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Stacking Sequence Optimization of Composite Laminates for Railways
Using Expert System

Jung-Seok Kim

Abstract

This paper expounds the development of a user-friendly expert system for the optimal stacking sequence design of
composite laminates subjected to the various rules constraints. The expert system was realized in the graphic-based
design environment. Therefore, users can access and use the system easily. The optimal stacking sequence is obtained
by means of integration of a genetic algorithm, finite element analysis. These systems were integrated with the rules
of design heuristics under an expert system shell. The optimal stacking sequence combination for the application of
interest is drawn from the discrete ply angles and design rules stored in the knowledge base of the expert system.
For the integration and management of softwares, a graphic-based design environment that provides multi-tasking and

graphic user interface capability is built.

Keywords : Expert system(ZH57} A|28l), Genetic algorithm(-F-%12} ¢F18]E), Design rules(d7]512}), Composite
laminates(&-&H 2] Z-7), Train carbody(d =g 2A)
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Table 1. Material property of HFG CU-125NS graphite/epoxy

Properties Values
Elastic modulus in fiber-direction, El 1354 GPa
Elastic modulus in transverse-direction, E2 10.0 GPa
Shear modulus, G12 4.85 GPa
Poisson’s ratio y 12 0.31
Ply thickness 0.125 mm
Tensile strength in fiber direction, XT 1933 MPa
Compressive strength in fiber direction, Xc 1051 MPa
Tensile strength in transverse direction, YT 51 MPa
Compressive strength in transverse direction, Yc | 141 MPa
Shear strength, S 61 MPa

Table 2. Result of maximum strength design of composite lami-
nate under uniaxial loading, P=500MPa

Stacking | Objective
Sequence | Function

00 00 00 00 00 00 00 00 [Og]s 0.27 2

Best Final Chromosome

*: Generation when best chromosome obtained
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Design Heuristics

Best final chromosome

Stacking sequence

Obj.

CASE1

- Symmetry

- Balance

- homogeneous stacking sequence

- Minimize grouping of the same orientation plies
- Separate +0 plies

- Avoid grouping of 90° plies

- The difference of ply angle between adjacent plies must not exceed 45°

0111010000001010

[45/90/45/05/-45,]s

0.66

CASE2

- Symmetry

- Balance

- Minimize grouping of the same orientation plies
- Grouping +0 plies

- Avoid grouping of 90° plies

0110110000110000

[£45/90/02/90/0z]s

0.51

Quasi-isotropic

[(0/45/90/-45)2]s

0.85

[02/45,/90,/-45,]s

1.0

Table 4. Design results under uniform pressure P=0.5 MPa(All side simply supported)

Design Heuristics
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Stacking sequence
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- Avoid grouping of 90° plies

- The difference of ply angle between adjacent plies must not exceed 45°
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- Symmetry

- Balance

- Minimize grouping of the same orientation plies
- Grouping +6 plies

- Avoid grouping of 90° plies
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0.37
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[(0/45/90/-45),]s

0.73
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(a) Simply supported. (b) Clamped.

Fig. 9. The boundary conditions and the geometry of the plates.
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Table 5. Bending-twisting coupling stiffness and interlaminar normal stress for design results.

AARA W FSEAGS Kol )
4.8E
# ATo|AE AmHof 382 913) BaaFwY X
Ao A7) 918 ALgA B A (user-friendly) S 23

BE7E ALE 5ol it ¢

@

)

=
=
1>
2
o
el

|29, A o

SUNSHY NBEN N

M52 2005¥ 417

2] A A2

350 vlsh e

& s

=

VISUAL C++3}
: (184 Belge =

7Fs gt Am=ol

a;o}oa Amv} fdrﬂ dste H2E A
AA AL7Pss
o] FoiA AT QL2 ATIA =

& H4e) 31 A A3EAE AT 4 s 48

2
e
1o
)
rd

ARNYES AT 27102 st

90°, +45° 02 ;um RIS RAE SN

27} 288 oI o Al“"él‘” 5
A T A 48HE 7
FaE) o chert s 2

Boundary conditions Design results Stacking sequence Obj. function D16=D26(Nm) (o, )max(MPa)
CASE1 [45/90/45/03/-45,]s 0.66 10.4 21.38
CASE2 [£45/90/02/90/02]s 0.51 1.73 23.29
Clamped
Quasi- [(0/45/90/-45 )]s 0.85 3.45 24.79
isotropic [02/45,/90/-453]s 1.0 5.92 25.11
CASEI1 [45/90/-455/90/45,]s 0.5 -0.49 3.88
CASE2 [-45/45/(+45 )]s 0.37 0.49 3.4
Simply supported
Quasi- [(0/45/90/-45),]s 0.73 345 6.0
isotropic [02/45,/90,/-455]s 1.0 5.92 20.27
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