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Presentation outline

▲ Introduction

▲ Composite layup rules

▲ Optimization strategies studied:
• Smeared stiffness-based method

• Lamination parameter-based method

▲ Ply blending scheme 

▲ Wing box example

▲ Discussion



Issues in optimization of 
laminated composite panels
▲ A modern aircraft structure (e.g. wing box) consists of many 

composite panels.
▲ Weight, structural performance and manufacturability are the primary 

drivers.
▲ Stacking sequence of the laminas is vital for obtaining the required 

mechanical characteristics such as bending and buckling behaviour.
▲ Blending (also referred to as ply compatibility) of plies in the adjacent 

panels is a very important consideration in the design of composite 
structures, it is the focus of this study.
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▲ Laminates with ply orientations of 0, 90, 45 and -45 degrees are 
used.

▲ The stack is symmetric and balanced, i.e. the number of 45º and -45º
plies is the same in every component.

▲ Due to the damage tolerance requirements for the skin at least one 
set of ±45º plies is placed on the outside.

▲ The number of plies (Nmax) of any one orientation placed sequentially 
in the stack is limited to four.

▲ A 90º change of angle between two adjacent plies is to be avoided, if
possible.

▲ For every ply angle its percentage in the total stack ≥ 10%.

Composite layup rules



Smeared stiffness-based 
method (SSBM) concept

▲ Smeared stiffness-based method aims at neutralizing 
the stacking sequence effects on the buckling 
performance by considering homogeneous stacks with 
smeared properties.  Hence all matrices can be 
calculated without knowing the stacking sequence:
• D = A*t2/12 
• B = 0

▲ Recently introduced in Altair’s OptiStruct.
▲ In this work Ansys was used for the FE analysis.
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▲ Global level optimization problem

• Objective function: weight

• Design variables per panel:  

• Constraints:
− Strain:

− Buckling:

− Ply orientation percentages ≥ 10%
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SSBM: Global level 



(a) Global level
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• The software mimics what a composite 
designer does.

• The outside layers of the stack consist of 
layers of ±45° plies. 

• The 0° and 90 layers are distributed 
throughout the stack as homogeneously as 
possible.

• Layer of 0° or 90° can be placed between 
the +45° and –45° plies in a ±45° couple.

• At most, two plies of the same orientation 
(0° or 90°) can be placed next to the mid-
plane.

• In this work, the ply shuffling procedure is 
linked to the ply blending scheme.

SSBM: Local level 

▲ Local level stack arrangement by Altair’s HyperShuffle



Lamination parameters-based 
method (LPBM)
▲ Concept

• Lamination parameters, together with material parameters, 
allow to calculate the stiffness matrixes A and D
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▲ Lamination 
parameters:
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▲ Global level optimization problem

• Objective function: weight

• Design variables per panel:  

• Constraints:
− Strain:

− Buckling:

− Feasibility of lamination parameters

− Ply orientation percentages ≥ 10%
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LPBM: Global level 
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LPBM: Local level optimization
▲ Local level optimization procedure

• Stacking sequence is obtained by a permutation GA (permGA) 
that matches the target lamination parameters from the top level
by the lamination parameters        computed in the local level 
optimization subject to the composite layup rule constraints.

• Calculation of lamination parameters is linked to the blending 
scheme, it is done separately for groups of layers that are shared 
between  panels.

• PermGA is used repeatedly for all sub-stacks that are considered 
in the  the ply blending scheme.
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LPBM: Flow chart at local level
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Flow chart of the panel stacking sequence optimization 
process at local level



Blending requirement
▲ Blending (or compatibility) of plies in the adjacent panels 

is a very important consideration in the design of 
composite aircraft structures.

▲ Related research
• Liu and Haftka (2001) defined the composition continuity and the 

stacking sequence continuity measures. Toropov et al. (2005) 
used this approach for optimization of aeronautical composite 
components.

• Gürdal's group (since 2002) developed two blending methods, 
inward and outward blending, to improve the ply continuity 
between adjacent panels using a guide based GA.

• Liu and Krog (2008) developed a card sequence approach to 
identifying a laminate stacking sequence in individual wing panels 
satisfying inter-panel continuity constraints.



▲ Shared Layers Blending procedure
1) Ranking of all panels in terms of the numbers of plies of each angle 

is performed.
2) For each ply angle, the minimum number of plies (out of all panels) 

is selected. This set of three ply numbers (for 0°, 90° and ±45°
plies) defines the first set of layers shared among all panels. 

3) The first set of shared layers is placed outermost in the stack and 
its stacking sequence is arranged using either SSBM or LPBM.

4) In the thinnest panel, finding the remaining layers (after the first set 
of shared layers has been dealt with), these will go through the
local blending at the final stage.

5) Next, for the remaining layers of all the panels, except the thinnest 
panel, the same procedure is applied as at the first stage. This is 
repeated until the last panel is considered. 

6) Finally, for the adjacent panels common remaining layers are 
determined and local blending is performed. 

Blending scheme



Blending scheme: Flow chart



40/17/735/14/929/6/12Number of plies
(                   )

123Panel number

90450 // nnn

Blending procedure example
▲ Blending with LPBM

1) The first set of shared layers is
for all three panels.

2) Panel 3 is the first (thinnest) panel.
3) Shuffling first set of shared layers to match 

the lamination parameters for panel 3. 
4) The second shared set for the panels 1 

and 2 is 
5) Shuffling second set of shared layers to 

match the difference in the lamination 
parameters for panel 2.

6) Local blending between panel 2 and panel 
3:

7) Shuffling third set of shared layers to 
match the difference of lamination 
parameters for panel 2.

8) Remaining layers for panel 1
and 3 are added and shuffled.

7/6/29// 90450 =nnn

0/8/6// 90450 =nnn

1st set of shared layers 2nd set of shared layers 
3rd set of shared layers Remaining layers 

Panel 3 Panel 2 Panel 1

Thickness direction

Mid-plane

2/0/0// 90450 =nnn

Panel 2 Panel 1

Thickness direction

With blending requirement

11/11/06/8/20/0/5Current remaining 
layers

5/3/00/0/20/0/5
Current remaining 

layers

0/0/00/0/3 5/3/0
Current remaining 

layers



Calculation of lamination parameters 
in the blending scheme

Determining stacking sequence of plies at local level
1) Stacking sequence for the first set of shared layers is obtained by the 

permutation GA to match the lamination parameters for the thinnest 
panel that came from the top level optimization subject to layup rules. 

2) Following step 1, the values of lamination parameters corresponding 
to the first set of shared layers in each of the remaining panels are 
calculated.

3) Second set of shared layers is determined by the same blending 
scheme.

4) Stacking sequence of the second set of shared layers is determined 
by matching the lamination parameters for the next thinnest panel that 
came from the top level optimization minus the values already 
calculated for first set of shared layers.   

5) Repeating the above procedure until the last set of shared layers is 
considered.

6) Summing up lamination parameters that contributed from the sets of 
shared layers for each panel. 

7) Stacking sequence of remaining layers in each panel is determined by 
minimizing the difference between the lamination parameters from the 
top level and the ones summed up in the blending scheme.



Blending: Stack repair
▲ Problem stack and its repair

• Problems
− The group of remaining layers in the panel 3 consists only of five 90 

degree plies that violates the ply composition rule. 
− The total number of plies in the second set of shared layers 

truncated between the adjacent panels 2 and 3 can be considered 
too large (                               , 22 plies). 

• Solutions
− Reserving some layers from the first set of shared layers will help 

avoiding more than four plies of the same angle placed together.
− The number of plies in the second set of shared layers can be re-

adjusted to satisfy the requirement on the ply drop-off. 

0/8/6// 90450 =nnn
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3rd set of shared layers Remaining layers 

Panel 3 Panel 2 Panel 1
Thickness direction
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Wing box example

Geometry of the wing box
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▲ Geometry
▲ Material properties
▲ Boundary conditions

• Four point loads at free end 
• Fixed at the root of the wing

▲ Three optimization problems



▲ Smeared stiffness-based method 
▲ Lamination parameter-based method

Top level optimization

Top level optimization

Local level optimization

Local level optimization

Problem with two designable 
substructures

5Liu, B., Haftka, R.T. and 
Akgun, M.A. Two-Level 
composite wing structural 
optimization using response 
surface,SMO, 20, 87-96,  2000



▲ Smeared stiffness-based method
• Top level optimization

▲ Lamination parameter-based method
• Top level optimization

Problem with six designable 
substructures

1st buckling mode for discrete optimal design

1st buckling mode for discrete optimal design



▲ Smeared stiffness-based method
• Local level optimization

▲ Lamination parameter-based method
• Local level optimization

Problem with six designable 
substructures

1st buckling mode for discrete optimal design

1st buckling mode for discrete optimal design

2nd buckling mode for discrete optimal design



▲ Smeared stiffness-based method
• Top level optimization

▲ Lamination parameter-based method
• Top level optimization

1st buckling mode for discrete optimal design

Problem with nine designable 
substructures

1st buckling mode for discrete optimal design



▲ Smeared stiffness-based method
• Local level optimization

Problem with nine designable 
substructures

2nd buckling mode for discrete optimal design

1st buckling mode for discrete optimal design



▲ Lamination parameter-based method
• Local level optimization

Problem with nine designable 
substructures

Stacking sequence

1st buckling mode for discrete optimal design



▲ Advantage
• Avoiding stack optimization at local (bottom) level by 

performing quicker post-processing function of ply 
shuffling.

▲ Disadvantage
• Ply shuffling can lead to a (slight) violation of buckling 

constraint, particularly when shuffling is performed 
many times in blending procedure as described 
earlier.

Discussion for  smeared 
stiffness-based method



▲ Advantage
• No need to check whether strength or buckling constraints 

have been violated as long as lamination parameters obtained 
after local level optimization match the given lamination 
parameter values that came the top level optimization.

▲ Disadvantage
• Difficulty in matching lamination parameters from the top level 

while considering ply continuity for a small number of plies in 
the laminated composite structure (as in an example shown 
earlier).

Discussion for lamination 
parameters-based method



Conclusions

▲ Smeared stiffness-based method
• Uses an assumption of homogenous laminates in the top level 

optimization. 
• A ply shuffling technique HyperShuffle used at the local level without 

a need for solving an optimization problem. 
• Manufacturing and general composite layup requirements 

considered in the ply shuffling procedure.
• A manual adjustments (adding layers) can prevent buckling if it 

occurs.
▲ Lamination parameter-based method

• No numerical simulation within the local level optimization, only 
dealing with the lamination parameter values calculated by simple 
formulae. 

• No buckling analysis needs if the target values of the lamination 
parameters, passed from the top level, were kept. 

• Difficulty in matching the lamination parameters from the top level 
while considering ply continuity for the laminated structure with a 
small number of plies.


