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Integrated wing force transmission analysis method and structural

design considering connection
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Flight Vehicle, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

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

2 —EUNEEADRTENNEA

AR SCHR 45 T BE 75 SR B i — IR AR L3 25 44 4
K 2 s, Hrp D RES¢ B fE 4 Al B b e = N 3R
T 73 31 2 39 B £ 4 55 Bz IR SR S R AT 4R 52 B
FErp e 41 4 52 pOR B 2 E AR B, & B )
PR T SRk Bk S 4R, B3 R AR 23 AL

e SRR PE o Ry R 2 PR DI RE SR R TR A
¥y bk Ar oy Be, I BLE T S A BT ar B, an i
A~ 8 Jify BT T %, o A AR AT T A 3R R A
AE 5¢ B2 T 2 1T A B 2T 2 J= R A% 1, 23 S T Ak 1Y i
PR el A S P

Dge X G
s B

TR X fr B
28 €T D)
EIEEAI)
AR 288 ygp AR

K2 5¢pcieit o e g K
Fig.2 Schematic diagram of skin design
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Table 1  Analysis of cross—sectional connection characteristics
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Table 2 Connection design of each section of the box section
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74 171.5 2.0 M4 45 1 3.96
Wi %Bzﬁ%jti%ﬁ%i SREMVFIRL SRR R RNRE L %ﬁ%iﬁ(ﬁlﬂ!}'{/ PR NI/
fif /KN 71/MPa /% /% (kN-m*) (kN-m?)
4z 618.75 165 49.40 50. 60 4.84x10° 4.960%10°
52 402.75 130 52.23 47.77 4.84%10° 4.427X10°
62 324.00 115 77.88 22.12 3.90% 107 1.108% 10°
74 171.50 90 100. 00 0 3.90%10° —
2.2 NMEZERSHNEIRT T A=A, b=b,.
MR 2 2 IS5 2R A SR JH 45 R4 1 %) D e 52 - b 1k b 4
B A0 G i) T 25 W) A RO AT R Horh
4,

DL G B 52 B LA B 5 B &2 T LR 5B 2 i i e

AORARPUHLIE 19 2 i 200, SR B RN Z R

AL, B A A% 7 20 B AR 0 & B A 2 m AL

3 & BEAR RO 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
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Table 5 Comparison of wing structure quality

. W/ FAARIX 5 HARNiR/
ek kg B B/ kg BB/ kg mm
oM R 144. 80 108. 10 460. 22 420
b2k 117. 28 117.99 442. 41 410

SRR X 5 7 JRE B B, ML 5 K R R RIS
T 17.81 kg, BARAM WAL T 10 mm, P I AH X
T IRE X, 38 X & B — 1A Ak HL 3 (1 W B2 S 3
R AAEH

& 7157 M A5 1 — R AL WL 25 44 i it 55 R 1k
SERAE AN K AR T 3.87% . M IE L4 R
A DL A5 2 B 5 TR AR R A 3 5 A v Ak R
KFRAEE R, % 7 50 B 45 25 0 RS 4
A7 S A AT DA R i R SR, FE NI Dy v U ET DL AR
B — 2D R AL, K o i BT 2 b A P e LS g 3
B s T i L

4 &5

1) B A Joy B3 T — MR AL HL 3R o i 38 52
TRER T LU 0 W A 2 RE 3¢ B 45 70 185 Th ALk F) i 4 4
A5, A ) T DR AIE I e 5 B8 0 8 4

2) — AL HLIAL 1 50 Mr J7 i3 S 3 A & B
HTE A A S A BR TSRS SRR 2 BN W L
M T 25 20 45 A8 B4 T3 3 Al BT Ak A% R ) S il
AT

3) il 3 AR SO Ty o3 M 7 1 A B A 3Rk A T
Ab i RS o3 A 5 A 4 2R B s i — 2ok B
A A R ) L AR AR 5 2R 5 4% T A 4
SR 5 L O R BRSSP EOR

4) LI EE T AR ER A7 B RGBS MR Y T
R, B W ) 45 R AR e BRI Ak B A8 0 AT
RGP 0 45 R R R E B

& % X

(1] fRgRte, it AR, 45 B CHLE N AMIF T ot
PR R B0 [T A2 b5, 2020, 26(9) : 7-
11.
XU Zhenhua, YANG Jianghong, NIU Limin, et al. Re-
search progress and operational usage mode analysis of sen-
sor aircraft at home and abroad[J]. Sensor World, 2020, 26
(9): 7-11. (in Chinese)

[2] CORD T J, NEWBERN S. Unmanned air vehicles: new
challenges in design[ C]// 2001 Aerospace Conference. Big
Sky: IEEE, 2001: 2699-2704.

(3] ABUb, Bk, £—, &5 (LG CHLBLL CHEBOR IE R 5
BT iz 2448, 2022, 44(6): 6-39.
HAO Shuai, MA Tielin, WANG Yi, et al. Progress and
application analysis of key technologies in sensor aircraft[J].
Acta Aeronautica et Astronautica Sinica, 2022, 44(6) : 6~
39. (in Chinese)



176 fot s TRk 516 %

[4] CRAVEY R L, VEDELER E, GOINS L Y, et al. Struc- [D]. MAt: BEALE AR R, 2013,
turally integrated antenna concepts for HALE UAVs[R]. WANG Qiming. Joints design and optimization on the com~-
Hampton: National Aeronautics and Space Administration posite wing separating surface [D]. Nanjing: Nanjing Uni-
Langley Research Center, 2006 versity of Aeronautics and Astronautics, 2013. (in Chinese)

[5] ADAMS B J. Structural stability of a joined-wing sensor- [13]  #arAl, dusi . KAZ ML S i #oer ik J]. ©arh
craft{ D]. Ohio: Air Force Institute of Technology, 2007. 2%, 2003(4): 62-64.

(6] fapRom, EErh . FAesi K RELM AR5 AR HUANG Liwei, FAN Ying. Estimation of wing bending
[T, R EE AR, 2014, 54(8): 1039-1045. loads for a large transport[J]. Flight Dynamics, 2003 (4) :
HE Qingqiang, WANG Bingzhong. System structure and 62-64. (in Chinese)
key techniques of smart skin antennas[J]. Telecommunica- [14] sk . 1ZRAS CHLHL3E I 28 0f 28 8 ik R GePERE Ay 2 i
tion Engineering, 2014, 54(8): 1039-1045. (in Chinese) Mo [T]. R dedess TR, 2019, 40(7): 1-4.

(7] 3kF, Rocak, k. 2R CHLPLE 250 e 5 M hg 4 ZHANG Xinmiao. Research of influence of airfoil deforma-
BrlT]. HFHLAK TFE, 2015, 31(4): 28-31. tion on performance of conformal radar system on sensor air-
ZHANG Ping, WU Wenzhi, WU Bin. Structural optimiza- craft [J]. Journal of Ordnance Equipment Engineering,
tion and property analysis of a sensorcraft wing[J]. Electro- 2019, 40(7): 1-4. (in Chinese)

Mechanical Engineering, 2015, 31(4): 28-31. (in Chinese) [15] TE5b . CHLBITFM (g5t (M. dbat: fiiss Tl

[8] JF# . —Fi A IRRILIE XL o X LI S5 . AL, 2000.

CN202121554550. X[ P]. 2022-04-01. WANG Baozhong. Aircraft design manual (structure de-
ZHOU Ying. A block wing structure with wing tip confor- sign) [M ]. Beijing: Aviation Industry Press, 2000. (in Chi-
mal antenna: CN20212155-4550. X [P]. 2022-04-01. (in nese)

Chinese) [16] ZFA741. SO CHLE M TR BFIM. dbat: itz Tk i

(9] BRst, Ztm, XidE, 5. H TR RE T ABUHLIL Y 52 5 I H Mt , 2008.

Tl 7 2. CN202011306891. 5[ P]. 2022-10-25. NIU Chunyun. Airframe structural design [M]. Beijing:
CHEN Liang, LI Ru, LIU Xin, et al. Skin for sensor UAV Aviation Industry Press, 2008. (in Chinese)

wings and its fabrication method: CN202011306891.5[P]. [17]  ZorEl. PLEALE X L Bt/ pr (D], a4 pade Tl
2022-10-25. (in Chinese) K2, 2001

[10] A0, BASL, B K20, 5 . BE M m ARG WL Hirfk LUO Linyin. Joints design and optimization on the compo—
AT T]. fiss2#4R, 2021, 42(12): 237-252. site wing separating surface[ D]. Xi’an: Northwestern Poly-
HE Cheng, MA Dongli, JIA Yuhong, et al. Multi-objec- technical University, 2001. (in Chinese)
tive optimization design for joined-wing sensor craft[J]. Ac- [18] Frle, ik . EAMB—HKASRASWEHERT R
ta Aeronautica et Astronautica Sinica, 2021, 42(12) : 237~ a3 A B AT BROCTFSELT]. fiss TR, 2020, 11(5): 679
252. (in Chinese) 685.

[11] Feok, EObEs . L3N AN 3% 4 DX I 8 A i (0. BILAR B CHEN Long, CHEN Puhui. Load distribution and finite ele-
TR, 2020, 33(3): 67-70. ment analysis of composite-to-titanium hybrid structure with
QIAO Bing, WANG Shuaipei. Strength analysis on the con- multiple-bolted joints[J]. Advances in Aeronautical Science
necting area of the inner and outer wing[J]. Mechanical Re- and Engineering, 2020, 11(5): 679-685. (in Chinese)
search &. Application, 2020, 33(3): 67-70. (in Chinese)

[12]  EREW . ZEMRHLIL A3 B I i 7 42 Bt AR AL J5 i 05T (mEg . N#alg)



