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SHM System for

Composite Structures
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e Motivation:

Impact damage in composite structures followed by
continued cyclic loading can lead to structural failure
and an SHM system to monitor these will be useful.

JAUS

 Objective:
Develop an SHM system to detect and size impact

damage and predict remaining lifetime of a laminated
composite component.

 Approach:

Modally-selective Lamb wave sensors coupled with
damage growth laws and probabilistic lifetime
calculations
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A Center of Excellence

IS Structural Health Monitoring AMIAS

Transport Aircraft Structures

and Lifetime Prediction

Probability of PROGNOSTICS e SHM sensors for
detection > Current unanticipated events
Measured  [mmsmmp»{ state of structure (impacts etc)

state of structure Damage growth  SHM sensors for
I characteristics aging (fatigue etc)
*NDI tools for flaw

Structural Health [ Failure Model HStructural Model ] identification and
Monitoring System l l characterization

DIAGNOSTICS { Probabilistic prognosis of damage evolution]

(damage vs time or cycles)

Failure probability
within preset interval

high
Inspection and Repairs
at maintenance facility

| NDI
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JUWS SHM of Composite Structures AMIA>
|

Monitor unanticipated events:
A laminated composite aircraft panel suffers impact damage.

Identify location of damage:

Impact is identified by on-board PZT and FBG ultrasonic SHM
sensors which locate the point of impact.

Image damaged region:
Full-field NDI tool (Acoustocam) images the damage region (matrix
cracks...delaminations).
Monitor damage growth:

Modally-selective SHM sensors are installed around the damage
region to monitor further damage growth as the panel is
subject to cyclic loading.

Predict damage growth:

Measured damage size is used in a probabilistic fatigue damage
model which estimates the remaining lifetime of the structure.
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IS Monitor / Identify Impact AMIAS

Transport Aircraft Structures

Location
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Lamb wave signals from several to locate impact point
sensors due to impact
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IS Image Impact Damage AMTAS

Transport Aircraft Structures

Region

o CCD array with piezo-sensitive coating

* Real time subsurface imaging —video
rates

e Large area — 1-1.5 inch square

* High resolution — 120x120 pixels
* Non-invasive

*  Multiple applications

» Faster and cheaper than current
technologies

AcoustoCam

[ rexolite wedge

dry-couplant layer

S
: > constriction layer
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il

investigated sample

Manufactured by Imperium Inc
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SHM: Mode-Selective

Lamb-Wave Sensors for defect sizing

function
genero’roﬂwL ”‘*Mmm““
I I I
RF amp amp
| %
—r

e matched-pair of modally-selective
generators / recelver arrays

e delamination size correlates to
measurable time-delay of the received
signal.

e Time-delays are easier to measure than
amplitude changes etc.

received

signal

A Center of Fxcellence

Advanced Materials in
Transport Aircraft Structures

o ‘H“]J ||“ J

JJJJJ

i‘ . “Mu |I|l\$|ﬂ|m” it m{ﬁ’:r’g;‘%‘ ]""}*“filalﬁf T

mluit_l mode

%]Llll ”“ll;“
o 'fi;] Ulh’

single-mode

“selected

tlme (us)

The Joint Advanced Materials and Structures Center of Excellence



JAUS

~— S

Mode-Selective

AMTAS

Advanced Materials in
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Lamb-Wave Sensors ~ CEcAM

top view

specimen

ground
PVDF
electrodes

-

stress

electric field

The comb design:

- periodic array of sources (period=»1,) -
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cross-section
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Characteristics:

e unobtrusive: 0.3 mm thick
« malleable

 inexpensive

e mode-selective
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A Center of Excellence
S - AMIAS
m e I l S O r D e S I n  Advanced Materials in
Transport Aircraft Structures
i L |

STEPS in designing/fabricating transducers for the desired Lamb mode:
1) from the composite properties (elastic tensor, p, lineup)

=>» determine the dispersion curves
2) identify a region with minimal dispersion =

known group velocity (c,,) and frequency (f,)

3) design a comb mask with finger spacing A, = Cgou0/fo

group
4) fabricate the electrodes

5) assemble the transducers

Note: it is desirable to design a sensor which, at a fixed A, can excite individual

modes at specific frequencies: hy = ¢, /f; = ¢,/f, = c5/15 ...
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S e I l S O r D e S I n Advanced Materials in
Transport Aircraft Structures
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JNS Mode Propagation AMIAS

Transport Aircraft Structures

(minimal dispersion)
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A Center of Excellence

. . . AMTAS
Array Design Configurations c

- Generator array Is best connected in parallel.

function
generafor*

RF amp

) T ¢ Recelve array Is best connected in series.
# filter

Copper —‘-l I l I
Copper
Teflon —>

Generation Transducer array Receiver Transducer array

Tef!on
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Magnitude (volts/strain)

Series Vs Parallel Transducer AM—MS

Transport Aircraft Structures

B
8 x 10 T T T T T T T T T
_—} 8X10_6 ————————————— —Sensors =1 | |
. + Sensors =5 s ——Sensors =1 ||
: =-= Sensors =10 - Sensors =5
7 =+= Sensors =10
A 6+ 4

Series Sensor 1

| A;

> =4
13}
o
=
£

[u]
=

2 -

m 1 |

Parallel Sensor
0 T 1 1 | | 1 1 1 Il 0 1 | | | | 1 | | 1
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000

Frequency (Hz) Frequency (Hz)

V _(e*Ae*Ro*n*j*a)) Vo:(_e*Ae*Ro*n*j*a))

0

g n+(j*a)*C*Ro) S 1+(n*j*0)*C*RO)

Cl C2 c3 ] ] ]
QL Q2 Q3 | 1T QU 2T @@ 3T o3 ;R
® 8 Q -

14

: : N ) B
The Joint Advanced Materials and Structures Center of Excellence



A Center of Excellence

Energy harvesting circuit to power 4MIAS

Advanced Materials in
Transport Aircraft Structures

generating array

function

generator “

13 RF amplifier

Voltage (Volts)

Micro-Controllel

%Rl g
C) 1 O it
AC- DC_ % Rz 15 :
Rectifier Time (sec) %10
Q_sen ‘ 1 N 1 _ x10°
l Oscillator sACtlve SW'tSh O 2 o
C|Sen C_storage & RF ampiffer
op-amp 3
- O s |
| Passivel Switch g 1
= H
@ OHf
Passi Switch g
|f w i O 4 £
= Bl
_ -3
= Q_actuator - J
Important parts of the above circuit are C_actuator B
) 0.6 0.7 0.8 0% Time1tsec] 11 1.2 13 14 1_’.5
1. Energy harvesting actuator circuitry (Q_sen and C_sen) = xe
2. Generation transducer array (Q_actuator and C_actuator) Comparison of signals between RF generator and EHA (a)

Excitation signal (b) Receiving signal
3. Receiver transducer array (not shown) 15
The Joint Advanced Materials and Structures Center of Excellence



174

Delamination Detection
(simulated at mid-plane)
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JWs  Delamination Signature AMIAS

Transport Aircraft Structures
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time delay (us)

A Center of Excellence

JWs  Delamination Signature AMIAS

Advanced Materials in
Transport Aircraft Structures
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JAVNS Impact Delaminations

AM_MS

Advanced Materials in
Tran: ptA fISI‘I

Material:

Toray T800 BMS 8-276
manufactured by:
NIAR, Wichita, KS

—> cross-ply [0/90]4s
—> carbon-epoxy composite
= 4.6mm thick (24 plies)
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Impact:

- precisely directed
- variable (via m or h)

Enerqy=mgh

- ball radius: 1in
100g
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Impact Delaminations AMIAS
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Transport Aircraft Structures
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JWNS Impact Delaminations AMIAS

Transport Aircraft Structures

- prognosis -
I) composite part suffers an impact and 81
monitored with sensors; 2 6t
. _ _ 27
I) velocity changes = time-delay (1) ; & ,1 odf?/
i © L
convert T into damage level (S) 2 | & o 22 impact
+ 0 [ > 28J impact
0 10 20 30
S(’C)=a+b’Cm impact events
)
3 4o
coefficients a,b, and m § p
are determined empirically § e
Note: S(7) 2 impact-type specific :; '-x,m,,

time delay T
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JANS Work in Progress AMIAS

Transport Aircraft Structures
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JANS A Look Forward
Transport Aircraft Structures
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e Benefit to Aviation
— Maintenance calls based on need
— Cost saving
— Reduced downtime

e Future needs

- efficient wireless sensor systems for autonomous data
acquisition and data management

- damage growth laws
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