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Mechanical Behavior of RTM Composite Cross Joints
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GAO Suxi?

(1. Shanghai Aircraft Design and Research Institute, Shanghai 201210, China; 2. College of Aerospace Engineering, Nanjing
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Abstract: Aiming at the composite spoiler joint of a certain aircraft, the typical cross joint area is selected as the

research object to study its ultimate load bearing capacity of the RTM (Resin transfer moulding) formed

composite spoiler joint under the four point bending load. Its damage and failure mode is analyzed, and a

reference for the design of RTM formed composite joints is provided. A finite element model of the typical

detail of the cross connection area is established and its damage process is simulated using the commercial

software ABAQUS. The simulated results agree well with the experimental data and thus the feasibility of the

numerical simulations is verified.

Key words: composite; resin transfer moulding (RTM) ; cross joints; numerical simulation
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Fig.2 Schematic diagram of test loading and support
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Fig.3 Schematic diagram of strain measuring points
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Fig.5 Load displacement curve
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Table 2 Strain measurement data at different positions of the specimen

N AN [R) Az 1 17 A 0 A
£ F /mm
2 3 4 5 6 7 8 9 10 11 12

0 0 0 0 0 0 0 0 0 0 0 0 0
0.2 —65 —8 62 —82 —8 85 —59 —7 53 —97 —19 99
0.4 — 158 —14 143 —161 —14 164 — 143 —14 125 —191 —34 186
0.6 — 262 —21 231 —251 —21 257 — 244 —22 207 —293 —47 282
0.8 —363 — 26 314 —341 —27 348 —343 —30 286 —393 —59 375
1.0 —461 —32 394 —433 —35 439 —443 —37 364 —492 —70 464
1.2 — 564 — 36 480 — 528 —41 535 — 545 —46 446 —592 —81 559
1.4 —664 —43 565 —622 —49 631 —647 —55 525 —690 —92 652
1.6 —768 —50 654 — 720 —55 732 — 750 —64 609 —791 —103 750
1.8 —851 —53 724 —653 —45 827 —834 —69 675 —673 —93 842
2.0 —948 —59 808 — 1720 —50 925 —931 —77 753 — 735 —100 936
2.1 —996 —63 850 — 751 —51 975 —980 —82 793 — 1753 —104 983
2.2 —829 —47 882 — 764 —50 1 000 — 842 —68 826 — 757 — 104 1008
2.3 —856 —49 931 —795 —50 1 050 —871 —72 870 — 785 — 107 1052
2.4 — 884 —50 965 — 775 —47 1099 —897 —74 902 —733 —105 1098
2.5 —909 —52 984 —791 —50 1121 —919 —76 919 — 736 — 106 1136
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Fig.6 Typical failure mode of the specimens
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Table 3 Ply information of composite RTM cross-joint specimens

T kul 2B JE I /mm 2
1 iR 6 5.4 [(+45)/(0,90)/(445)/(0,90)]s
2 Fag i) 4 3.6 [(£45)/(0,90)/(£45)/(0,90)]s
) e 4 3.6 [(£45)/(0,90)/(£45)/(0,90)]s
2 1.8 [(£45)/(0,90)/(£45)/(0,90)]
4 Ega) 1.5 1.35 [(£45)/(0,90)/(+45)/(0,90)/(£45)/(0,90)]

7 : CF3031/5284RTM #1 4k 2 2 4147 [F AL JE BE 47 0.225 mm,

F4 CF3031/524E MBI ERAMEBR MRS
Table 4 Modulus parameters of CF3031/5284 composite with single layer fabric

=] E./GPa FE,/GPa E;/GPa e

M3 M,; G/GPa  G,/GPa  G,/GPa

CF3031/5284 62.8 61.2 61.2

0.044 5

0.0459 0.0459 4.09 4.09 4.090

&5 CF3031/524 EAMBBARAYEEERSH
Table 5 Strength parameters of CF3031/5284 composite with single layer fabric

i H X;/MPa X./MPa Y+/MPa

Y./MPa

DB Wi w1/ T KR v/

Sx</MPa Sy/MPa )
(Jom %) (Jom %)

CF3031/5284 556 673 601

67.6 64.9 404 .4 2 309.7
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Fig.7 Finite element model of the composite cross joint
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Fig.8 Finite element model of interface between layers of

the composite cross joint

2.1.2 #3%k

R A5 12 0 v (i FH ) B b L 05 2143 BT ok
7 A A 19 50 4% o) [a] PR B ORE , SR = 4 52 M A, i
PERL & E = 1 GPa, JH#A L 0.3, R %5 8 A kK
B R 7S A OG 25 K R AT ARG Tl 43, IR As RS Sk
2mm, ICRA K 8T N SR YT, ot e
C3D8. A R TB AL ITE N 2 977,

2.1.3 Hm*%

SR ARIE B L2 R v ey 1) R A% 3 A 0
e B 523k b AR DA R4 3k F RS R 2
] SCHE il G R . B o 200 i A b B RTM 2
Sk 55 Je FL Al /) BE 45 T, R T ABAQUSS #1142 4L 1)
2 DA T % il ko B 9 o - 42 Al O =) L N A BRI
S 4 D0 ) DR 42 At bR S L A RO A4 5 n 28 s R 52
5 i (0 FE VR A RSN b Al 0 6 TR



5 3 MRS S A MR RTM 7 23k 1 2: v e 9T 385
6 BENE-H#EMXER
Table 6 Adaptive face to face contact relationship
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Fig.9 Load and boundary support of finite element model
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Table 7 Comparison of test results and numerical simu-

lation results

AR RTM-CRS-1 RTM-CRS-2
A5 R% Ml R%/% A% Bl R%/%
1/7  —826 —869 5 —789 —869 10
3/9 785 882 12 918 882 —4
6/12 869 894 3 856 894 4
13/19 869 816 —6 734 816 11
15/21 —996 —903 —9 —919 —903 —2
18/24 —958 —943 —2 —975 —943 —3
TE D28 = (1 FLE — B0 (H)/ R {H < 1002 .

R AH T TRk R 4 S i~
BT O 2R B0 25 SR R BUE A B A5 R . B’ 11
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P A IR T e 1, 2 for 42 8% 11 £ rb 89 087 8% Sk R 2k
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Fig.11 Comparison between simulation results and test re-

sults of load displacement curves
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Fig.12 Matrix damage propagation of the composite RTM

cross joints
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Fig.13 Shear failure propagation of the composite RTM

cross joints
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Fig.14 Delamination propagation of the R region

3 % it

ASCE R E A M RTM 83k, JF R T i 3
DX LR A0 R 4 05 R G, JF 3 T ABAQUS 4K
P&, #r HoR gk RE 1A BR G B BT B Y I
ABFIE 4 S5 A E T 2 A B RTM + 5 % 1%
DX L 25 B 2 e, AT

(1) X5 3815 7 -+ 57 3% 32 X A0 41 75 3K 1 19
e B AR 2 B 7 (4 KN ;5 312780 Bl BRASE 5K R 31 P BE R
i FNANRE R £ Kb K 2443 )2

(2) B AT 45 B 5K 45 1 — 50, A X
HAL B E AR RTM 4 3k + 5 1% 12 X 308 {4 {5

L3 BT R AR 1 09 0 A 5 1 AR A

(3) R B it BT R 1] 73 2, BE A8 A7 R
U T XA R G R 5 4 R A
&, RODKEE A5 45 A0 57 D) 458 43 1o AR/ T S 4 T
B0 2 i Al SR, BRSOk LR EBE T .

S E WK

(1] BUfs, B, BREF AR5 RHE R RAL R R[]
e BHER £F 4 5 191, 2007, 32(6): 58,17
HE Fu, SUN Wei. The application of carbon fiber
composite materials in giant plane[J]. Hi-Tech Fiber
and Application, 2007, 32(6): 5-8,17.

(2] Bz, LA, SO eI IERLEETRT].
MM T, 2017, 49(5): 99-102.

ZHAO Yanqin, WEI Shili. Research on joint of com~-
posite wing at root[J]. Mechanical Engineer, 2017,
49(5): 99-102.

[3] SHENOI R A, HAWKINS G L. Influence of materi-
al and geometry variations on the behaviour of bonded
tee connections in FRP ships[J]. Composites, 1992,
23(5): 335-345.

[4] RISPLER A R, STEVEN G P, TONG L. Failure
analysis of composite T joints including inserts[J].
Journal of Reinforced Plastic and Composites, 1997,
16(18): 1642-1658.

[5] KUMARI S, SINHA P K. Finite element analysis of
composite wing T-joints[J]. Journal of Reinforced
Plastics and Composites, 2002, 21(17): 1561-1585.

[6] AWE, FaE, KA. B4 FR L84k i 0

SRRV, B/ A MR, 2019, 46
(3): 16-20.
SHI Haonan, WANG Jihui, ZHANG Guiming. The
research on damage and failure modes of composite L.~
joint[J].  Fiber
2019, 46(3): 16-20.

[7] DHARMAWAN F, THOMSON R S, LI H, et al.
Geometry and damage effects in a composite marine T~
joint[J]. Composite Structures, 2004, 66(1/2/3/4) :
181-187.

[8] LIHCH, DHARMAWAN F, HERSZBERG I, et
al. Fracture behaviour of composite maritime T-joints
[J]. Composite Structures, 2006, 75 (1/2/3/4) :
339-350.

(9] WFHLE , X058, T30, % . BREF 4RI R MR M
BB T A W SR RE S R RULH [ T]. 5 R
E4, 2019, 36(10): 2227-2234.

XU Xianzhe, LIU Tong, WANG Wenli, et al. Per-

formance and failure mechanics of carbon fiber rein-

Reinforced  Plastics/Composites,

forced polymer composite T-joint in quasi-static load-
ing for automobile structures[J]. Acta Materiae Com-
positae Sinica, 2019, 36(10): 2227-2234.

(% . T53E)



