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Design on Fiber Arrangement Angles and Areal Weights of Glass Fiber

Reinforced Plastics

HUANG Zhengming

(School of Aerospace Engineering & Applied Mechanics, Tongji University, Shanghai 200082, China)

[ABSTRACT]

Fiberglass preforms or fabrics are the main structural form for making glass fiber reinforced plastics (ab-

breviated to FRPs). Once the fiber and matrix properties as well as fiber volume content are fixed, the mechanical properties
of the FRP products are predominantly dependent on the structural parameters of the fabrics, i.e., fiber arrangement angles
and areal weights. It is a difficult task to experimentally determine those parameters. Not only does high expenditure both
in time and in money have to be spent, but also it is hardly possible to obtain an optimized design only through the trial-
and-error tests. This paper describes how to design the two structural parameters of any multiaxial fabric only based on the
mechanical properties of the fiber and matrix materials. The load shared by any layer of the FRP is determined through the
classical laminate theory, whereas the homogenized stresses in the fiber and matrix of this layer are calculated using mi-
cromechanics Bridging Model. The homogenized quantities are then converted into true stresses before compared with the
fiber and matrix strength data to assess whether or not the layer is failed. If there is a fiber failure, or there is a matrix failure
together with a maximum strain of the laminate which is greater than a critical value, the corresponding load applied on

the FRP is defined as its ultimate strength. All of the design formulae involved are explicit and analytical, and the designed
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performances of the resulting FRPs agree well with the experimental counterparts. The present work provides an efficient

methodology for engineering applications.

Keywords: GFRP; Micromechanics; Stress concentration factor; Fabric structure; Stiffness; Strength; Areal weight
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composites suffering low-velocity impact loads
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Impact fracture photographs of composites at room temperature
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Research Progress on Mechanical Properties of Three-Dimension Integrated

Hollow Sandwich Composites

GUO Zhangxin**®, LI Zhonggui“?, CUI Junjie"*, ZHU Ming"*, HE Qi**, LI Yongcun"*, LUAN Yunbo"®
(1. Institute of Applied Mechanics, College of Mechanical and Vehicle Engineering,
Taiyuan University of Technology, Taiyuan 030024, China;
2. State Key Laboratory for Strength and Vibration of Mechanical Structures, School of Aerospace Engineering,
Xi’an Jiaotong University, Xi’an 710049, China;
3. Shanxi Key Laboratory of Material Strength & Structural Impact, Taiyuan University of Technology, Taiyuan 030024, China;
4. National Demonstration Center for Experimental Mechanics Education,
Taiyuan University of Technology, Taiyuan 030024, China)

[ABSTRACT] The three-dimension integrated hollow sandwich composites is a novel sandwich structure material, which
is obtained by interweaving the core material and the upper and lower panels together, and the core material and the panel
become a unitary structure. The panel of the three-dimension integrated hollow sandwich composites is integrated with the
core material and is formed by one-time curing, so that it has excellent properties such as resistance to delamination, impact
resistance, and high damage tolerance. Studying the mechanical properties of three-dimension integrated hollow sandwich

composites has important guiding significance for its structural design and application. In this paper, the research progress

of mechanical properties of three-dimension integrated hollow sandwich composites in terms of flatwise compression, side
compressive, shear, bending and impact properties were introduced in detail, and the existing problems are pointed out, to

provide direction for future research.

Keywords: Three-dimension integrated hollow sandwich composites; Flatwise compressive property; Side compressive
property; Shear property; Flexural property; Impact property
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Fig.24 Spar non destructive inspection
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Fig.25 Wing spar assembly
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[ABSTRACT] Wing spar is the major load-carrying structure with large dimension and complex stress. Composite wing
spar features weight reduction, load-carrying increase and long service life. To achieve the effective load carrying and
transfer, and satisfy process coordination, composite wing spars are required to have accurate lay-up position and angle, and
strictly controlled profile tolerance. However, due to complex lay-up and various sections of large composite wing spar, the
traditional manual process of large composite components frequently brings about quality issues in the internal and unstable
quality, which requires higher level of manufacturing process so as to satisfy engineering requirements. The digital technol-
ogy adopted from design to manufacturing, and the automatic lay-up, cutting and forming of materials will contribute to the

high quality forming of composite wing spar so as to satisfy all engineering requirements.
Keywords: Structure design; Design/manufacture data transfer; Digital manufacture; Composite; Wing Spar
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3D Printing for High Performance Fiber Reinforced Polymer Composites

MING Yueke, DUAN Yugang, WANG Ben, XIAO Hong, ZHANG Xiaohui
(State Key Lab for Manufacturing Systems Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

[ABSTRACT] 3D printing is a layer-by-layer forming additive manufacturing technology. Fiber reinforced polymer
composites are advanced structural materials with excellent mechanical performance. Combining 3D printing technology
and fiber reinforced polymer composites, this paper proposes a novel composite preparation process which will certainly
promote their development and applications. This paper reviews and analyzes the current research progress and difficulties
of 3D printing for fiber reinforced polymer composites, and meanwhile, presents a new 3D printing process for continuous
fiber reinforced thermosetting polymer composites. This process separated the whole preparation into three independent
modules, including fiber impregnating, 3D printing and pre-formed sample curing. Relevant experimental equipments
were designed and built independently, and the 3D printed samples were successfully fabricated. The mechanical test re-
sults showed that the tensile strength and tensile modulus of these (52% fiber content) specimens were 1325.14MPa and
100.28GPa, respectively. The flexural strength and flexural modulus were 1078.03MPa and 80.01GPa, respectively. The
interlaminar shear strength was 58.89MPa. The mechanical performance had been greatly improved.
Keywords: 3D printing; Fiber reinforcement; Thermoplastic composites; Thermosetting composites; Mechanical performance
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Fig.1 Geometry and dimensions of composite laminates
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Fig.2 Tensile strength of different volume fraction laminates
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Table 5 Tensile testing result of laminates
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Effect of Layered Structure on Tensile Strength of Composite Laminates

LIU Yansong"?, ZHANG Zijian, L1 Zhixin’, WANG Tong", TENG Fei'

(1. Civil Aviation Institute, Shenyang Aerospace University, Shenyang 110136, China
2. China Southern Airlines Shenyang Maintenance Bases, Shenyang 110100, China)

[ABSTRACT] The laminates of 6 different layers structure were designed and prepared, meanwhile the effects of the
angle of different layer and different one-way zone volume mass fraction on the tensile properties of laminated plates
were studied through the tensile test. The tensile ultimate strength, damage characteristics and load-displacement curves
of 6 kinds of composite laminates under tensile test were obtained through experiments. The results show that the tensile
strength of composite laminated plates decreases with the increase of eccentric axis angle. When the volume fraction of the
45° and 90° is the same, the tensile strength of the laminated plate in the 45° layer is higher than that of the laminated plate
in the 90° layer. The delamination area can be effectively reduced on the surface of the [0°/45°] layer, and the layer is more
prone to be layered because of the [0/90°] of internal shear. It is verified that the mechanical properties of composite lami-
nated plates can be designed by changing the angle of lamination.

Keywords: Composite laminate; Layers structure; Tensile strength; Delamination (g Rig)
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Novel Experimental Method for Determining Axial Compression Buckling
Behaviour of Ultra-Length Foldable Thin-Walled Lenticular Composite Tube

LIN Qiuhong', BAI Jiangbo?, CONG Qiang"
(1. Beijing Institute of Spacecraft System Engineering, Beijing 100094, China;
2. School of Transportation Science and Engineering, Beihang University, Beijing 100191, China)

[ABSTRACT] This paper seeks to address practical experimental techniques on axial compression behaviors of flexible
foldable lenticular composite tube (LCT) with ultra length. A testing system was designed and established to determine
the axial compression behaviors of ultra-length LCT, and the axial compression stiffness and buckling load of LCT with
the length of 6m were measured by this testing system. In order to verify the measurement from the novel experimental
method, eigenvalue buckling FEA model of the LCT with the length of 6m was established to predict the axial compression
buckling load that have a good agreement with the experimental data. It is shown that the new developed testing system can
accurately and expediently determine the axial compression behaviors of ultra-length LCT .

Keywords: Composites; Ultra-length; Foldable lenticular composite tube; Buckling
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Simulation Modeling and Evaluation of Aeronautical Composite Material
Production Line Layout Based on Plant Simulation

CUI Jing, LI Hui

(China Aviation Planning and Design Institute (Group) Co., Ltd., Beijing 100120, China)

[ABSTRACT] This essay studies the layout simulation evaluation technology of aeronautical composite production line,

and constructs the digital model of aviation composite material process flow and production line layout. Based on actual
projects of aeronautical composite materials digital production line, the simulation modeling and simulation experiment of
the process layout of composite production line are completed. Through simulation technology, the process layout design of
composite material production line has been quantitatively analyzed and demonstrated, so as to guide the instructand opera-

tion of composite production line.

Keywords: Aviation; Composite material production line; Production line layout; Simulation modeling; Evaluation
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Typical Defects and Causes Analysis of Automated Fiber Placement

YUAN Chongxin, LI Yan, PAN Jie, ZHAO Xinfu
(COMAC Beijing Aeronautical Science & Technology Research Institute, Beijing 102211, China)

[ABSTRACT] Automated fiber placement has been become the main manufacture method to produce airframes such as

wings and fuselages, thus the research about automated fiber placement is more and more popular. The paper focuses on the

common defects during automated fiber placement, including its types, its causes and its effects on mechanical properties.

In the first section, the worldwide research about automated fiber placement is reviewed. Firstly, the summary of common
defects in practical placement experiment of our team is introduced, and its possible causes are analyzed, and the research

object includes thermoset prepreg, dry fibers and thermoplastic materials. Secondly, a review about common defects in

automated fiber placement is introduced. Thirdly, the defects in steering analysis is studied. Fourthly, the layup quality of

automated fiber placement on curved panel is analyzed. Finally, the main defects in layup of sandwich structures is inves-

tigated, and the defects of dry fibers and thermoplastic prepreg are studied respectively. The introduction and summary

should be benefit for the quality improvement in the future automated fiber placement.

Keywords: Automated fiber placement; Defect; Fiber gap; Fiber overlap; Composites
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Table 1 Physical properties of domestic T800/603B laminate
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Table 2 Average value of prepreg joint strength under different pressure N
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Table 3 Result of Smm width prepreg joint strength test

FEHEACE /mm PSR E /N SFEI{E N
10 23.80 22.80 25.10 25.90 26.00 24.72
20 48.80 44.60 45.00 46.70 44.60 45.94
30 48.80 51.00 50.30 47.50 50.60 49.64
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Table 4 Result of 10mm width prepreg joint strength test

PEHAE /mm PR BEfE N S N
10 50.90 51.20 42.50 45.50 47.80 47.58
20 48.80 55.10 53.00 46.70 49.60 50.64
30 53.60 50.40 53.90 54.20 52.10 52.84
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Fig.5 Microstructure of prepreg tow edge after splitting
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Discussion on Trajectory Design Technology Based on Automated Composites
Fiber Placement Process

WANG Xianfeng', LIU Weiping®, LIANG Wenping*, JU Xiangwen', XIAO Jun*
(1. School of Materials Science and Technology, Nanjing University of Aeronautics and Astronautics,
Nanjing 210016, China;

2. Commercial Aircraft Corporation of China, Ltd., Shanghai 200210, China)

[ABSTRACT] During the process of automatic fiber placement, aiming at the technological defects such as fiber folding
and delamination in laying of resin-based fiber reinforced composites, this paper emphasizes on the advantages and disad-
vantages of different trajectory design methods (fixed angle, geodesic line, variable curvature) in technological defects. The
different trajectory planning methods are compared. Finally, a trajectory design method for different surface characteristics
and different wire laying process requirements is given.

Keywords: Composite material; Fiber placement process; Trajectory design; Defect Supperession
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Research on Slitting Property of Prepreg Tow Applied in Automated Fiber

Placement for Grid

HUANG Xiaochuan, ZHANG Jianbao, ZHAO Wenyu, LIU Yongjiao, WANG Junfeng,

SUN Hongjie

(Aerospace Research Institute of Material & Processing Technology, Beijing 100076, China)

[ABSTRACT] According to the characteristic of prepreg tow applied in grid automatic fiber placement, the prepreg by do-
mestic T800/603B is slit into tows which is suitable for mesh laying width according to grid size. Taking slitting width of 5mm
and 10mm prepreg tow for example, the preparation technology of which was researched. In addition the accuracy of slitting
width, the strength of overlap joint and damage situation of slitting prepreg tow edge were studied. Results showed that differ-
ent widths of the tows cut out can meet the requirements of prepreg tow applied in grid automated fiber placement.
Keywords: Automated fiber placement into grid; Prepreg tow slitting; Accuracy of slitting width; Strength of overlap joint;
Damage situation of slitting prepreg tow edge
(Tt K#)
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Table 2 Horizontal average each point forming ratio (synthetic)

iR o
& -300/mm | -200/mm | -100/mm 0/mm 100/mm | 200/mm | 300/mm
1# M 0.216 0.380 0.447 0.716 0.495 0.356 0.171
1# YAl 0.123 0.358 0.429 0.479 0.576 0.334 0.264
84 M| 0.223 0.632 0.616 0.889 0.618 0.669 0.402
81t Hh I 0.217 0.220 0.669 0.767 0.662 0.393 0.224
R3 ERYMEETFEHBFLL (FE@ITLL )
Table 3 Horizontal average each point forming ratio (vertical)
T rp A g
J7' 17
-400/mm | -300/mm | ~200/mm | —100/mm | O/mm | 100/mm ' 200/mm  300/mm | 400/mm
1# #1) | 0.483 0.356 0.407 0.331 |0.279| 0.307 | 0461 & 0526 | 0.427
WY\ | 0.408 0.357 0.340 0.359 | 0.364 0.317 0.361 0.452 0.419
8# i | 0.472 0.580 0.608 0.679 | 0.623 | 0.588 0.576 0.563 0.517
8#Y\In] | 0.471 0.444 0.443 0.418 | 0.415 0.393 0.472 0.488 0.507
T 0.590 0.555 0.538 0.511 | 0.506 | 0.494 0.528 0.552 0.570
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Research on Springback of Invar Alloy Smooth Composite Mould Plate
Stamping Process

LI Yuyang', ZHAO Anan', ZHANG Likang', YANG Chao', HUANG Chaoyan®, HU Yong®

(1. AVIC Aircraft Co., LTD., Xi’an 710089, China;
2. School of Transportation, Wuhan University of Technology, Wuhan 430063, China)

[ABSTRACT] To predict the springback of double curvature plates is difficult. Springback has negative effects on form-
ing efficiency and quality. A series of experiments were carried out to study the springback problem of Invar alloy smooth
mould plate forming process based on the flexible square pressure head technique. The experiment aimed at punching dif-
ferent sail and saddle shaped plates. Due to the complexity of the forming mechanical state of the equipment, springback
has certain uncertainties, but there are clear rules: The distance from the edge of the plate has an important impact on the
springback, the springback of plate at middle position is obviously smaller than the edge; The larger the curvature is, the
springback is smaller, but not stable; The springback of saddle shape is smaller than that of the sail shape. The results are
useful to guide the forming of smooth sheet products with uniform deformation by flexible die.

Keywords: Composite; Invar alloy mould plate; Springback; Adjustable mould; Forming experiment
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Effect Factors on Curing-Induced Distortion of C/L Composite Structures in
Manufacturing Processing

YANG Qing %, WEI Yuanping"?, LIU Weiping®
(1. Shanghai Superior Die Technology Co., Ltd., Shanghai 201209, China;
2. Shanghai Engineering Research Center of Advanced Automotive Body Manufacturing, Shanghai 201209, China;
3. COMAC Shanghai Aircraft Manufacturing Co., Ltd., Shanghai 200436, China)

[ABSTRACT] Curing-induced distortion in manufacturing processing, which is related to many different effect factors,
has important influence on the dimensional accuracy of composite parts. The different effect factors can be classified as
intrinsic or extrinsic factors. For intrinsic factors, these are with respect to material properties, stacking sequence of plies
and geometry of structures, whereas extrinsic factors are generally related to the art of curing process and tooling proper-
ties. These factors could bring structures the process-induced residual stresses that will lead to the distortion after parts de-
tooling. Through observing the current research results, the effects of these different factors on curing-induced distortion
are concluded, then we can use these conclusions as the basis to predict and control the distortion of composite parts.

Keywords: Composite structures; C/L; Curing process; Curing-induced distortion; Effect factor
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