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Advanced Composites Project

 Reduce timeline 
required for 
development and 
certification of 
advanced composite 
structures by 30 
percent
– 10-20 years, ~$100s 

millions 
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Design complexities in Aerospace Systems

C. Harris and S. Scotti, "Advanced Composites Initiative: accelerating the design/development/manufacturing life cycle for advanced composite materials for civil aviation vehicles," 2012.



Advanced Composites Project (Cont.)
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Evolution of Composites into Primary Aerospace 
Structures

Analysis-Test Integration Validation

Past

Present

Future

C. Harris and S. Scotti, "Advanced Composites Initiative: accelerating the design/development/manufacturing life cycle for advanced composite materials for civil aviation vehicles," 2012.



Introduction

 NASA Advanced Composites Project (ACP) 
– Reduce timeline required for development and 

certification of advanced composite structures 
by 30 percent

 Manufacturing Defects 
– Detrimentally affect quality of parts
– Lead to higher cost and cause significant delay

 Developed guided wave-based technique for detection 
of manufacturing defects in carbon fiber reinforced 
polymer (CFRP) composites

 Extended guided wave-based technique for in-situ
cure monitoring of composites using high 
temperature piezoelectric transducers

 Incorporated embedded fiber Bragg grating (FBG) 
sensors for guided wave sensing during cure
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Automated Guided Wave System for In-process Cure Monitoring of 

Composites using high temperature piezoelectric transducers
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Objective: Develop guided wave-based technique for in-situ cure monitoring of composites

Accomplishments and Significance:
• Acquisition and analysis completed real-time during cure
• Experimental guided wave signal characteristics correlate with cure kinetic simulation 
• Guided waves throughout entire cure cycle pushes the technology envelope forward

• Guided waves typically applied to solid state structures
• In-situ measurements during liquid and rubbery states at 

elevated temperatures

Experiment: Signal characteristics of guided waves

Automated guided wave system for in-process monitoring

Key Milestones:
• Non-provisional patent application 

(LAR-18973-1), prepared July 2017*

• Journal publication (under review) 

and conference proceedings

1. T.B. Hudson and F.G. Yuan, "Automated in-process cure monitoring of composite laminates using a guided wave-based system with high temperature piezoelectric transducers," Submitted to Journal of Composite Materials, 2017.

2. T.B. Hudson, B.W. Grimsley, and F.G. Yuan, "Development of a fully automated guided wave system for in-process cure monitoring of CFRP composite laminates," Proceedings of the American Society for Composites: Thirty-First Technical Conference, Williamsburg, VA, September 19-21, 2016.

*Non-provisional application has been prepared and is awaiting filing at the 

USPTO no later than September 20, 2017



Motivation and Recent Advancements
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I. Small-diameter Fiber Bragg Grating Sensor (FBG)
• Sensitivity: two orders of magnitude greater than

conventional FBG
• Same order as piezoelectric sensors

PS-FBG
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Strain Measured by FBG (Loads Monitoring)

• Strain (loads monitoring) measurement frequency (～Hz)
• Ultrasound (damage detection) measurement frequency (～MHz)
• Multiplexing

Guided wave (Damage detection)

Previous Application of Fiber Optic Sensors at LaRC 

Currently ~10% area of original fiber

FBG

DSS sensor testing - 20 LaRC fiber strain sensors in a 
single fiber installed on X-33 composite test article.

FBG 1

FBG 3

FBG 5
FBG 2

FBG 4

II. High Sensitivity of Phased Shifted-FBG

III. Usage Load Monitoring and Damage Detection/Acoustic Emission



Sequential Strain and Guided Wave Cure Monitoring Measurement 
Procedure for PS-FBG
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Heating and
Tension

Cooling and
Compression
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Strain Measured by use of a Reference Fiber

Recorded Guided Wave

Ultrasound/guided 
wave causes small 
oscillation of FBG 

spectrum

New High Frequency Guided Wave Measurement
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Comparison of Power Change (FBG vs. PS-FBG)
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PS-FBG

FBG

0.004 dBm

0.15 dBm

FBG 1, fc = 100 kHzFBG 1, fc = 200 kHz

PS-FBG 1, fc = 200 kHz PS-FBG 1, fc = 100 kHz

∆P =0.009 dBm

∆P =0.3 dBm∆P =0.2 dBm

∆P =0.007 dBm

Two order of magnitude increase in change in power 
(~20 dB Gain)



Why guided wave-based ultrasonic sensing with embedded PS-FBG 
for cure monitoring?

 Guided wave sensing with piezoelectric sensors for cure monitoring have:
– Inferred cure state (e.g., flow, gelation, vitrification)
– Pushed technology envelope forward as guided waves typically applied to solid medium

• In-situ measurements during all phases (liquid, rubbery, and glassy)

 Embedded FBG sensors can:
– Perform strain based cure monitoring
– Life-cycle monitoring of aircraft/other critical structures during service

 Integration: Guided wave-based ultrasonic sensing with embedded PS-FBGs for cure 
monitoring 
– Perform low frequency strain (load monitoring) based cure monitoring and high frequency 

guided wave sensing (damage detection) almost simultaneously during cure
– PS-FBGs 100 times sensitivity of FBGs and comparable to piezoelectric sensors

 Defect detection during cure with guided wave-based ultrasonic sensing 
– Unlikely with existing cure monitoring techniques
– ACP goal of defect (porosity and fiber waviness) detection during cure
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Publication List
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1. LAR-18973-1: “Automated Guided Wave System for In-process Cure Monitoring of CFRP Composite Laminates,” T.B. Hudson, F.G. Yuan, and B.W. 
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NIA GRA Program

 Strong technical rigor
 Work on “real” problems as part of a team

– NASA projects
– Collaboration with industry and academia

 Develop connections inside NASA
 For success, 

– Requires strong self-motivation
– Requires a Langley professor willing to make the 

non-traditional relationship work (Dr. Yuan does 
that)

 Carries the NASA affiliation
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Questions?


