184.50

S F RGN R A 1.00 1.00 1.01 1.01 50. 50 50. 00

UL DL AL )ik BEB 1.09 1.09 1.06 1.06 185. 00 175. 00
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Table 9 Comparison between optimization results for wing structure
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FAEE P AL T 1
5B 99. 20 412.5
G RGBT 1A A A 67.27 19.9 42.8 13.9
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Integrated wing force transmission analysis method and structural

design considering connection
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Abstract: The integrated wing embodies the integrated design concept of integrating functional components and
load-bearing structures. However, there may be problems in the structure such as discontinuous skin force transmis-
sion and difficulty in connecting separation surfaces, which can increase the difficulty of structural design. There-
fore, based on the structural characteristics of the integrated wing, an integrated wing force transmission analysis
method considering connections is proposed. The connection characteristics at the separation surface of the functio—
nal skin design is analyzed, the connection design and structural design are completed, which is verified by finite el-
ement analysis and optimization analysis. The results show that the bending moment distribution of the box section
calculated by the force transfer analysis method is consistent with the finite element results. The analysis results of
the cross—sectional size distribution of the box section structure are similar to the optimization results, which can
meet the requirements of connection strength and stability. The larger the effective height of the wing beam in the
box section structure, the greater the load it bears, and the more consistent the optimization results with the force
transfer analysis results.
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Fig.1 Flow chart of integrated wing force transfer analysis
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Fig.2 Schematic diagram of skin design
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Table 1  Analysis of cross—sectional connection characteristics

L)

o RERREAN  REEDCHmm o BESE SETGRBEEE MR /AN RGN
M4 65 3.96 6
4= 1252.5 2.5 M6 45 8.96 9
M8 35 15.90 12
M4 65 3.96 6
5% 771.0 2.5 M6 45 8.96 9
M8 35 15.90 12
% HORB 33% % 8RR 50% 5 8RR 66
Wi gy Sni maEE L Enfk S GamR L St S GaRR
B8 s RS/ BRE/ ;ﬁ; S/ N/ ARG/ f@ SEA/ RN/ BB/ ;ig
kN MPa kN kN MPa kN kN MPa kN
6.42 2 9.63 3 12.72 4
4= 417. 46 130 9.28 2 626.25 165 13.92 2 826. 65 190 18. 37 3
11.93 1 17.89 2 23.62 3
3.95 1 5.93 2 7.83 3
5% 256.97 105 5.71 1 385. 50 130 8.57 1 508. 86 150 11.31 2
7.34 1 11.01 1 14.54 2
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Table 2 Connection design of each section of the box section

(R AT HE PRI 52 B Y 2 2 5 B2 SR A 4 4
TR, I A 5 S T — e L

g PRRIERES o mm mmmean pEmeso BAHEE SRR /KN
44 1252.5 2.5 M6 45 2 8.95
5# 771.0 2.5 M6 45 1 8.95
6+ 416.0 2.0 M6 45 1 7.20
7 171.5 2.0 M4 45 1 3.96

Wi 52 R 5% [ 45 M4 L 5 e KOR#EGS R R /NRER 52 7 SRR/ TN/

o 7 /kN Jj/MPa F/% /% (KN-m?) (KN-m?)
48 618.75 165 49. 40 50. 60 4.84x10° 4.960% 10°
5+ 402.75 130 52.23 47.77 4.84%10° 4.427%10°
6+ 324. 00 115 77.88 22.12 3.90% 10° 1.108 % 10°
T 171.50 90 100. 00 0 3.90%x 10° —
2.2 NEERLEHRNEIEZIT N, HF A=A, b=b,.
MR 2 2 B 45 3, AR SR FH S5 3 45 M X D RE 5 [L by J} lL_ b, %
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DL G B 52 B LA B 5 B &2 i LT 5 B 2 i i e

AORARPUHLIE 19 2 i 200, SR BN Z R
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3 & BRI R 2R

Fig. 3 Equivalent cross—section of box section
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Table 3 Calculation results of stiffness of each section of the box section

o

)45 A B B G 1 A% AT Ak P 5 5 B I

i e e e e E ATV 3 Y 5/ e s
WA emanm RERM/AN S E/mm PRI SR ST
A mm (kN+m?) (kN*m)

4% 250.5 1252.5 3750 4.84%10° 107. 88 539. 40
5 154.2 771.0 3750 4.84%10° 69.77 348. 85
= 83.2 416.0 3000 3.90x10° 61.65 308. 25
= 34.3 171.5 3000 3.90x10° 28.86 144. 30
O PG 2872 L NI S/ SHIP LRI/ FZ R/ PR/ LB A /KN
{3z /mm’ (kKN+-m?) (kN-m?) (kN-m?) (kN-m) I

4 2400 3.623x10° 767X 10° 6.390x 10° 142. 62 633.83

5 2160 3.310x10° .530X10° 5.840x 10° 84.43 375.23

(= 360 7.755%10° 797X 10° 1.355% 10° 21.55 95.71

T 120 4.268x10° 092X 10° 7.360%10° 5. 44 24.14
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Table 4 Ioad distribution verification

SrEim IEEREAE/ WSS EY SBUCSE/ RAMSILY REW/ WRER BT R EF AP sy
[OA-+ (kN+m) HE/(KN+m) (kN+m) JE/(KN-m)  (kN-m)  Jeafrdite/%  a#rdite/ %
4= 250.5 21.00 229.50 97.06 132.44 42.29 43.06 —0.77
5% 154.2 12.30 141.90 59.56 82. 34 41.97 45.24 —3.27
6% 83.2 14. 24 68.96 48.89 20.07 70. 89 74.10 —3.21
7= 34.3 8.30 26.00 21.15 4.85 81.33 84.14 —2.81
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Table 5 Comparison of wing structure quality

. WP/ FAARIX 5 HARNiR/
WIRES ke e itk SR i kg .
M R 144. 80 108. 10 460. 22 420
b2k 117. 28 117.99 442,41 410

SRR X 5 Ry JRE B B, ML 5 R R R AIG
T 17.81 kg, BARAM WAL T 10 mm, P I AH X
T IRE X, 3 M X & B — 1A Ak L3 (1 W B S 3
R AAEH
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interference-fit structures in hygrothermal service
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Abstract: Currently, the study on the influence of hygrothermal environment on composite material is more
inclined to the material composition structure, rather than the composite connection. A numerical simulation model
of composite interference—fit structure is established based on the mechanical ontological relationship and conti-
nuous damage model of composites under the hygrothermal environment with the object of composite interference—
fit structure. The model is utilized to analyze the static strength and damage failure of interference—fit structures in
the hygrothermal cycle of 0 days, 30 days, 60 days, 90 days and 120 days respectively, and is validated with the
hygrothermal aging experiment. The results show that the ultimate load of the composite interference—fit structure
decreases by 3.33%, 5.63%, 8.83% and 10.81% respectively, as the hygrothermal cycling period increases from
0 days to 120 days; the hygrothermal environment causes the aging reaction within the matrix of composite ope—
ning, results in a rapid deterioration of the matrix performance, while has little effect on the fiber damage.
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Fig.1 Hygrothermal aging test procedure for CFRP interference—fit structure
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Fig.2 Numerical analysis modeling of the

interference—fit structure
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Table 3 Damage parameters of interference—fit structures under different hygrothermal aging time
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Fig. 6 Result of fiber damage in interference—fit structures
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