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Fig.1 Typical curing deformation structure
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Fig2 Spring-in angle of unidirectional and quasi-isotropic laminates
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Fig 3 Effect of different ply orientation on spring-in angle with varying temperature
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Fig.5 Effect of different thickness of laminate part on warpage value
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Fig.6 Relationship between warpage value and thickness
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Fig.7 Schematic model configuration of tool and spring-in angle
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Fig.13 Schematic of cure cycle and effect of cure cycle on spring-in
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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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