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1. Project Overview

• X-59 designed to demonstrate reduction in 
Sonic Boom signature.

• Nose structure helps divert air flow while 
providing controlled aerodynamic pressure 
distribution.

• Design, Substantiate and Manufacture the 
Nose Structure

• Critical to maintain dimensional stability.
• Use FEM analysis and physical testing for 

certification.

Credits: Lockheed Martin / NASA
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2. Design Criteria

• Pressure Capability

• Pressure Dimensional Stability

• Impact Pressure Capability Requirements

• Temperature Capability Requirements

• Mass Properties

• Center of Mass

• Useful Life

• Operational Service Life
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3. Loads and FEM Models

• Global finite element model (GFEM) developed by LMA.
• A detailed finite element model (DFEM) was developed by Swift for sizing using HyperSizer.
• DFEM consists of Cored Composite Panels, Metallics, Composite Bulkheads, Fasteners and Adhesive Bonds
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3. Loads and FEM Models

LMA GFEM v. Swift DFEM

• Loads mapping correlation:

Select Loadcases 
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4. Analysis and Sizing

• Process Flow

Swift DFEM
(Hypermesh®)

Static/Modal 
Analysis

(OptiStruct®)

Sizing Analysis
(HyperSizer®)

CAD Update
(Catia®)

Linear Static Analysis
(OptiStruct®)

Substantiation 
Report (HyperSizer®)
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Rapid Sizing

147 page MS Word 
substantiation report

Objective was to minimize mass whilst meeting 
stiffness and strength criteria.
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4. Analysis and Sizing

• Sizing Analysis (HyperSizer®)

1. Assemblies, parts and features organized into individual 
optimization sizing variables/zones (spreadsheet).

2. Effective laminates are used initially to determine 
overall ply percentages and laminate thicknesses.

3. Discrete laminates used for margin calculations and ply 
orientations.

4. Designs iterated until all margins are positive for each 
ply and metallic.

Metallic Failure Criteria
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Composite Failure Criteria
Composite Strength, Laminate, Compression, Open Hole 

(OHC)

Composite Strength, Laminate, Tension, Filled Hole (OHT)

Composite Strength, Hoffman Interaction

Composite Strenght, Interlaminar Shear

Composite Strength, Interlaminar Tension
Wrinkling, Eqn 1, Isotropic or Honeycomb Core, X, Y & 

Interaction

Intercell Dimpling, X, Y & Interaction

Shear Crimpling, Min X, Y (Hexcel)

Ramp Core Shear

Ramp ILT + ILS Interaction Check 2

Ramp ILS
Joint, Bolted, Single Hole, Bearing, Composite Laminate 

Allowable

Composite Bearing-Bypass - Discrete

Fastener Laminate Shear Out

Fastener Laminate Pull-Through

Fastener Laminate Net Section

Crippling

Metallic Failure Criteria
Isotropic Strength, Ultimare, Von 

Mises-Hill Criterion

Isotropic Strength, Fatigue, Tension

Metalic Bearing - Discrete

Fastener Metallic Shear Out

Fastener Matellic Pull-Through

Fastener Metallic Net Section

Crippling
Sizing Zones
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Lowest Margin of Safety for Each 
Analysis by Component

Component Concept / Object MS Load Case Lim/Ult AID Analysis

80000101 Top Stack 2.25 14380 Ultimate 144 Composite Strength, Hoffman Interaction

0.65 10904 Ultimate 203 Composite Strength, Interlaminar Shear

465 500001 Ultimate 204 Composite Strength, Interlaminar Tension

1.65 500001 Ultimate 223 Composite Strength, Laminate, Compression, Open Hole (OHC)

2.2 14416 Ultimate 229 Composite Strength, Laminate, Tension, Filled Hole (FHT)

80000102 Top Stack 2.15 14380 Ultimate 144 Composite Strength, Hoffman Interaction

0.34 14380 Ultimate 203 Composite Strength, Interlaminar Shear

155 500000 Ultimate 204 Composite Strength, Interlaminar Tension

1.15 14380 Ultimate 223 Composite Strength, Laminate, Compression, Open Hole (OHC)

2.5 14344 Ultimate 229 Composite Strength, Laminate, Tension, Filled Hole (FHT)

80000103 Top Face 3.95 14380 Ultimate 90
Wrinkling, Eqn 1, Isotropic or Honeycomb Core, X, Y & 

Interaction

22.5 10776 Ultimate 94 Intracell Dimpling, X, Y & Interaction

1.45 500001 Ultimate 223 Composite Strength, Laminate, Compression, Open Hole (OHC)

3.75 14452 Ultimate 229 Composite Strength, Laminate, Tension, Filled Hole (FHT)

Core 1.15 14380 Ultimate 105 Shear Crimping, Min X, Y {Hexcel}

Bottom Face 3.4 14380 Ultimate 90
Wrinkling, Eqn 1, Isotropic or Honeycomb Core, X, Y & 

Interaction

115 14380 Ultimate 94 Intracell Dimpling, X, Y & Interaction

1.8 14380 Ultimate 223 Composite Strength, Laminate, Compression, Open Hole (OHC)

4.75 14380 Ultimate 229 Composite Strength, Laminate, Tension, Filled Hole (FHT)

Example of HyperSizer Sizing Spreadsheet Output Report:

4. Analysis and Sizing

HyperSizer Core Ramp Analysis:
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Example of Automated MS Word Sizing Report:

4. Analysis and Sizing
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4. Analysis and Sizing

• Joint Analysis

Joint Failure Criteria
Bulkhead Margin Summary 

Analysis MS Load Case Lim/Ult Comp. Object 

Joint, Bolted, Single Hole, Bearing, Composite Laminate Allowable 15.0 10776 Ultimate 80001346 Top Stack 

Composite Bearing-Bypass - Discrete 15.0 15141 Ultimate 80001039 Top Stack 

Fastener Laminate Shear Out 12.2 10764 Ultimate 80000122 Fastener80309018 Top Stack 

Fastener Laminate Pull-Through High 10768 Ultimate 80000122 Fastener80309010 Top Stack 

Fastener Laminate Net Section 84.4 10764 Ultimate 80000122 Fastener80309018 Top Stack 

 Example of Joint Analysis Results from HyperSizer®

Example of Fastener Analysis Results
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Credits: Collier HyperSizer® 
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4. Analysis and Sizing

• Modal, Buckling and Crippling

• Linear Buckling analysis performed on Nose assembly for each loadcase
• Crippling check performed on each assembly and part.

17
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4. Analysis and Sizing

• Dimensional Stability

Dimensional stability measurement locations (Cruise Level Flight Loadcase)

18

Example
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• Single margin plot shows lowest margins of any selected 
failure criteria for each laminate, honeycomb, metallic or joint.

• Sized for Stiffness and Strength with 

4. Analysis and Sizing

• Margin of Safety

Example Margin Plot

Example of HyperSizer® Sizing Results
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Composite Failure Criteria
Scaled 

MS
Load 
Case Lim/Ult Comp. Object

Composite Strength, Laminate, Compression, 
(OHC) 1.28 10960 Ultimate 80001591 Top Stack

Composite Strength, Laminate, Tension, (OHT) 4.20 10764 Ultimate 80000140 Top Stack

Composite Strength, Hoffman Interaction 3.80 10960 Ultimate 80001591 Top Stack

Composite Strenght, Interlaminar Shear 1.24 14380 Ultimate 80000102 Top Stack

Composite Strength, Interlaminar Tension 100.00 10904 Ultimate 80000140 Top Stack

Wrinkling, Eqn 1Honeycomb Core, X, Y & 
Interaction 12.80 14380 Ultimate 80000103 Btm Face

Intercell Dimpling, X, Y & Interaction 45.00 10778 Ultimate 80000103 Top Face

Shear Crimpling, Min X, Y (Hexcel) 4.60 14380 Ultimate 80000103 Core

Ramp Core Shear 0.90 10764 Ultimate 80000129 Top Stack

Ramp ILT + ILS Interaction Check 2 0.40 14452 Ultimate 80000129 Top Stack

Ramp ILS 7.20 500000 Ultimate 80000130 Top Stack

Joint, Bolted, Single Hole, Bearing, Composite 
Laminate Allowable 0.55 10904 Ultimate 80001450 Top Stack

Composite Bearing-Bypass - Discrete 0.26 10904 Ultimate 80001450 Top Stack

Fastener Laminate Shear Out 15.67 14752 Ultimate
80000101 Fstnr. 

80306025 Top Stack

Fastener Laminate Pull-Through 0.16 14380 Ultimate
8000101 Fstnr 

80305079 Top Stack

Fastener Laminate Net Section 3.23 14380 Ultimate
80000102 Fstnr 

80311525 Top Stack

Crippling 1.65 14380 Ultimate
80000101 Fstnr 

80311524 Top Stack
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Credits: Lockheed Martin / NASA

5. Test and Calibration
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5. Test and Calibration

• Static Test

Credits: Lockheed Martin / NASA

1. Full airframe proof test with only 
forward fuselage jacks engaged 
to match integrated forces and 
moments. 

2. Series of strain gauges (uni-axial 
and rosettes) placed along the 
length of the Nose positioned at 
top, side and bottom outer 
surface of the Nose.

3. Nosecone tested to four 
independent proof loadcases.
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5. Test and Correlation

• Test Transducer Deflection and Strain Data Calibration

1. GFEM overpredicted strains and deflections and is therefore 
conservative.

2. All of the measured deflections are below the max allowable 
and strains are below the max allowable proof strain.

3. Tests show acceptable correlation to GFEM with minor updates 
to account for NLG lateral constraint.
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Test Strain Data and Calibration

Approach follows LMA and USAF Structures Bulletin EZ-SB-11-001 Rev. A
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6. Conclusions

• Composite Sizing using HyperSizer enabled a mass optimum design.
• Manufactured Nose assembly and delivered to LMA on time with full structural substantiation 

report.
• GFEM+DFEM Strain and deflection predictions were conservative compared with static proof tests.
• FEA models were calibrated and path to flight certification established.
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Credits: Lockheed Martin / NASA
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