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Study on Composite Frame With Stringer—Stiffened
Feature by Resin Transfer Molding

LUO Wei GUO Qiang ZHAO Wenchen PENG Ke HUANG Haichao
(AVIC Chengdu Aircraft Industrial (Group)Co. , Ltd. ,Chengdu 610091)
Abstract  Due to the complicated structure and high precision requirement, the subordinate frame structure of

aviation is still mostly made of aluminum alloy by CNC machines. In order to explore the feasibility of integrated
forming solution for composite frame structure, this paper studies the resin transfer molding (RTM) method of a thin—
wall composite frame with longitudinal and transverse stiffeners and partial flanging structure characteristics.
Simulation results show that the full (0/90), layer combination can reduce the warping deformation of the structure to
the greatest extent, which was also verified by the actual manufacturing results. The flow simulation results show that
surface—injection method can significantly reduce the filling time and pressure compared with point—injection and
line=injection plans. By combining the optimized scheme with automatic laying—up blanking, pultruded filling
material and other automatic processes, the integral insulation frame of composite material with qualified internal

quality and similar sampling mechanical properties to the traditional autoclave forming process was successfully

fabricated.
Key words Composite material , Frame structure, Resin transfer molding, Molding process
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Fig. 1 Model of a typical frame with horizontal and vertical

stringer—stiffened feature
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Fig. 2 Schematic diagram of forming mold of the frame
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Fig. 3 Process of the preform shaping
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Fig. 4 Image of the finished composite frame
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Fig. 5 Schemic diagram of 3 different runner design of the frame
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Fig. 6 Viscosity—temperature curves of the resin and the fitting curves between L7 and t of the preform on x (0°) and y (90°) direction
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Fig. 7 Flling simulation results of the 3 runner design
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Fig. 8 Deformation simulation results and

the real warping picture of the frame
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Fig. 9 NDT result of area with vertical and horizontal stiffeners
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Tab.1 Comparison of mechanical properties between
RTM specimens and typical autoclave—cured samples

T A sRE/MPa LA /G Pa S R /M Pa
RTM 982.6+56.5 48.5+2.2 82.6+3.9
A B 1016+48.6 49.4+3.5 79+4.4
3 4ig

T Ak T B AR AR o 757 S B A5 R I 525 A LR
HE R AR AL RTM B2 FE Rl 2 i i ST
it BN B S e T T A T RS B ER T
— LB AN BEE T
(1) G Jom 353 P HE SR ] R/ INATE iR S A T 22
AU GANiIE S i s s OB S S = R N2
BB L B A HESS A AT O T
(2) 75 A ST B HE i 38 52 5 v, 42 (0/90) (21
i JZ XN B B A AR T G K, AR TR A R S
SEPBR A I B AR A AR AT . N RTM AR 7R il
1 B BORE g 2 P e 5 R R W 5 B R - A T
ORISR S i R R B )M e
(3 TEATE ST Ko 1 L8 B AP 11 335 2o A% v, 3 o
A TE 1T Y U B 615 A 255040 i e S IS ) I R A e e
JE 7, AR i e B 3K, 38 4 3 B0 07 FLABEADL I 3 11
FAY T ¥ JE 77 8 JUT 7 0 9 e s ) R 52 4 Ji It )y 55 52
B R R BEAAHLT
S 2% 30k
[1] PIERRE MINGUET. Analysis of the strength of the
interface between frame and skin in a bonded composite fuselage
panel [C]. The 38" ATAA/ASME/ASCE/AHS/ASC Structures,
Structural Dynamics and Materials Conference,1997:2783-2790.
(2] EF%, 8/, HE, % AR FEHE R &
AR SER [T]. BEBNE AR, 2019(10) - 124-129.
WANG L, HAN X Y, TIAN R, et al. Technical analysis
48 —

and current situation research on manufacturing composite
fuselage frame [J]. Composites Science and Engineering, 2019
(10):124-129.

(3] Z4E . A ELEHER) Ak (U], T ERHE
H., 2016(11):52-53.

LI W N. Mechanical properties of composite fuselage frame
[J]. ChinaScience and Technology Information,2016(11):52-53.

(4] i, B, BN, 55 . Z A MR SR st
%o 5BARL [T]. ZEMRER, 2015, 32(1):196-203.

MENG X J, YAN Y, LUO H B, et al. Impact tests and
numerical simulation of composite waved—beam [J]. Acta
Materiae Compositae Sinica, 2015, 32(1):196-203.

(5] &BICH, wilFigE, ek . M b kR Ik G B
Wi [Cl. hEEPRE SRR R 2, 2017.

TAI Y Y, CHANG H F, LIANG X Z. Development of
integral box section of composite material of rudder face [c].
China International Science
Conference, 2017.

[6] WALLS K O, CRAWFORD R J. The design and

manufacture of a transverse floor beam from thermoplastic

Composite and Technology

composite material-a case study [J]. Journal of Thermoplastic
Composite Materials, 1996, 9(4):396-417.

(7] X0NER , 22Uk, 48, 5. e FR IR
FEIHERE B AMSE [T]. Al B2 EAR, 2019(7) :40-46.

LIU S Z, JIANG H B, WANG T, et al. Study on
manufacturing technology of composite primary—load—carrying
rear pressure bulkhead [J]. Aeronautical Science and
Technology, 2019(7) :40-46.

(8] Eorfe. GBI T AP MM TZHA [J].
P, 2007( 2) : 38-41.

WANG Q H. The closed die technology in the composite
material forming process [J]. Fiber Reinforced Plastics, 2007
(2): 38-41.

(9] 3KBR, ZH . VARTM T2 Bl S 4K 1) 98 58 3 I
LI]. B ERRE, 2011(6) :54-56.

ZHANG M, LI W. Measurement on the permeability of
reinforcements in the vartm process [J]. Fiber Reinforced
Plastics/Composites,, 2011(6) : 54-56.

[10] J5E0T, mmif, BREL, 55 . ATEE G EHInRAE R
RTM B T8 ()], e/ 2 a4k, 2017(1):77-79.

YUAN C X, GAO L' M, CHEN K, et al. RTM processing
of the a—shaped composite stiffened frame [J]. Fiber Reinforced
Plastics/Composites, 2017(1) :77-79.

CI1] B &, RS0, MARLT . SRR 5 BE AR 5 A8 1
VARDIR AR SRS T 25l (). s # R4, 2016, 36
(4):47-54.

XIAO F, YUAN C X, CONG ] J. Computational simulation
of VARI fluid process molding for stiffened panel structural
composites [J]. Journal of Aeronautical Materials, 2016, 36
(4):47-54.

FHIMEIT.Z  hitp://www.yhelgy.com 20214 %564



