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Industry-leading Producer of Commercial and Military Rotorcraft
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• World’s first civil-certified helicopter

• Pioneered the revolutionary tiltrotor -
winner of the US Army’s Blackhawk
replacement program (V-280)

• World-class customer service, serving
customers flying Bell aircraft in more
than 140 countries.

• Popular Science “Best of What’s New
in Aerospace” Award in 2019. Bell’s
Autonomous Pod Transport

Bell Model 47
First certified civil helicopter

Bell 525 – Clean Sheet Design Certifying to 
§29.571[29-55] and §29.573[29-54]

V-22 Tiltrotor

V-280 Valor



Composites Structures (Example: Bell M407)
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Bell 407 certified under FAR Part 27



Composites Structures (Example: Bell M429)
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• M/R Blades
• T/R Blades
• Yoke
• Cowlings
• Doors
• Side body
• Nose
• Floor
• Tail boom
• H-stabilizer
• V-stabilizer

Bell 429 is certified under FAR Part 27

M429 Composite Structures (~80%)



Typical Airframe Composite Sandwich Structure
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Primary Loads: 
Typical A/F Loads, e.g., Compression, Shear, Bending, etc.



Typical Rotor Blade Composite Sandwich Structure
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Typical Blade Cross Section

1. Composite Skin
2. Web
3. Core
4. Spar Tube
5. Abrasion Strip

Primary Loads: Centrifugal Force (CF),
Beam and Chord Bending, Torsion

Reference: https://gallery.vtol.org



Helicopter vs Airplane
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Reference: D.J. Reddy on DER Conference, May 2006

DT and Fatigue Feature Airplane Rotorcraft

Geometries Large and nearly planar parts Complex geometries of dynamic parts

Fatigue Loading

Occurs at takeoff and landing with a few 
smaller loading cycles in flight

Occurs during every rotor revolution in 
rotors and some areas of airframe 
structure. Airframe loading can respond 
to higher harmonic loads

Fatigue Cycles
Typical number of fatigue cycles in 
lifetime are usually 200,000

Accumulate 200,000 cycles in less than 10 
hours

Damage Growth
Slow and gradual in the structure and 
inspections are practical before damage 
reaches critical size

Slow at beginning and rapid later due to 
high cycle loading

Design Consideration
Compression with damage Damage tolerance safe-Life as a major 

consideration in the design



Airframe vs Rotors and Drives
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Airframe Rotor and Drives

Highly Redundant Structure

Sensitive to Low-Cycle Loading (GAG, Power 
Thrust, Extreme Maneuvers)

Areas adjacent to dynamic systems subject to 
significant high-cycle loading

Subject to tension, compression, bending, 
and shear; any may have torsion

Primary failure modes are 
compression/buckling and shear

Single load path for each assembly as a whole. 

Structures of individual component can be 
redundant structure in details

Sensitive to both low-cycle and high-cycle loading

Subject to tension, torsion, bendings, and shear

Rotor components operate in tension dominated 
field due to CF. Drives composite component 
operate in torsion dominated field



Certification Requirements for Damage Tolerance and Fatigue 
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 Example shown: §29.573

 §27.573 is same

 Added on 27th Jan 2023:

− EASA AMC1 29.613

On material strength and
design value of Composite
Sandwich Panel



Typical Damage and Failure Modes of Sandwich Structure
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Sandwich Structure Failure Modes

Reference: CMH-17 Volume 6



Threat Assessment and Damage Response 
in Airframe Composite Sandwich Panel
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 Threat Assessment
 Extensive impact survey on all PSEs
 Variables:
 Impactor shape & size
 Impact angle
 Impact energy
 Local geometries
 Constraints

Core crush

Large Diameter Impact



Threat Assessment and Damage Response 
in Rotor Composite Sandwich Structure
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1” Diameter
Damage Extent

Upper Skin

2” Diameter
Damage
Extent Lower SkinCore

Spar
Abrasion Strip Assembly



Substantiation per 27.573 and 29.573
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An Example: Airframe Sandwich Structure DT Fatigue Substantiation

Structure Static Sizing

Progressive analysis approach validated by test evidence

Test

Structure RST assessment Tool Validated by Testing+
Fatigue Loads or StrainImpact Survey

© 2025 Bell Textron Inc.
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Looking Forward

 Fatigue characterization of face sheet disbond
- Constant amplitude loads
- Variable amplitude loads

 Effect of curvature on buckling and fracture

 Effect of environment (temperature, humidity, moisture intrusion)

 Implementation of new available tools in new designs and substantiation 
effort
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18



Take away slide

 Rotor sandwich components less likely to exhibit large disbonds from 
impact damages than airframe components

 No-growth design for rotor / drive and airframe components exposed to 
high cycle loads

 Impact damage response is greatly affected by local and global part 
stiffness

 More testing combined with reliable tools needed to optimize design for 
large disbond capability.
 • Conservative approaches / substantiation methods used until available
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