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Research and application of three-section method of load design for

a kind of aircraft
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2. College of Aeronautics and Astronautics, National University of Defense Technology, Changsha 410073, China)

Abstract ; In order to solve effectively many shortcoming of traditional load design, a three-section method, namely segment stiffness, segment

mass and segment aerodynamics, for the load design of aircraft was presented. The method approximates the actual mass distribution and

aerodynamic load distribution of the aircraft. For a simplified aircraft, the modal parameters and the section load were calculated by using the three-

section method, the theoretical method and the mass-partition method. The results show, the three-section method and the theoretical method are

consistent with the model parameters and the calculation principle, which largely can be considered as a method, so their modal parameters and the

section load are identical. The load of the left and right section of the mass-partition method is pretty inconsistent, and it is not in accordance with

the actual load condition. In a word, the three-section method can get a more real and reasonable section load distribution, and the engineering

application is simple, reasonable and reliable. At the same time, the method can reduce the design difficulty of missile load and structure.
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Fig.1 Principle of the mass-partition method
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Fig.2 Finite element model of aircraft



- 66 e AN o 4

41

IFil I s g B P 5 b B R T Y 5 18]
LA TR BT
3.1 HESH

B 2 BiR AT fe A FROCRE L 2 52 i I 2 40
A=A B MR AN R, M RE 2
BEAM188 ZREASTRIY, X BlIe T 08 1: \ = 70 Boik
R 7wl AR Y — R . [ 2 (a) BRI
SRR B p PR T 0 , A SCRR 10 ] B
FE SR O 5 AT LA 31— B3 AR M el R Hh B
. 2 (b) =70 Brik i 5 i iy it o
MASS21 #i %€ , MASS21 & FLIG Y B it R 45U oz
Bl G S 2 (a) HR A B TR A B
B 2 () Jorie 73 ol v 1) Jo it o o T MASS21
B € , MASS21 FLOTHY ot H 4R L BLE T Rk
SR IR B v 5 A, AR U A 20 R R AR
KA R, AR EEHITT A

F 1 O REE ST RL =0 Bak MR
Ul AR AT BROCAS TR T30 i A 1 S A R P A
Bl o AERF B THR A A =0 Bk AR R
SR8 A LI O e —Bh 50k s B o vl i
FAXSRUEA TR , BARRZEA K BT Ay
AR B oA 2 2 B S8 T A RAT 00, iR
ZEMR MR ME ARG B o 5 B U, =B
LR T 10 A R, A LR 2 A 1Y
11 A B rp i S EL AR

®1 =ZMAENREMBRETHE

Tab.1 Mass and load data of three methods

Join VA P N 3 1 VA K1 VAR ~ % VAR i VN4

kg m  (kgem')(kg-m) N m

it
e 6,48 5.0
K}
/AN
—7 606.48 5.0
Bk
ﬁﬁ% 606.75 5.0
I3 ¥

"2/ % 0.04 0 3.0 2.45 0 0.12

5072.6 37.15 5.0E+7 6.667

5072.6 37.15 5.0E +7 6.667

5226.0 36.24 5.0E+7 6.675

3.2 S

5 BTG 75 45 B0, HOA A K 367 v
RHATEAEER AT %2 MK E e
H A B RTCRE 53 9 v M A R TR
BEA AT IO A S0, A4 B T3
P =AY B OS2 MO 28, [ W
RAAHRELE M 3. 52% , H2 B (L KoM X452

ZeAIE 1. 44% ; 5 oy v U5 A e T RA RO
BB UM ZEL 2 LEB] 1, [ A 0 AR R 5 22
TWHITE 2. 1% ~12.2% , Pz T {6 FH X 0 22 35 H
#0.1% ~7.5% ,

R2 ZMAENESSH
Tab.2 Modal parameters of three methods
A 351 f/ He HRAYE U

B— B f= - B B B= -
B Br B B B B B B

g
i
=4
[Tkt

Iyl

31.8 84.8 158.9 160.9 0.1743 0.1783 0.1829 0.2227

3.6 83.3 153.5 160.2 0.1739 0.1771 0.1803 0.2227

30.3 78.0 141.6 164.3 0.1745 0.1832 0.197 8 0.224 9

2, N T, 5L T IR EL
A N AT AR AR SR T A RS A B
fA—1k, 45 (7) A B

N 2

N

1
U=— 7
N Al & (7)

A U SE SO VAT AR RIS N 2 AT 4700
SRCH su, 2 RATARER | A R

EA SCHRL 13 - 14 JBFFE 45 R 3R W], 1R K
HARF A BRAOCHIIE BT, —BUsUE L A 45
TRk, B LS TR AT RO 205
TR oy vtk A0 — ST I T A A AR ER
FTHEIE (B ESHE M B 5L , 4R e vk
TR PURENT HIH K2, = Bak i
A PR ST S TSR SR ol 1 2
(], AR L SR PRI 2% T 4 T SR 7 24
W, =0 BOEAE N — M Pl — B e, ]
i T B9 iR o N KA T e o0 A B A
A EHITRI T BN A AR S R R
AR A BB IR ) B 2, HaH 5 4l Rk
NG
3.3 #EHE

R PSR = Bak AR R
ORISR AR T AEAR M RO 2T A AT 2
fif o 3 KIS BIE Tk = Bak MR 7
AR A PROTARE B T 58 JIr A5 ) AT e AR T 280
il o P13 AT 4 535 0 R A e AR 2 ey T 4
H ST RIS A S5 R R W] e TR
A =0 BT 1A A8 AT 28 A7 A 25 A% /0, KT BT T e R
HAXFERIEA KT 0. 28% , BT 2 e KAHXT R 22
AT 0. 65% 5 J5T i 73 3 4 7o A T A AH 22



42 1

FITR, 25— 2K ATS BT =4 BT 58 5 1 - 67 -

PR AT 5 AN 58 22— B, T BT 7 i KA X R 22
BE] T 152% , 2R e KA X iR 22 I8 F) T
191% 5 J5it 73 ol i M 53005 R A TR 2804 AH 22
AR, AT BT S e KA X R 2216 5] 1 402% , 1
T2 FEL AR KA IR ZE IR E T 1055%

e B4 Y OO0 ol 3 B AR A A B
BT AN — B A AR K H AT & 298 284 15

D AR AR D DR e N D A i o7 A B T S P
EIHFAFEER G b BRI R B . =
Boib ARG s e e 70X — ) L, IR A TR
PRI AL B 4R FP R B AR BT
A B O EE AL BB BE 0 A5 5F
ST AT S A B O ST A B RAT A A
T 14 73473 284 o

R3 =EMTENEERE
Tab.3  Section load of three methods
9 J1/N A/ (N - m)
]
PR =45 Fisris BRIy g =4y B otk BRI
TR Bk ] A Lk Bk JEAR A

1 0 0 55 908 0 0 -55 381
2 -16480 -16527 55 908 -54 743 -21943  -22048  —111 289 -222 105
3 -29298 -29381 -54 743 -137794  -29268 -29393  -167 361 -278 177
4 -38454 -38563  -13779% -193243  -25605 -25771  -140384 -251 200
5 -43947  -44072  -193243 -221 091 -14619 -14703 -57 957 -168 773
6  -45779 -45908  -221091 -221 338 0 0.6 52317.8 -58 498
7 -43947  -44072  -221338 -193984  14679.6 14 691.3 162 840 52023.9
8  -38454 -38563  -193984 -139030  25666.5 25634.3 246 008 135 192
9  -29298 -29381 -139 030 -56474  29328.7 29393.3 274 222 163 406
10 -16480 -16527 -56 474 53 683.1 22004.2  22010.7 219 880 109 064
11 0 0 53 683.1 0 0 55380.6

B /kN

HEHT
B3 /AT I 5 o A

Fig.3 Shear distribution of each section of the aircraft
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