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#1
• Benefits of using composites materials that are optimized 

• Weight savings are beneficial if composites are optimized 

• If strength properties are not much better than other materials such as aluminum, there is no point of the weight savings 

• Look at [0/±45/±90]s 

• Very common, three-ply composite that is not completely correct

• Restricts the materials ability to effectively carry loads in multiple directions 

• You have to consider cost

• Cost, weight, and strength are the three parameters that must be accounted for 

• Optimizer is used to help achieve this

• Optimizer works like this – 

• Fewer plies = less material = less cost = less thickness = less weight = sometimes less than optimal strength 

performance (need to look for this)

• The ply optimizer can also dictate ply angles 

• Remember: The optimizer is a simple math tool and does not consider 

• What the application of the laminate is 

• Critical or noncritical application 

• What the actual loading conditions are (only experimental inputs) 

• Environmental conditions 



#1 Cont.
• A generalized reduced gradient optimizer is used -  

• One of the most robust optimization methods available 

• Works with unconstrainted, linearly constrained, or nonlinear constrained problems 

• Used in conjunction with Newtons method 

• The optimizer runs through several inequalities to get the most “optimized” configuration 

• Still needs existing knowledge to produced feasible results 

• The results may not be an appropriate design 

• Materials may be incompatible 

• Limit stacking angle-plies next to each other

• Resolving and running multiple trials with different initial conditions can lead to interesting laminate stacking sequences that are more 

optimal 

• The optimizer is a helpful tool 

• Can help diagnose problems in current designs

• Can make the manufacturing process more efficient and less wasteful (physical waste and money) 

• Can help new companies/engineers/teams design and understand where and when to use composites early in the design process  

• Material selection, stacking sequence, and total laminate thickness are advantages of optimization 

• New composite materials at the lamina level can be design to reflect an optimal design 

• Changes in elastic moduli, shear moduli, and in the Poisson's ratio 

• These need to be physically achievable 



#2
• Pressure Vessel 

• Radius = 20 in 

• Pressure = 800 Psi  

• Torque = 10,000 lb

• Consider stresses [psi]

• (Nxx) Axial = (
𝑝𝑟

(2𝑡)
) = 8000

• (Nyy) Hoop = (
𝑝𝑟

𝑡
) = 16000

• In-plane shear stress (Nxy) = (
𝑇

2𝐴𝐻
) = 3.98

• T – disappears

• Ply properties 

• Thickness = 0.009 in

• E11 = 12 Msi 

• E22 = 1 Msi 

• v12 = 0.3 

• G12 = 0.75 Msi 

• Design parameters 

• Axial global strain < 1.2% 

• Global hoop strain < 1.2 pct (failure strain) 

• Shear strain < 2% 



#2 Cont. A
• What is the minimum number of plies

• Given Ply properties and thickness 

• Calculated Hoop and Axial and inputted it to the code

 



#2 Cont. A
• What is the minimum number of plies

• PLY optimizer says 10 plies 

• 9 in the 30 degree 

• 1 in the 60 degree

• Within the 1.2 % for hoop and axial 

• Shear is way below the target 

 



#2 Cont. B
• The strains along the fiber are calculated and shown below using the other Excel sheet

• The properties are inputted from the given problem 

• The ply’s are set symmetrically



#2 Cont. B
• The global strains match that of what was calculated in the first Excel sheet

• Uses the ABD matrix formulation

• Within the 1.2 % for hoop and axial (Green)

• Results make sense in both Excel sheets 



#2 Cont. C
• The local strains match that of what was calculated in the first Excel sheet

• Ex = 0.00208 

• Ey = 0.001817 

• Gxy = 0.0002651

• Match The excel sheets



#2 Cont.
• The Abaqus is set up 

• Ply’s are set up to found values in excel

• Loads are set following the YouTube tutorial



#2 Cont. 
• The local strains match that of what was calculated in the first Excel sheet

• All though the excel sheets match there seems to be an issue, which we later see in Abaqus as well

• 18-20 plies seem to be what Abaqus is suggesting 

• Which gives us a total thickness of 0.18 in or 0.164 in

• The strains in the Abaqus are far two large 

• This can be due to:

• The number of plies, perhaps we had computed fewer plies than was necessary

• Also, for Abaqus to create a "job" successfully, the values for E3, G13, and G23 were not give to use

• Therefore, we tried to make a trial-and-error approach to try to make our strain match as close to what was 

computed

• Although we followed the Youtube video very carefully and accurately, our model is Abaqus did not meet what had computed and 

optimized for this example

• As you can see there is bigger magnitude for RM at the edge where the hoop stress and torque was located based on the problem



#2 Cont. 

Results from Abaqus (left is the "RF" results and right is the "RM"Results



#2 Cont. F

• Density 

• L = 1 m

• R = 20 in. = 0.508 m

• Thickness of Laminate = 0.09 in. = 0.002286

• Volume = 0.00728 m^3

• Mass of Al = Volume * Density = 19.66 Kg

• Mass of Composite = volume * Density = 9.24 Kg

• Composite is 2.13% lighter
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