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PREFACE 

This document was prepared for the Defense Advanced Research Projects Agency 
in response to a task entitled “Quiet Supersonic Platform (QSP) Program Assessment.” 

 iii 



 



CONTENTS 

 I. INTRODUCTION............................................................................................. I-1 

 II. DARPA QSP FOCUS GROUP MEETING ON MATERIALS  
AND STRUCTURES—SUMMARY.............................................................. II-1 

  A. QSP Program Overview............................................................................. II-1 
  B. DARPA Multifunctional Synthetic Materials Program ............................. II-2 
  C. Air Force Research Laboratory Programs—Materials and 

Manufacturing Directorate ......................................................................... II-3 
  D. AFRL—Air Vehicles Directorate .............................................................. II-4 
  E. Structures and Materials Technologies for High-Speed  

Flight Vehicles ........................................................................................... II-5 
  F. 3–D Metals ................................................................................................. II-5 
  G. Designing with Materials ........................................................................... II-6 
  H. Discussion .................................................................................................. II-6 

Glossary.........................................................................................................................GL-1 

APPENDIX A—SUMMARY CHARTS FROM DISCUSSION GROUPS 

APPENDIX B—PRESENTATION CHARTS 

APPENDIX C—LIST OF ATTENDEES 

 

 v 





 

I.  INTRODUCTION 

This document records presentations and discussions which took place at the 
Defense Advanced Research Projects Agency (DARPA) Focus Group meeting entitled 
“Materials and Structures Needs in the Quiet Supersonic Platform (QSP) Program,” held 
at the Institute for Defense Analyses (IDA) on 26 June 2001. The purpose of this 
meeting, sponsored by DARPA’s Dr. Richard Wlezien, was to discuss the current and 
emerging materials technologies and processes which might be applicable to meeting the 
structural and performance goals of the QSP Program. This program seeks to develop a 
supersonic aircraft that creates an initial shock pressure rise of only 0.3 lb/ft2, achievable 
through a combination of shaping techniques and weight reduction, alleviating sonic 
boom effects and allowing for unrestricted supersonic flight over land. 

The goal for this Focus Group meeting was to encourage interaction and dialogue 
among academic, commercial, and government representatives concerning possible 
materials and structures utilization within the QSP Program. Much of the group’s 
discussion centered on newly developed materials and their potential structural 
applicability under the demanding flight conditions entailed by the goals set forth in the 
QSP Program. 

The following written summary of these presentations and preliminary 
discussions give an overview of the concepts illustrated by the opening speakers. Readers 
are encouraged to look at the presentations for details regarding the technologies of 
interest.  

After these initial presentations, the attendees were divided into three separate 
groups for more detailed discussions centering upon several questions posed by the 
meeting organizers. Charts enclosed in Appendix A of this document illustrate the 
summary outcome of these small-group deliberations. Appendix B contains the charts 
from the invited presentations given by various participants. The charts show various 
innovative materials and structures programs conceived and implemented by the 
participants’ respective organizations and their colleagues.  
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Meeting attendees included government personnel active in the QSP Program, 
experts in the fields of materials and structures, and representatives from major aerospace 
companies. Appendix C is a list of attendees and their contact information. 

We wish to thank the Focus Group participants for their insights and efforts and 
hope that this document will help DARPA to assess the possibility for the subsequent 
application of the diverse materials and structural concepts discussed at this meeting to 
the QSP Program, as well as set the stage for subsequent meetings relating to similar 
topics. 

 

 
Rich Wlezien Lisa Veitch 
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II.  DARPA QSP FOCUS GROUP MEETING ON MATERIALS  
AND STRUCTURES—SUMMARY 

A. QSP PROGRAM OVERVIEW 

Rich Wlezien from DARPA’s Tactical Technology Office (TTO) began the focus 
group meeting by introducing the aims of the QSP Program. Those undertaking this 
2-year program seek to study technologies which could be incorporated into an aircraft 
design meeting exceptional limits and goals for speed, weight, range, and boom 
generation. The challenging primary QSP requirement is producing an initial sonic boom 
shock strength of no more than 0.3 lb/ft2. To fulfill this requirement, a vehicle will likely 
have thin wings (2 percent), be very long (high fineness ratio), and employ low-density 
structures. QSP system goals, after the initial sonic boom mitigation, include the 
following: 

• 100,000-lb gross takeoff weight (GTOW) 

• Cruise speed: Mach 2.4 

• 6,000 nmi unrefueled range 

• 20-percent payload weight fraction 

• Stage 3 noise standards compliant. 

Additional derived goals of the program consist of: 

• Lift/drag ratio = 11 

• Thrust specific fuel consumption = 1.05 lb/(lb-hr) 

• Engine thrust/weight = 7.5 

• 40-percent fuel weight fraction 

• 40-percent empty structural weight fraction. 

Dr. Wlezien commented that materials and structures represent an area of the QSP 
Program which has received very little attention thus far, and further emphasis is 
necessary to achieve such a low structural weight fraction and maintain safe high-speed 
flight. The aim of this program is not the development of radically new materials, but 
rather an integration of technologies that can be incorporated today. In addition, he 
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described the current program structure, which incorporates three branches: QSP 
technologies development undertaken by small companies and universities, airframe 
systems, and propulsion systems contractors. A coordinated effort is necessary to address 
goals such as the empty weight fraction, which in past supersonic aircraft has been 
considerably larger than 40 percent due primarily to engine sizing. The relatively 
infrequent opportunities that now seem to be available for design of new supersonic 
aircraft also complicate the job of incorporating past “lessons learned.” 

The Air Force has done studies that extrapolate today’s technology, much of it 
gained from the National Aeronautics and Space Administration (NASA) High Speed 
Research (HSR) program, to design a notional Mach 2.4, 32,000 lb payload Future Strike 
Aircraft with a range of 6,000 nmi. Its 427,000-lb GTOW, however, makes it an 
expensive vehicle that would be difficult to market to a potential user. The QSP Program, 
therefore, seeks to lower GTOW to 100,000 lb, while maintaining a 20,000-lb payload. 
At the time of this meeting, the program was halfway through the first year of its 2-year 
duration. DARPA will soon solicit the airframe companies for proposals for the second 
year of the program in order to help put together a more comprehensive effort. 

Last, Dr. Wlezien discussed the advantages of foamed metallic structures in 
aircraft manufacturing. These advantages include their potential for cost-effective fabri-
cation and their utility, both structurally and functionally, as an aid to laminar flow and 
thermal dissipation.  

B. DARPA MULTIFUNCTIONAL SYNTHETIC MATERIALS PROGRAM 

Leo Christodoulou of DARPA’s Defense Sciences Office (DSO) spoke con-
cerning new materials systems and synthetic multifunctional materials (SMFM) which 
could potentially reduce parasitic aircraft structural weight. Ideally, the entire aircraft 
structure would either serve additional functions or be eliminated. Relevant DSO 
structural concepts include 

• Power structures 

• Actuating and sensing structures 

• Survivable structures 

• Autogenous (self-healing) structures 

• Autophagous (self-consuming) structures 

• Thermal control structures. 
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Structural Amorphous Materials (SAM), another materials class that 
Dr. Christodoulou discussed, presents no long-range order or grain boundaries. These 
“metallic glasses” can be cast in large pieces, like conventional metals. As these 
substances deform, more of the material participates in the deformation process (hence 
processes such as shear band localization are prevented), creating dynamic toughness as 
the structure is loaded.  

Dr. Christodoulou next explained the Accelerated Insertion of Materials (AIM) 
Initiative, intended to increase the speed of material insertion into new systems and to 
reduce the cost and risk of doing so. To promote use of state-of-the-art materials, AIM 
would organize existing materials knowledge into a Web-based system. Through this 
knowledge base, designers could acquire all the information that they would need to 
make a materials choice for their particular project. Dr. Christodoulou suggested in 
conclusion that although he had discussed some concepts that are far from actual 
implementation, this Web-based materials system is closer to becoming a reality for use 
by designers.  

C. AIR FORCE RESEARCH LABORATORY PROGRAMS— 
MATERIALS AND MANUFACTURING DIRECTORATE 

Representing the Air Force Research Laboratory (AFRL) Materials and Manufac-
turing Directorate, Edward Hermes presented an overview of the current Air Force 
Materials and Manufacturing Technology, which would have relevance for the 
supersonic flight arena. The specific technologies of interest for structural and propulsion 
systems include the following:  

• High-temperature poly matrix composites (PMCs) 

• Carbon-carbon materials 

• Thermal management materials 

• High-fidelity analysis tools 

• Processing for dimensional control 

• Integrated High-Performance Turbine Engine Technology (IHPTET) 

• Life prediction/high-cycle fatigue. 

Dr. Hermes additionally pointed to current AFRL programs affecting structures 
and propulsion, such as: 

• Composites affordability initiative 

• Metals affordability initiative 
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• Forging supplier initiative 

• Casting supplier initiative 

• Laser shock peening 

• Engine rotor life extension. 

Last, Dr. Hermes identified issues that prevent the utilization of innovative 
materials, namely lack of confidence in materials models and affordability and access 
barriers. 

D. AFRL—AIR VEHICLES DIRECTORATE 

Dr. David Pratt from the Structures Division of the AFRL’s Air Vehicles 
Directorate discussed QSP issues from a structural perspective. He defined the main 
structural issues to be: 

• Embedded engine and aft decks 

• Lightweight structures 

• Design/analysis—probabilistic methods 

• Aeroelasticity 

• Mission-adaptable structures. 

Dr. Pratt discussed various programs underway that were applicable to the above-
listed categories: 

• Ceramic exhaust-washed thermal structures 

• Combined acoustic and thermal testing facilities 

• Advanced Lightweight Affordable Fuselage Structures (ALAFS) Program 

• Composites Affordability Initiative 

• Ultra-lightweight structures program. 

Dr. Pratt commented on the possibility of utilizing Active Aeroelastic Wings 
(AAW); High L/D Active (HiLDA) Wings; and additional adaptive structures, such as 
leading edges and inlets, as possible means to fulfill the QSP goals. At this point, he 
introduced Maj. Brian Sanders to speak further about adaptive structures designs. 

Maj. Sanders briefly identified three adaptive structures concepts of interest. The 
first, the Smart Wing Program, has been demonstrated with actual componentry at 
Mach 0.8. Second, the Smart Aircraft and Marine ProjectS demonstratiON (SAMPSON) 
program, most useful at supersonic speeds, would use shape-memory alloys to modify 
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flow in an inlet. Third, energy harvesting is a concept in which thermal energy from the 
aircraft skin would be exploited to drive actuation systems. 

E. STRUCTURES AND MATERIALS TECHNOLOGIES FOR  
HIGH-SPEED FLIGHT VEHICLES 

Dennis Dicus and Michael Nemeth of NASA’s Langley Research Center gave an 
overview of some of the technologies stemming from the HSR Program, as well as 
current NASA research projects which are useful for high-speed flight. The key issue 
regarding airframe materials technology during the HSR Program was the lack of a long-
term, high-temperature materials database for High-Speed Civil Transport (HSCT) 
airframes. In particular, the increase of cruise speeds from Mach 2.0 to 2.4 introduces 
significant additional challenges and issues for structural materials.  

Technologies resulting from the HSR Program that are still under consideration 
for high-speed aircraft include lightweight wing and fuselage structures with variable 
stiffness distributions and the use of composite materials made from the PETI-5 polymer 
system. Beyond HSR Program research, NASA has looked at the Vacuum-Assisted Resin 
Transfer Molding (VARTM) Process, potentially a low-cost process because there is no 
need for an autoclave, and metal/polymer matrix composite hybrid materials, which offer 
improved fatigue life and in-plane damping. In addition, advanced aluminum alloys offer 
strength-toughness advantages necessary for Mach 2 flying conditions. Friction stir-
welded joints improve on traditional riveted joints in the areas of weight, cost, and 
performance. Other materials and structure concepts that NASA has considered and 
which might be used in high-speed flight projects include Al-Mg-Sc alloys; new titanium 
alloys; titanium honeycombs, four-sheet sandwiches, and truss-core sandwiches. 

F. 3-D CELLULAR METALS 

Haydn Wadley of the University of Virginia illustrated the possibilities offered by 
three-dimensional (3–D) cellular metals, an area of rapid growth over the last 10 years. 
These cellular metals can be divided into two subcategories, stochastic materials, such as 
metal foams, and periodic metals, encompassing prismatic materials and lattice or truss 
structures. Metal lattices, with densities spanning 1–10 percent of the original solid metal, 
are a material form of interest to the aircraft industry. Truss structures allow for design to 
specifications and placement of the trusses in ways that achieve optimized geometries. 
Cellular metals are manufactured in various ways, such as templated or foaming 
solidification (liquid), metal fabric layup (solid), and templated condensation (vapor).  
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Dr. Wadley continued by discussing specific types of cellular metal structures, 
which can be formed in a variety of size scales. Woven metal microtubes offer efficient 
heat-transfer capability. An inexpensive approach to creating lattice structures uses tubes 
woven into metal sheets, which are then stacked, sprayed with a transient liquid-phase 
sintering/bonding agent, and heated. The result is a strong but flexible truss structure. 
Constructed cellular metals are a revolutionary and inexpensive means of creating trusses 
simply by pressing alternating nodes from a perforated metal sheet. Dr. Wadley’s charts 
show different truss geometries, fabrication approaches and properties of structures 
fabricated from them. 

G. DESIGNING WITH MATERIALS 

Tony Evans from Princeton University began by explaining the properties of 
metal foams and truss structures. Although inexpensive, metal foams have limited 
stiffness and strength, and periodic structures may be a better choice under loaded 
conditions. Optimized truss structures allow for pure tensile and compressive stresses, 
with no bending. In addition, the openings in the trusses allow for fluid flow to aid 
thermal management. Under bending conditions, trusses perform much better than foams 
and nearly as well as honeycomb structures; under compressive loads, trusses perform 
similarly to traditional heat-stiffened structures.  

Trusses also hold possibilities as curved panels because of their light weight and 
as heat exchangers, by using a metal with high thermal conductivity to draw heat into the 
lattice, where it can easily transfer to a fluid flowing through the core. 

Dr. Evans showed a brief movie demonstrating that when a 45-deg weaving 
technology was utilized to create a truss structure, the core material did not undergo 
shape deformation under bending loads; the failure mechanism was instead the plastic 
bending of the face sheet.  

H. DISCUSSION 

Following the above-summarized presentations, the participants were divided into 
three groups for discussion of the following six questions: 

1. How would a Mach number range (2.0–2.4) affect new requirements? 

2. How would these materials and designs be demonstrated, and what would be 
the maturity level required to do this?  

3. How would design practices need to change if current materials are used? 
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4. What are the manufacturing issues? 

5. What are the aeroelasticity issues for this type of vehicle? 

6. What is needed to do a probabilistic design criteria approach? 

The resulting comments from the three groups are summarized in this document in 
Appendix A. 

Following the outbriefings from the groups, Dr. Wlezien thanked the participants 
for the day’s open discussion. He summarized the three major themes he felt had 
emerged from the small-group deliberations: 

• The materials and structures issues appear to be more of an engineering 
problem than a science problem. Multifunctional concepts present a poten-
tially large payoff for QSP-type applications.  

• Mach 2.2 presents a critical, if somewhat blurry, juncture in materials 
selection. Mach 2.4 may still be preferred for military needs.  

• A need for engineering materials data exists, but QSP can still pursue 
avenues such as scaling up materials and testing and utilizing probabilistic 
design methods. 

Dr. Wlezien then asked for a report card from the group detailing the responses of 
the attendees to the day’s activities. Furthermore, he stated that he had found the Focus 
Group to be valuable, and he would be willing to sponsor an additional meeting. Finally, 
he explained that he had purposefully not defined a specific outcome for this meeting in 
the hopes that the discussion process in the areas of materials and structures would be 
iterative, with potential for further focus at a subsequent modeling and simulation (M&S) 
meeting. 
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GLOSSARY 

AAW active aeroelastic wing 

AFRL Air Force Research Laboratory 

AIM accelerated insertion of materials 

ALAFS Advanced Lightweight Affordable Fuselage Structures Program 

DARPA Defense Advanced Research Projects Agency 

DSO Defense Sciences Office 

GTOW gross takeoff weight 

HiLDA High L/D Active 

HSCT High-Speed Civil Transport 

HSR High-Speed Research Program 

IDA Institute for Defense Analyses 

IHPTET Integrated High-Performance Turbine Engine Technology 

M&S modeling and simulation 

NASA National Aeronautics and Space Administration 

PMC poly matrix composites 

QSP Quiet Supersonic Platform Program 

SAM structural amorphous materials 

SAMPSON Smart Aircraft and Marine ProjectS DemonstratiON Program 

SMFM synthetic multifunctional materials  

TTO Tactical Technology Office 

VARTM Vacuum-Assisted Resin Transfer Molding 
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APPENDIX A 
 

SUMMARY CHARTS FROM DISCUSSION GROUPS 

 





 

GROUP I DISCUSSION SUMMARY 

 

• QSP weight goal not achievable through 
airframe weight reduction alone
– Much potential for weight reduction in systems
– Need to identify and prioritize
– Current systems generally driven by cost 

(COTS)
– Multi use structures offer potential to integrate 

structure and systems weight
 

 

  

• Much weight (and cost) reduction potential in 
unitization and joining
– Develop required design techniques

• Hybrid structure
– Tailor materials and structural concepts to specific 

areas of structure
– Truss core structure for high stiffness
– Amorphous material for high strength and fracture 

toughness
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• Interesting materials and structural concepts
– Tycor
– GLARE
– Al-Li

• Probabilistic Design
– Need to understand loads, fly behavior to avoid 

conservative design

 

 

 

 

• Foam material
– G-1 level
– Repeatability of properties

• Sandwich Construction
– Industry having terrible time integrating
– High speed machining

• AIM
– Accelerated Insertion of Materials
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• Structural weight
– Small fraction of MTOW

• “Low hanging fruit” in other areas
– Manufacturing

• Reduced Part Count
– Systems

• Electric Integrated Multipurpose
• Hydraulic Distributed Systems
• Environmental Compact Hybrid Actuation

– Landing Gear
• Don’t go there

--DARPA Program

 

 

 

• System reliability
• System access
• Bonded structure

– Process intensive
– Inspection
– Surface preparation

• Design process
• Integration of full use of available technology
• Multifunctional structural components

Can translate to weight
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• Amorphous metals
– Fine grain structure
– Strength, toughness
– Perfect processing to get perfect microstructure

• Hybrid construction
• Aluminum lithium

– Newer alloys
• Monolithic structure

– Larger, fewer parts
– Aircraft component level

 

 A-4 



 

GROUP II DISCUSSION SUMMARY 

• Materials readiness
– Time for demo--flight vs. ground
– Time for application

• Flutter/aeroelastic must fly
– Other ground

• Drivers
– Weight
– Thermal load vs. temperature
– Fatigue/durability/design life
– Creep
– Thermal management
– Damage tolerance
– Dissimilar joining
– Processing

• Forming, tolerances, design criteria, $
 

 

Mach?

• Civilian ⇒ little impact to go faster
• M=2.0 ⇒ more materials options, lower 

risk
• Military ⇒ go faster until cost too much
• Composites ⇒ M 2.2 (better stiffness)
• Metallic sandwich ⇒ 2.4+ active cool?
• Titanium ⇒ M=2.7, but too heavy?
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Demo Approach

• TRL = 6?
– Ground

• Scale build up approach
• Thermal, mechanical load cycling
• Full scale component

– Need AIM to reduce cost!!!
• Proof/validation needed

– Aeroelastic
• Wind tunnel + fly
• All flight conditions

• QSP
– Design/sizing tools don’t capture new structures concepts

• Need FEM analysis
– Invest in design/analysis processes to accelerate transition

• “Relative Answer”
• “Don’t converge too quickly”

 

 

 

Demo Approach (Cont’d)

– Scaling laws/linkages (more global issue—bigger than QSP)
– Revise V&V process

• Scale build up approach

• QSP scale-up panel size
– High fidelity instruments
– Combined environment

• NDE/quality control
– Design consideration

• Failure criteria
– Convince industry first
– Monte Carlo on components
– Define acceptable failure rate  
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Summary

• Discussed design drivers
• Mach trade

– Benefit of higher speed not substantial for civilian
– Composites good to Mach 2.2 (superior stiffness)
– Metallics for M=2.2 - 2.7+

• Active cooling?

• TRL = 6 – requires full scale ground test for 
combined loads
– Aeroelasticity must fly

• Must have AIM to reduce cost
• Need to develop design/analysis tools

– Look for relative answers
– Avoid convergence too quickly

 

 

 

 

 

Summary (Cont’d)

• Develop scaling laws, V&V process
• Probabilistic failure criteria

– Convince industry first
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QSP Recommendation

• Scale up testing of candidate materials/structures 
concepts
– Combined environment
– High fidelity instrumentation

• Develop design methods
• Subscale assembly/joining test
• Update design requirements and/or practices to 

take advantage of new M&S and processes
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GROUP III DISCUSSION SUMMARY 

Wing-Main

• Conductive
• Low CTE
• High strength, moderate stiffness
• Thermal flexibility
• Attachment of load-bearing surface with 

sub-structure
• Lightweight material that achieves high 

temperature fast  

Thin Wing

• Structured cellular
– Robust to small damage (sensitivity)

• Need data in normal engineering formats
• Repair of structure?
• How manufactured?
• Unit loading to reser.?

– Size panels
• Assembly!
• Active cooling?

– Selective possibly
– Basic structure—not likely
– Some lamination flow benefit

• Adaptive Structure?
– Yes—payoffs?
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Thin Wing (Cont’d)

• Free-form processing
– Not thin wing weight competitive
– Possibly cost issue

• Need high stiffness/weight ratio
• VARTM processing PETI-5
• Large unitized structure without fasteners
• Composite—best
• Be-Al-Mg alloys?

 

 

 

Periodic Sandwich

• Tailored internal topology
– Open cell—no corrosion
– Cheap manufacturing (to honeycomb)
– Material flexibility
– Multifunctional

• Thermal management
• Adaptive structure

– Damping/noise suppression (flutter/acoustic)
– Damage containment
– Controllable isotropy
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Multifunctional Structures

• Antennas
• Subsystems

– Power/Batteries
– Controls
– ECS
– Thermal management
– Fuel
– IVHM

 

 

 

 

Periodic Sandwich or EEDS 
Sandwich?

• Compare to honeycomb
– What compare “standard” or optimized.

• General Answers
– Joining concepts, etc.

• “ilities”
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Probabilistic Methods

• Tools
• Events
• Materials = need lots more materials data

 

 

 

Summary of Benefits

• Reduced Factor-of-Safety (1-2% GTOW)
• Multifunctional Structures (1-2%)
• Unitized Composites (4-5%)
• Improved MDO Structures/Materials (2-3%)
• Gust Load Alleviation (?)
• Probabilistic Design (5%)
• Tailored Anisotropy (1-2%)
• Build Innovative Structures and Test to Failure
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