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Design of Composite Laminates
Using Expert System and Enumeration Method

*

Jung-Seok Kim*, Chun-Gon Kim**, and Chang-Sun Hong”

ABSTRACT

This research aims to develop an expert system for the optimal stiffness design of composite
laminates. The optimal stiffness design of composite laminates was performed under the constraint
that the strain of a composite laminate does not exceed a required strain and design heuristics. For
optimal stiffness design, the optimal design of stacking sequence was performed by enumeration
method, expert systern shell CLIPS and classical laminate theory. The optimum stacking sequence
combination was obtained by using the discrete ply angles such as 0°, £45° and 90° and the
design heuristics for stacking sequence design. In this expert system, the design heuristics were
stored in the knowledge base of the CLIPS. The present results showed good agreements with the
previous studies. The total number of plies in the optimized laminate could be reduced when to be
compared with the non-optimized laminates.
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Fig. 1. Design knowledge to avoid the same kind of plies
successively more than 4 plies
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L V
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(x,y,z) : Lominate coordinate

o : Fiber ongle

Fig. 8. Definitions of fiber angles

Table 1. Material properties of graphite/epoxy T300/N5208

Properties Values
Elastic modulus in fiber—direction, E, 181 GPa
Elastic modulus in transverse—direction, E> 10.3 GPa
Shear modulus, G2 7.17GPa
Poisson’ s ratio vi2 0.28
Ply thickness 0.125mm

between adjacent plies must

between adjacent plies must

not exceed 45° not exceed 45°
4 Avoid grouping similar plies | Avoid grouping similar plies
5 Avoid grouping 90° plies | Avoid grouping 90° plies
6 A minimum of 10% of the A minimum of 10% of
fibers should be oriented in the fibers should be
each direction oriented in each direction
7 Avoid locating plies with

fibers oriented perpendicular
to a free edge at the laminate
midplane

Table 3. Design results under inplane loading and moment
(Ny=150, Ny=20, Nyy=0 {(kN/m), M;=0.9, My=0.1, Myy=0 (Nm/m))

Methods Stacking sequence |No.of ply| Cost function
SDA [05/30/0/—30/0; s 16 1.735
Present [05145/90/—45/0,)s | 16 1.294
Quasi-isotropic |, [(—45/0/45/90);)s | 24 0.783
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Table 4. Design results under inplane loading and moment
{Nx=150, Ny=100, Nyy=0 (kN/m}, Mx=0.9, My=0.7,

Mey=0 (Nm/m))

Methods Stacking sequence No. of ply | Cost function
SDA [H5/03045,/6090-601-30-45) ) 20 1.569
BBA  |[0-45/90145/30045/90-45/-30)| 18 2.200

[(-45/0/45190)s); 24 0692

Quasi-isotropic

Table 5. Design results under bi~-axial loading
{Nx=210, Ny=140, Nxy=0 (kN/m))

Methods Stacking sequence No. of ply | Cost function
SDA [45730745,/0/-45/-307-45, ), 18 1.221
BBA [0445/90,-45]; 16 1.580

[(-45/0/45/90)3], 24 0.789

Quasi~isotropic
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Table 6. Design results under uniaxial loading{Nx=250 (kN/m))

Stacking sequence

No. of ply | Cost function

[(0190)g]s 24 0.875
[(-45/0145/90)4]. 36 0.754

Cross-ply
Quasi-isotropic
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Table 7. Design results under inplane loading and moment
(Na=1 (MN/m), Ny/Ny=Ney/Ny, Me=My=0.1, Myy=0 (Nm/m))

Ny/N, Stacking sequence No. of ply
0.1 [0/45/901 —45/03] 14
0.2 [0r45/90/ —45/05] 14
03 [0/ —45/90/455/0/ —45] 14
0.4 [45/907 —45/0/45/0/ —45] 5 14
0.5 [45/0/45,/90/ — 453] s 16
0.6 [45/0/45,/90/ —453] s 16
0.7 [45/0/ —45,190/45,/90/ —45] s 18
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Table 8. Design results under inplane loading and moment
(Nx=1 (MN/m), Ny/Ne=—Ny/Ny, Me=My=0.1, Myy=0 (Nm/m))

Ny/Ny Stacking sequence No. of ply
0.1 {0/45/90/ —45/03] 5 14
0.2 [0/45/90/ — 45/05]; 14
0.3 [0/45/90/ —45/03] s 14
0.4 [0/ —45/907455/0/ —45/0] 16
0.5 [0/ —45/90745,/0/ —45/0] s 16
0.6 [0/ —45/90/0/45 /0! — 45/0/ ~45] 20

Table 9. Design results under inplane loading and moment
{Nx=1 (MN/m}), Ny/Nx=Nxy/Nx=0.1, Mx=My, Mxy=0 (Nm/m})

Ny/Ny Stacking sequence No. of ply

0 [05/45/90/ —45], 12
0.1 [0/45/90/ —45/0s] 14
0.2 [0/ —45/90/45,/0/ —45] 14
0.3 [0/ —45/90/45,/0/ —45] 14
0.4 [0/ —45/90/45,/0/ —45/0] 16
0.5 [0/ —~45/90/45,/0¢ —45/0] 16
0.6 [07—45/90/45,/90/ —45/0;] s 18
0.7 [0/ —45/90/45,/90/ —45/0,] 18

< & At

L B3 3R Fol3 epgzia a7zstdlA
A9 F9 AFEAE AT F de AR A
2HE 3R o] Al2dle E3A F2E] dA
Al Adse ZFEHd AAF EFA 7B A
qFE A4 2 A4FE B Lol AAAZE o
£3lo] ojalzle Ao 4™ AR AZLA
o 2L Ze AF%E A%t

2.8 d7eA dE Aage o8 B¥HsH
o AN 7189 2 2 dAskx Jen $YT
FoolA 71Ee A vls) ERPTE #AaAE £
AN HH3} HA g AZ Wi Fo ALE
B3 74 2 v 8 538 Vg & Atk

3. ERASRY A HFA 4ARNZY 28
o3 $H4Ee] dANA & Aol 38 E F
Ao eA FHEY ZANE o dF A%y
ol ¥ A3uL 4AE + ANk

4. FF dFXe 2o gdd 35 g JsEEd
274 Mg AAAAE FPsn AAAFean A
A Azl AR A48 F e FHHE Y5t
7198+ 31& Ao Jgdc.



#1114 H24 19984

AE7E Aagds yEilE ol 83 3350 44 57

FzEd

1. Schmit, L. A. and Farshi, B., “Optimum Lam-
inate Design for Strength and Stiffness,” Int. J. for
Numerical Methods in Engineering, Vol. 7, 1973,
pp. 519-536.

2. Liao, D. X., Sung, C. K. and Thompson, B.
S., “The Optimal Design of Symmetric Laminated
Beams Considering Damping;,” JCM, Vol. 20,
Sept., 1986, pp. 485-501.

3. Kam, T. Y. and Lai, F. M., "Maximum Stiff-
ness Design of Laminated Composite Plates via a
Constrained Global Optimization Approach,”
Composite Structures, Vol. 32, No.4, 1995,
pp.391-398.

4. Webber, J. P. H. & Morton, S. K., “An Expert
System for Laminated Plate Design Using Com-
posite Materials,” Comput. & Struct., 37(6), 1990,
pp- 1051-1067.

5. Wu, C. M. L., Webber, J. P. H. & Morton, S.
K., “A Knowledge Based Expert System for Lam-
inated Composite Strut Design,” Aeronautical J.,
95(941), 1991, pp. 1-20.

6. Wu, C. M. L., “Bolted Joints in a Laminated
Composite Strut Design Expert System,” Com-
posite Structures, 22, 1992, pp. 63-85.

7. Akira Todoroki, Naonobu Sasada & Mit-
sunori Miki, “Object-Oriented Approach to Opti-
mize Composite Laminated Plate Stiffness with
Discrete Ply Angles,” JCM, Vol. 30, No. 9, 1996,
pp. 1020-1041.

8. Military Handbook 17, Vol. 3, Department of
Defense and Federal Aviation Administration,
1996.

9. Composite Design Manual, Bell Helicopter

TEXTRON.

10. Northrop Composite Design Manual,
Northrop Coporation.

11. D. H. Middleton, Composite Materials in
Aircraft Structures, John Wiley & Sons, Inc., New
York, 1990.

12. Carl T. Herakovich, “On the Relationship
Between Engineering Properties and Delamina-
tion of Composite Materials,” JCM, Vol. 15, July,
1981, pp. 336-348.

13. Carl T. Herakovich, “Influence of Layer
Thickness on the Strength of Angle-Ply Lami-
nates,” JCM, Vol. 16, May, 1982, pp. 216-227.

14. D. M. Kim and C. S. Hong, “A simple Sub-
laminate Approach to the Design of Thick Com-
posite Laminates for Suppression of Free-edge
Delamination,” Composites Science and Technol-
ogy, Vol. 43, 1992, pp. 147-158.

15. K. J. Duffy and S. Adali, "Design of Anti-
symmetric Hybrid Laminates for Maximum Buck-
ling Load:Il. Optimal Fiber Orientation,” Com-
posite Structures, Vol. 14, 1990, pp. 49-60.

16. K. J. Duffy and S. Adali, "Design of Anti-
symmetric Hybrid Laminates for Maximum Buck-
ling Load:I1. Optimal Layer Thickness,” Compos-
ite Structures, Vol. 14, 1990, pp. 113-124.

17. S. Adali and A. Richter, “Optimal Design of
Hybrid Laminates with Discrete Ply Angles for
Maximum Buckling Load and Minimum Cost,”
Composite Structures, Vol. 32, 1995, pp. 409-415.

18. CLIPS User's Guide, Artificial Intelligence
Section, NASA/Johnson Space Center, 1993.

19. CLIPS Basic Programming Guide, Artificial
Intelligence Section, NASA/Johnson Space Cen-
ter, 1993.



