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A Study on Nano Carbon Based Piezoresistivity Sensors
Characteristics For Structural Health Monitoring

Sehoon Park

Department of Mechanical Desgine Engineering,
The Graduate School,
Pukyong National University

Abstract

This study characterized nano .carbon based piezoresistive ‘composite
sensors for applications of structural health monitoring (SHM). The
composite sensors were made of multi-walled carbon nanotube
(MWCNT)/epoxy and exfoliated graphite nano-platelets (xGnP)/polystyrene
(PS) respectably. The piezoresistivity of the nano carbon based composites
was utilized to develop novel strain gages and their basic static strain
sensing properties such-. as. linearity, hysteresis and . stability were
experimentally characterized.

For the preliminary application of impact monitoring system, a sensor
matrix network was built on a carbon fiber reinforced composite panel with
long xGnP/PS strain sensors. The impact sensing properties of the
xGnP/PS sensors were investigated under ball drop tests and their impact

responses were measured by using a signal processing system. For further
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applications, a robot joint torque sensor was developed by using
MWCNT/epoxy sensor under loading conditions both tension and
compression. The novel carbon nano based composite sensors showed
fairly good sensing characteristics in experimental tests and their

performances were compared with conventional foil strain gages

Key Words : Carbon nanotube, Strain sensor, Structural Health Monitoring,

strain gage
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Fig. 3 Piezoelectic sensors : (a) PVDF sensor and (b) PZT sensor.
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Fig. 4 The case study of using FBG sensor to adapt SHM (a) sensor and
(b) installation position.[22]
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Fig. 7 For a hull ship. health ‘monitering sensor setup  position.[27]
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Fig. 14 The! linearity of MWCNT/epoxy sensor and strain gage.
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Fig. 15 The linearity of xGnP/MWCNT/PS sensor and strain gage.
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Fig. 16 The hysteresis of MWCNT/epoxy sensor and strain gage.
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Fig. 17 The hysteresis of xGnP/MWCNT/PS sensor and strain gage.
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Fig. 18 The zero drift of MWCNT/epoxy sensor and-strain gage.
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Fig. 19 The zero drift of xGnP/MWCNT/PS sensor and strain gage.
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Fig. 20 The dynamic response of MWCNT/epoxy sensor and strain gage.
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Fig. 21 The dynamic response of xGnP/MWCNT/PS sensor and strain gac
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Table. 3 The characterization result of carbon nano based sensor and
strain gage
sensor | xGnP/MWCNT/ MWCNT/epoxy )
strain gage
element PS sensor sensor
Gage factor 2.92./1.05 2.47 2.1+0.1
Strain 0.46[V/e] /
. 0.30 [V/e] 0.33~0.39 [V/e]
sensitivity 0.20[V/e]
Linearity 4.95% / 4.91% 4.56% 4.09~4.90%
Hysteresis 16.2% 11% 3.3~4.78%
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Fig. 22 System for SHM by using xGnP/MWCNT/PS sensor.
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Fig. 23 Impact estimated method under ball drop.
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Fig. 24 The ball drop position BO , B1 ,B2.
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XGNP/MWCNT/PSE 7]uto
Z}z} 100mm, 150mm, 210mm o] Ak “*OV% Sl B2,B1,B3 X
A 0.41J, 0.83J,
Fig.25, Fig.26, Fig.27, Fig.28, Fig.29, Fig.300] =A|%o] ¢l

J a9

1.25J 9]

ZAgke] sk

Az C1 AAe R1 Al el wxbd BOgt

h 6

=g o

ﬁ‘f

Ll E

Table. 4, Table. 5,
C1 Al st

R1 AlA 25 QI7hs = Aol 7kl weh S8 xdgte]l S7kshs A3 4

solg 4
3} B

. Table. 4, Table. 5+

Table. 4 Impact response of sensor C1

Z+7+C1 AlA 9 R1

Collection @ pknu

Position Distance 0.41J 0.83J 1.25J
BO Omm 228.52 [V] 274.94 V] 665.58 [V]
B2 100mm 218.47 [V] 262.36 [V] 665.57 [V]
B1 150mm 205.12 [V] 250.54 [V] 645.97 [V]
B3 210mm 199.82 [V] 24471 [V] 655.67 [V]

Table. 5 Impact response of sensor C2

Position Distance 0.41J 0.83J 1.25J
BO Omm 357.60 [V] 671.85 [V] 1164.34 [V]
B2 100mm 342.47 [V] 643.72 [V] 1159.15 [V]
B1 150mm 329.10 [V] 628.71 [V] 1146.38 [V]
B3 210mm 312.24 [V] 617.56 [V] 1149.14 [V]
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Fig. 25 The graph of a reliability for 0.41J at C1 sensor.
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Fig. 26 The graph of reliability for 0.83J at C1 sensor.
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Fig. 27 The graph of reliability for 1.25J at C1 sensor.
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Fig. 29 The graph of reliability for 0.41J at R1 sensor.
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Fig. 29 The graph of reliability for 0.83J at R1 sensor.
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Fig. 30 The graph of reliability for 1.25J at R1 sensor.
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Fig. 31 Sensor output volatage w.r.t impact level (a) point BO (b) point B2.
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Fig. 32 Sensor output volatage w.r.t impact level (a) point B1 (b) point B2.
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Fig. 33 The spoke type joint torque sensor.
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(a) MWCNT/epoxy sensitivity
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Fig. 35 The sensitivity of MWCNT/epoxy and strain gage.
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(a) MWCNT/epoxy hysteresis
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Fig. 36 The hysteresis of MWCNT/epoxy and strain
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