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ABSTRACT

When we confront the modern development of industry and aviation, the rate between Composite Material and parts has

heightened tremendously. There for replacing metal material with Composite Material is the tendency of industry nowadays. As for

the present Composite Material production procedure, it is divided into 2 parts --- structural analysis and structural design. In the

overall design and production process of Composition Material, the process of stacking sequence has quite important proportion.

The occurrence of Delamination destruction is due to the problems such as Poisson''s ratio difference and shear stress coupling.

Because the material quality of each level is not correspondent, it caused gradient method variation of free stress. If we can find out

the relation between the sequence of stacking angle and Delamination or the factors that could intensify the power against

exfoliation, then we can make it as the best basis of stacking angle. In our research, the Heuristic Algorithms which include Genetic

Algorithm、Double Genetic Algorithm and Hybrid Mutation Genetic Algorithm had been chosen to find the best stacking sequence

order of Composite Material stacks. As for the stress analysis, we adopt the analytic software-ANSYS Finite Element method to

analyze the relation between different stacking angle and Interlaminar Stresses. We use Best Search Method to rapidly search for the

best stacking arranging combination from the possibility of all stacking angle combination. We can set up automatic stacking

arranging process and use it to replace artificial stacking arranging. In this way, we can shorten the manpower and working hours of

Composite Material design and increase the reliability of Composite Material stacking structure.

Keywords : Heuristic Algorithm ; Genetic Algorithm ; Double Genetic Algorithm ; Hybrid Mutation Genetic Algorithm

Table of Contents

封面內頁 簽名頁 授權書 iii 中文摘要 iv Abstract vi Acknowledgements viii Table of Contents ix Table of Figures xii Table of

Tables xiv Chapter 1. Introduction 1 1.1 Background and Motivations 1 1.2 Objectives of Research 2 1.3 Introductions of Forming

Machine 3 1.4 Procedures of Research 4 1.5 Outlines of This Thesis 7 Chapter 2. Paper Review 8 2.1 Literatures Review of

Interlaminar stresses 8 2.2 Literatures Review of Heuristic Algorithm 10 2.2.1 Classical Genetic Algorithm (CGA) 11 2.2.1.1

Encoding 12 2.2.1.2 Initial Population 12 2.2.1.3 Fitness Function 13 2.2.1.4 Reproduction 14 2.2.1.5 Crossover 14 2.2.1.6

Mutation 17 2.2.1.7 Process Procedure 18 2.2.2 Double Genetic Algorithm (DGA) 20 2.2.3 Hybrid Mutation Genetic Algorithm

(HMGA) 22 Chapter 3. Analysis of Laminated Composite 24 3.1 Analytical Model of Laminated Composite 24 3.1.1 Classical

Lamination Theory 24 3.1.2 Free-Edge Stresses 25 3.1.3 Approximate Free-Edge Analysis 26 3.2 The Failure Criterion a of

Laminated Composite Plate 29 3.2.1 Strain Energy Theory 29 3.2.1.1 Distortion Energy Theory 30 3.2.1.2 Tsai-Hill Failure

Criterion 31 3.2.2 Polynomial Expression Theory 34 3.2.2.1 Tsai-Wu Failure Criterion 34 Chapter 4. Simulation and Optimization

39 4.1 Simulation in Finite Element Method 39 4.1.1 Boundary Condition 42 4.1.2 Pressure load 43 4.2 Reduction of FE Model 45

4.3 Sample Examples 47 4.3.1 CGA 48 4.3.2 HMGA 54 4.3.3 DGA 60 Chapter 5. Numerical Examples 67 5.1 System Information

and Objective Function 67 5.2 Application to a Rectangle Plate 67 5.2.1 Symmetric Laminate [±45, 0, 90]s 67 5.2.2 Symmetric

Laminate [±30,±45,0,90]s 69 5.2.3 Symmetric Laminate [±45, 0, 90]2s 70 5.2.4 Symmetric Laminate [±45,0,90]4s 72 5.3

Application to a Sandwich Plate 73 Chapter 6. Conclusions and Future Works 77 6.1 Conclusions 77 6.2 Recommendations for

Future Works 78 References 80

REFERENCES

1] R.B., Pipes, and N.J., Pagano, “Interlaminate Stresses in Composite Laminates under Uniform Axial Extension,” J. Composite Materials,

pp538-548, October 1970 [2] R.B., Pipes, and N.J., Pagano “The Influence of Stacking Sequence on Laminate Strength,” J. Composite

Materials, pp 50-57, January 1971 [3] Rybicki, E.F., “Approximation Three-Dimensional Solutions for Symmetric Laminates under In-Plane

Loading,” J. of Composite Materials, Vol. 5, pp. 354-361, 1971 [4] Wang, A.S.D., and Crossman, F.W. “Some New Results on Edge Effect in

Symmetric Composite Materials,” J. of Composite Materials, Vol. 11, pp.92-106, Jan. 1977 [5] Kassapoglou, C. and Lagace, P.A., ”An Efficient

Method for the Calculation of Interlaminar Stresses in Composite Materials,” J. of Applied Mechanics, Vol. 53, pp.744-750 , Dec. 1986 [6] Lin,



C. C., Hsu, C. Y. and Ko, C.C., “Interlaminate Stresses in General Laminates with Straight Free Edges,” J. of AIAA, Vol. 33, No. 8,

pp1471-1476, Aug. 1995 [7] Wang, B. P. and Costin, D. P., “Optimum Design of a Composite Structure with Three Types of Manufacturing

Constraints,” AIAA Journal, , pp 1667-1669, Sept. 1991 [8] Tsau, L. & Liu, C. “A ComMparison between Two Optimization Methods on the

Stacking Sequence of Fiber-Reinforced Composite Laminate,” Computers & Structures, Vol. 55, No. 3, pp 515-525, 1995 [9] Tsau, L., Chang,

Y., & Tsao, F., “The Design of Optimal Stacking Sequence for Laminated FRP Plates with Inplane Loading,” Computers & Structures, Vol. 55,

No. 4, pp 565-580, 1995 [10] Kim, C.W., Hwang, W., Park, H. C., & Han, K.S., “Stacking Sequence Optimization of Laminated Plates,”

Composite Structures, Vol. 39, No. 3-4, pp 283-288, 1997 [11] Deng Shigan, Lai, H.Y. ”The optimization of ply stacking sequence for composite

laminate plate with constant thickness”, 02, 2001 [12] G. R. Irwin and J. A. Kies, Weld. J. Res. Suppl., vol. 33, p. 1935, 1954.�

[13] Hoffman, “The Brittle Strength of Orthotropic Materials”, J. Composite Materials, Vol. 1, pp. 200-206, 1967 [14] Tsai, S.W. and Wu,

E.M., “A General Theory of Strength for Anisotropic Materials”, J. Composite Materials, Vol. 5, pp. 58-80, 1971 [15] Burk, R.C., “Standard

Failure Criteria Needed for Advanced Composites,” Astronautics and Aeronautics, Vol. 21, pp. 58-62, 1983.�

[16] Park, J. H., Hwang, J. H., Lee, C. S. and Hwang. W., “Stacking sequence design of composite laminates for maximum strength using genetic

algorithms”, Computers and Structures, 52, 217-231, 2001 [17] Deng, S. and Lai, H. Y.,” Genetic Algorithms in the Optimal Stacking

Sequence of a Composite Laminate Plate with Constant Thickness”, 2003, 07.�

[18] Mnc, A. and Gurba, W.,”Genetic algorithms and finite element analysis in optimization of composite structures”, Composite Structures, 54,

275-281 ,2001 [19] Gantovnik, V. B., Gurdal, Z. and Watson, L. T.,”A genetic algorithm with memory for optimal design of laminate sandwich

composite panels”, Composite Structures,58, 513-520, 2002.�

[20] Smith, R. E. ”A technique for the multi-objective optimization of laminated composite structures using genetic algorithms and finite element

analysis”, Composite Structures, 62, 123-128, 2003 [21] Lin, Ching-Chieh, “Stacking sequence optimization of laminated composite structures

using genetic algorithm with local improvement” Composite Structures, 63, 339-345, 2004 [22] Lo, ” An Approach of Hybrid Genetic

Algorithm in Open Shop Scheduling”, 07, 2003 [23] K. Katayam et al. “The Efficiency of Hybrid Mutation Genetic Algorithm for the

Traveling Salesman Problem” Mathematical and Computer Modeling, 31, 197-203, 2000 [24] Maenghyo Cho*, Heung Soo Kim, “Iterative

free-edge stress analysis of composite laminates under extension, bending, twisting and thermal loadings”, International Journal of Solids and

Structures, 37, 435±459 , 2000 [25] N.K., Naik et al. “Polymer-matrix composites subjected to low-velocity impact effect of laminate

configuration” Composites Science and Technology, 61, 1429-1436, 2001 [26] Z. Zou. et all “Application of a delamination model to laminated

composite structures” Composite Structures, 56, 375-389, 2002 [27] Huang, Yingging, et al. “Bending analysis of composite laminated plates

using a partially hybrid stress element with interlaminar continuity” Computers and Structures, 80, 403-410, 2002 [28] AD, Coley “An

introduction to genetic algorithms for scientist and engineers. River Edge, NJ: World Scientific; 1999 [29] Ali, Nicholas “Applicability and

viability of a GA based finite element analysis architecture for structural design optimization” Computers and Structures, 81, 2259—2271, 2004

[30] Lin, Ching-Chieh “Stacking sequence optimization of laminated composite structures using genetic algorithm with local improvement” ,

Composite Structures, 63, 339—345, 2004 [31] J.M., Whitney, , “Free-Edge Effects in the Characterization of Composite Materials,” Analysis

of the Test Methods for High Modulus Fibers and Composites, ASTM STP 521, American Society for Testing Materials, pp. 167-180, 1973 [32]

CHAN, WEN S., “Fracture and Damage Mechanics in Laminated Composites”, University of Texas at Arlington, Texas


