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Structural Optimization
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 Structural optimization performed using NuMAD to manage the 
material and structural changes and PreComp and BModes to 
estimate the blade structural properties

 IEC wind turbine design standard load cases are analyzed using 
FAST aeroelastic wind turbine simulator with the structural blade 
representation
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Design Load Cases
 IEC analysis currently employs 

DLC’s 1.x, 6.x
 These DLC’s are historically 

known to be most critical

 Other DLC’s test the turbine 
control system and fault loads

 The size of wind turbines and 
different site atmospheric 
conditions result in different 
design drivers 
 Important in this project to 

represent these differences in 
the optimization analysis



Wind Turbine Design Classification

 Turbine classification defined in terms of wind speed and 
turbulence level at the installation site.

 Representative 3 MW designs will be developed as part of this 
project to analyze the potential benefits of carbon fiber 
development in low and high wind speed sites representative 
of much of the U.S.
 Class III-A, low wind speed blade design

 Class I-B, high wind speed blade design
4

Wind Turbine Class I II III

Vavg (m/s): 10 8.5 7.5

A Iref @ 15 m/s: 0.16

B Iref @ 15 m/s: 0.14

C Iref @ 15 m/s: 0.12



NuMAD Structural Inputs
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Any of the structural or material properties used in NuMAD can be variables 
in the optimization routine



Sandia Blade Cost Model

 Using NuMAD input, calculates 
blade cost as a combination of:
 Material Costs

 Labor Costs

 Capital Costs

 Based on blade manufacturing 
data from 40 m blades

 Integrating this tool into the 
structural optimization enables 
optimization fitness functions 
that minimize cost
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