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Research on Effect of Stacking Sequence on Strength of Composite Horizontal Tail Spar Cap

LIU Jia, CHEN Jingfang, WU Daoming, ZHANG Lijuan
(1. Chongqing Aerospace Polytechnic, Chongqing 400021, China;
2. Chongqing University, Chonggqing 400021, China)

[ABSTRACT] In order to research the stacking sequence design method of resin based composite material horizontal tail
in VARI molding process and obtain the optimal laminate scheme, a numerical model for strength analysis of composite
material horizontal tail was established, and a preliminary plan for layering of horizontal tail was obtained. We designed
and manufactured test pieces and test fixtures for the horizontal tail wing, and applied critical loads according to the
requirements of article 23.423 of CCAR—23 for maneuvering loads to complete the test verification. The measured values
of the test are in good agreement with the calculated values at the corresponding positions, indicating that the established
numerical model is effective. Based on the displacement and stress-strain results, the optimization design of the paving
sequence for the spar cap was carried out. The optimization results show that, under the same proportion of paving layers
at different angles, the paving sequence had little effect on the overall stress distribution of all paving layers of the
edge strip, but had an impact on the maximum stress value. The optimal plan of 3 layers and 1 group of laminating
layers obtained through the sequence optimization research can be used for the paving design of the horizontal tail
spar cap.

Keywords: Horizontal tail; Numerical model; Test verification; Spar cap; Stacking sequence
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Fig.1 Finite element numerical model of horizontal tail
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Fig.2 Stress and deformation distribution of horizontal tail
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Table 2 Material property parameters of unidirectional tapes, fibers, and resins

FRHE S HZ )R /mm P /MPa | fUffSREE/MPa | BUUIELE/MPa | BYLIRE/MPa AL | %/ (glom’)

B[] 0.4 31100 240 4800 40 0.32 1.58
EAR41 0.3 17700 180 3800 30 0.31 1.58
Wifg — 3500 24 1800 10 0.27 1.16
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Fig.3 Loading method of horizontal tail
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Fig.4 Sticking position of strain pattern on horizontal tail
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Fig.5 Static test of horizontal tail
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Fig.6 Comparison between calculated and measurement strain

Ak, A L5 MR & . =AM R R ERE
AL Z B AN [R) £ Bl 2 G P52 ) 38 32 2l 2 007 14
SO, ASEI R AR BE & L ATHES U X2 N 5 2 )R
T — B W . T PN IE R 72 5 I £ 4k 0 s 1] 7
=1 U N )= (S A R = 4 B 5 = XS T P U
B2 5 G e, S A O il S O A 2, T A
FEATFI R M 1A PERE T BT 3 U

T REHZ R 2 et 207 ik
i, 2 SR AL 5 Bl B AR AT Se Btk Al 2 O R 2
AR R 0°/90° B2, hIEI T+ 45° a2 B,
R TR R R A R TSR, BEH 0°/90° Hf)Z LA
80% IMHHZ L, FEREN GRS P A TR AT . o T 20
TWRRCR B REERL N 18 RS BA%KIMNER
AR SHAR B2 , T A2 P e . AR
DL e T 10 FRERZE 7, g 3 iR,

FEREE 3 b 10 b XK 3 St Tom i i
AR RKOF RBIIER J)5 8Y 5 b, WE 7 B .

T 4 oy 22 5 58 v ) — Bl A 3 1 e R e 8 )2 4
R3)2,0° 5 90° i )2 2 B, AU A TR S A
[Fi) £ R 322 S 0 L E BN ) AR TP R N R, S 4k 2R
AR 0° B2, 45° Hl 2R IR T 205 P it wT LA
F iy, 45° S BOB R P B3R T TE Y ) AEY R K
S R, 4 BT N B 228N, TSR 4 A 1)
Jifeife/

J& 6 Tl )2 58 v R — Bl R B 10 e R i 8 2 4
R 2 )22,0° 5 90° i 7 52 R Bl B, [R)AE SR FH 2R T 0°
JZ, M 45° Hl )24 B R 5 BIRT AT T % 6 Tl )=
ES SNNTWIEE DY S =2 Ny NI oy N T R | = R oE {
160 MPa 2247, ULBH R HIIELE 200 2 2 1EZ Bk
TR AR ELN KRR A B

T % 4 B IE B 1 5 85 W S AKCE K T KA 2
J7 58, DN I AR B BT 10 e Z e,

®3 HRATR
Table 3 Layering schemes

HE% R
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10 [0,/—45,/45,/90,/0,/90,/0,/90,/0,]s
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Fig.7 Calculation results of normal stress and shear stress for ten
layering schemes
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