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Motivation

» Non-Destructive Evaluation (NDE) of
structural health in advanced energy
systems.

Examples:

o Ultra Supercritical (USC) systems:
Steam temperature 760°C, pressure 5000 psi.

* Integrated Gasification Combined Cycle (IGCC):
Temperature well above 1000 °C ,2000 psi.

Challenges:
» High temperature, high pressure, C PTJ ;&
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Project Overview & Objectives

* Objectives:

* Develop an embedded, remotely controlled/
monitored quasi-distributed sensing network for
NDE of advanced fossil power systems.

Potential for simultaneous multi-parameter measurement
(temperature, strain, corrosion,cracks).

CPT will develop a fiber-optic NDE sensing system and
evaluate it by a laboratory test apparatus.

CPT¥
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Technical Merits

Traditional Traditional FO NDE
FO NDE
Temperature Cracks T, S,
Measurands (T) Corrosi(;n Cracks,
Strain (S) Corrosion
Embeddable Yes Challenging Yes
Multiplexing Yes Complex Yes
Active/Passive Passive Active Active
On-site Power No Yes No
Sensor <200pm Millimeter ~ <200pm
Dimension (0.D)) Centimeter (0.D.)
T<500°C
Temperature/ T>800°C, Low ’ T>800°C,
Pressure P>5000ps1 P>5000ps1
Pressure
EMI/COIT?SIOH Yes/Yes No/No Yes/Yes
Immunity

é
The proposed sensing
technology will
demonstrate better

performances in all
the listed aspects.
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lmpacts

- Increased safety, reduced cost, better
performance:

 NDE for advanced fossil power systems:
USC boilers.
IGCC gasifiers.

 NDE for other applications:
Civil.
Security/Military.
- A new concept: “active” sensing in a
“passive” configuration.

CPT¥
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BACKGROUND AND
FUNDAMENTAL

TECHNOLOGY CPT*
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Existing Technologies (NDE)

* Thermal 1imaging:
* Distributed temperature on outer shell

* Heavily insulated — only appropriate as
a final safety measure.

* Requires on-site access.

- Remote piezoelectric transducer:
¢ Generally low temperature.
* Degradation associated with EMI and corrosion.
* Requires on-site electric power.

CPT¥
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Proposed Approach:

« Active FO-NDE:

* Long-span, multi-parametric, quasi-distributed.

« Each sensing cell comprises a pair of acoustic
emission and detection sensors.

Optoacoustic acoustic emission.

High temperature acoustic detection.
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Proposed Approach: Principle

- Key: acoustic signature encoded with

plentiful information.
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Project Team
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Organization:
Organization Responsibilities
Virginia Tech CPT Overall project management and
largest university fiber sensor coordination
R&D group in the U.S. All sensor development efforts

Personnel:
Personnel Responsibilities
Anbo Wang (CPT) Project PI: project oversight
Cheng Ma (CPT) Oversight sensor development
and testing ’F%.
GRA x3(CPT) Execution of research tasks CPT-
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Scope of Work

* Design & construct FO-NDE system.

* Development of FO acoustic emission and detection
elements.

* Development of sensing system.

* Conduct computer simulation.

* Develop computational model to describe acoustic
generation and propagation.

* Construct test apparatus.
« Develop laboratory test apparatus for sensor testing.
¢ Develop sensor embedment techniques.

- Lab test of sensing system.

CPT¥
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Tasks to be Performed
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Project management & planning

2. Acoustic generation, propagation and

detection modeling
Sensor element design
Demonstrate single FO-NDE element

Design, implement and demonstrate sensor
network

Test sensors 1in the simulated environment

Prepare final report W
P P CPT¥
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Proposed Schedule
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Budget Period 1 | Budget Period 2 | Budget Period 3
20{ 11 | 12 | 13 | 14
Task Description Q4/01/0Q2/0Q3]0Q4|0Q1/Q2/0Q3]Q4|0Q1 Q2|Q3| Start Date  End Date Cost
1 PI’OjeCt Managemnt&Plannlng AIIIIIII EE NN RN NN NN NN NN ENEEEEEEEEEEEEEEEDR 10/1/2011 9/30/2014 $112,00000
2 ACOUStIC Genera.lflon’ Propagatlon and e S NSNSy EEEEEEEEEEEEEEEEjEsssmEEEEEE ] 10/1/2011 6/30/2014 $118’OOOOO
Detection Modeling
3 Sensor Element Design 11/2012  9/30/2012 $132,706.00
4 Demonstrate FO-NDE Element 4/1/2012  12/31/2012 $324,000.00
4.1 Develop FO-NDE Element —— 4/1/2012 9/30/2012 $150,000.00
4.2 Demonstrate FO-NDE Element 10/1/2012 12/31/2012 $174,000.00
5 Design, Implement and Demonstrate 1/1/2013 9/30/2013 $347,285.00
Sensor Network
g estSensorinthe Simulated e ® | 1012013 63012014 | $436221.00
Environment
7 Prepare Final Report A 7/1/2014 9/30/2014 $24,502.00
Technical Progress Reports QIQ|Q|A|IQI|QTI Q| A|]Q | Q  Q F
@ Project Milestone PN Umbrella Task | Budget Period s
—> Linked Tasks: Application Info. m=umi Task Continuation C P T %
Reports: Q - Quarterly A - Annual T - Topical F - Final g /
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