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STRUCTURAL HEALTH MONITORING 
METHODS THAT COULD BE BUILT INTO 
COMPOSITE STRUCTURES FOR MULTI 
SENSING PURPOSES

Per Hallander, Technical Fellow within Composites 
Technology and manufacturing processes at Saab 
Aeronautics

From traditional light weight structures to 
multifunctional light weight systems
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BACKGROUND: FROM THE FIRST CFRP PREPREG COMPONENTS TO 
HIGHLY INTEGRATED AN OPTIMIZED COMPOSITE DESIGNS

CFRP component 1971 Today: highly integrated and optimized composite designs
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Saving weight on an aircraft is a hard work that 
requires cooperation across all technical diciplines
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AAAirframe ~37% of total 

weight

System ~63% of total 

weight



COMPANY RESTRICTED | NOT EXPORT CONTROLLED | NOT CLASSIFIED

Your Name | Document Identification | Issue  1

• Passive multifunctional structures

• Lightning strike protections

• Anti-icing surfaces

• Passive cooling

• Radar transparancy

• Active multifunctional structures

• Structural Health monitoring

• Morphing structures

• De-icing

• Energy management

• Structural Batteries

• Energy harvesting

• Active cooling

• Built-in air-data sensors

Further weight savings to be reached through 
multifunctional structures & light weight systems 
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Electric conductivity

Thermal conductivity
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Why Structural Health Monitoring
Highly integrated optimized composite designs demands for more advanced 
inspection
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• Fiber optics

• Guided waves / lamb waves

• Resistive CNT sensors

• Resistive Graphene sensors

Structural Health Monitoring - SHM
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Example of SHM with FBG - Int-Demo 
Control surface demonstrator in Iron bird rigg
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Comparison of strains for the 100 kg load case
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Composite embedded FBG:s are very accurate for measure strain. However 
not developed for pressure measurements
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Modification of fibre optics at micro level for 
pressure sensitivity (Lighter QuPS)
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• Load steps: 20, 40, 60, 100, 200 kPa

• 1 minute hold each load step

Pressure Measurements in Instron Machine
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Results pressure measurements in Instron 
Machine
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Demonstrator Wind tunnel test
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Preliminary data wind tunnel demonstrator 
test
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From national research within multifunctional structures and SHM 
to collaboration with BAE Systems to Wing Demo concepts

• Vinnova/ SIO Lighterproject ” Quasi-

distributed pressure sensors with 

composite structural integration”

• Eureka / Vinnova project ” Fatigue -

and intelligent composites for 

sustainable structural health 
monitoring”

• Vinnova /NFFP8 “Mechanical and 
thermal properties of hybrid composite 

structures”
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“Structural Health Monitoring for damage growth detection in 

composite structures” in collaboration with BAE Systems



COMPANY UNCLASSIFIED | NOT EXPORT CONTROLLED | NOT CLASSIFIED

Saab KTH Strategic Par tnersh ip | Working Copy | Draft 1

Guided waves / lamb waves

• Vinnova call : ” Stärkt svensk flygteknisk forskning 

och innovation genom internationell samverkan”

• Structural Health Monitoring for damage 

growth detection in composite structures

• PostDoc: Gracieth Cavalcanti Batista from ITA  via 
CISB PhD project at KTH division of Electronics and 
Embedded Systems
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Saab co-operation with MIT within ”Nano-engineered 
composite aerospace structures consortium – NECST”

• NECST formally launched in early 2006 on 
the MIT campus, partnered with Airbus, 
ANSYS, Embraer, Lockheed Martin, Saab 
AB, Saertex, and Teijin Carbon America. 

• A couple of joint publications has been 
performed between MIT and Saab 
Affiliated Faculty at Engineering 
Mechanics, KTH within Vertical Aligned 
Carbon Nanotubes (VACNT) 
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KTH-Saab PhD project of using VACNT for 
composite embedded sensors
• Embedded sensors for measurements 

of temperature, strain, pressure and in-

situ cure monitoring

• Platform for larger framework within 

Structure Health Monitoring - SHM
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Graphene coated glass fibre and vertically aligned 
carbon nanotubes as sensor material
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Strain sensing with carbon nanotubes and 
graphene
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Courtesy of  Tobias Karlsson, KTH
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Temperature sensing with carbon nanotubes 
and graphene
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Cure monitoring with carbon nanotubes and 
graphene
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Conclusions

• Embedded Fibre optic sensors with 
Fibre Bragg Grating show great 
sensibility for multi-sensing. However 
the problem with sensitive connectors 
has to be solved.

• Guided waves show great potential for 
scanning of large objects. 3D 
geometries has to be expolred.

• Resistive sensors show a great 
potential for being embedded into 
composite structures for multisensing 
purposes. However, the short-circuit 
situation in a carbon fibre environment 
has to be solved.
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Thank you for listening!
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