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Industry Profile
Unmanned Aircraft Vehicles (UAV) 

are unique tools for both military and 

civilian markets. By providing critical 

data quickly and without danger to 

human lives, unmanned aerial vehicles 

(UAVs) are meeting the tremendous 

demand for information by civil, 

commercial, and military organizations. 

UAVs provide textured data over great 

distances in nearly real time, helping 

governments and militaries with peace 

keeping, intelligence gathering, and 

combat operations. Meanwhile, civilian 

applications as diverse as agriculture 

monitoring and weather tracking 

will boost industry growth over the  

long term. The industry utilizes diverse  

technologies from miniaturization  

to advanced materials to avionics  

to image pattern recognition.  

The integration of these advanced  

technologies presents significant 

challenges and opportunities. 

The Challenge: 
Weight Reduction
While UAV missions continue to expand 

in scope, a major design driver has 

become the useful load to gross weight 

ratio. An increase in useful load for  
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Apply Composite Optimization 
technologies in Altair OptiStruct®  
and HyperStudy® to develop a design 
concept with 50% weight reduction
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Who We Are & What We Do
Altair empowers client innovation and decision-making through technology 
that optimizes the analysis, management & visualization of business and 
engineering information. Privately held with more than 1,300 employees, 
Altair has offices throughout North America, South America, Europe and 
Asia/Pacific. With a 20-year-plus track record for innovative product design 
and development, advanced engineering software and grid computing  
technologies, Altair has more than 3,500 corporate clients representing  
the automotive, aerospace, government and defense, and consumer 
products verticals. Altair also has a growing client presence in the life 
sciences, financial services and energy markets. 

Built upon a foundation of design optimization, performance data 
management and process automation, HyperWorks is an enterprise 
simulation solution for rapid design exploration and decision-making.  
As the most comprehensive, open-architecture CAE solution in the  
industry, HyperWorks includes best-in-class modeling, analysis,  
visualization and data management solutions for linear, nonlinear, 
structural optimization, fluid-structure interaction,  and multi-body  
dynamics applications.

www.altairhyperworks.com
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Altair ProductDesign is a multi-disciplinary Global Product Development 
Partner that delivers innovative, end-to-end solutions. We design products 
that balance usability, usefulness, performance, desirability, and cost.  
Our unique processes and knowledge can help deliver your products  
to market faster and on a budget.

www.altairproductdesign.com

Firehole Technologies is a small technology business headquartered in 
Laramie, Wyoming.  Firehole's mission is to deliver tools and services that 
enable wide-spread application of composite materials leading to lighter, 
stronger, safer and more fuel efficient structures.
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“Reducing the weight of a UAV system has tremendous impact 

on the success of the UAV in carrying out its mission. It means we  

can stay aloft longer or carry more payload, both of which increase  

the utility of these systems.” 
Duane Hill,  
Aeromorphology, Inc.

a given airframe expands the airframe’s 

envelope in either additional payload,  

fuel or performance. To this end, 

composite materials are a major 

contributor to the design and  

construction of most major UAV’s.  

Flight endurance is no longer a flight  

crew limitation but time in flight is 

strongly dependent on fuel consumption 

since in-flight refueling does not yet exist 

for UAV’s. High altitude operations are 

becoming necessary requiring a reduction 

in gross weight. The use of advanced 

composite materials, and the  

optimization thereof, is critical to 

maximize flight performance envelopes, 

endurance and/or mission success. 

The Solution:  
Multi-Disciplinary Optimization
The loading and boundary conditions  

on the spar were identified and topology 

optimization indicated that the spar 

could be a hollow box section and still 

meet the performance requirements. 

Composite optimization methods  

were then applied to the box beam 

structure with the addition of +-45  

and 90 degree plies in addition to the  

0 degree plies of the original structure. 

Ply Shape optimization was first carried 

out to determine the optimal ply  

shapes for each angle considered.  

For final sizing of the plies, in addition  

to strain and deflection constraints,  

a failure criterion was specified  

utilizing Multi-continuum Theory (MCT).  

MCT analyzes the micromechanics  

of the composite structure by  

separating the lamina stress and  

strain into constituent (fiber and  

matrix) stress and strain. This allows 

the ability to apply separate and distinct 

failure theories to the fiber and matrix  

to address the unique behavior of  

each constituent. Readily coupled  

for the finite element method,  

MCT has been commercialized as  

the software product Helius:MCT™  

from Firehole Technologies, an add-on  

for several finite element analysis 

software packages.  

A response surface optimization  

method using Altair HyperStudy®  

was applied to this multi-disciplinary 

problem that involved non-linear FEA 

analysis coupled with multi-continuum 

theory to determine the final sizing  

of the ply shapes.  

The Results:  
50% Weight Reduction
The results of the study showed that 

the weight of the spar could be reduced 

approximately 50% over the original 

design. Weight savings came from 

topology optimization which determined 

the spar could be configured as a box  

beam. Additional weight savings  

came from the introduction of  

additional angles to the laminates  

and the determination of ply drop-off 

zones along the spar. By coupling  

the MCT failure criterion into the  

calculation, the design meets the  

global strain, deflection, and failure 

constraints of the design.  

The process shows that a multi-

disciplinary optimization approach  

to designing composite structures can 

yield a more weight-efficient design.  

Composite ply shape optimization 

combined with response surface  

optimization and multicontiuum 

theory will produce a structure with 

reduced weight while meeting failure 

constraints at the micromechanical 

level. The process runs efficiently on 

modern computer systems and can 

allow the design engineer to vary many 

parameters simultaneously to achieve 

an optimum design. Saving weight 

on UAV systems will mean increased 

payload, performance, and/or longer 

range, all very important factors in  

the success of a UAV platform.
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