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A Study on Strain Sensing Characteristics of Nano-Carbon Smart Composites for a Strain Gauge

Choi Baek Gyu

Department of Mechanical Design Engineering,
The Graduate School,

Pukyong National University

Abstract

A strain gauge is one of popular sensors since it can measure deformation and force with a
simple processing data acquisition system. Since carbon materials have been studied to develop
a strain sensor, this study experimentally characterized strain sensing performances of
piezoresistive Carbon-Nano Composites Sensor (CNCS) and its application in the case of
stress concentration on a beam to develop a novel strain gauge. The CNCS was made of
multi-walled carbon nanotube (MWCNT)/epoxy composites by using nano-composite process. The
sensing characteristics were experimentally evaluated with tests of linearity, zero drift, hysteresis,
thermal effect, free vibration and impact. The CNCS showed fairly good strain sensing
performances compared with a conventional strain gauge. This study also examined geometrical
parameters of the CNCS such as width and length to design the strain gauge. The design
parameters determine the strain sensitivity and that can be explained by a piezoresistive model.
This study presume that the electrical conductive paths of the fillers in the matrix may dominate
the piezoresistive changes and that can be designed by the parameters as well. For the application
of the CNCS fabricated by brushing process, this study tested its sensing performance in the case
of stepped beam which brings stress concentration to the structure. A stress concentration
evaluation at the discontinuous region was conducted with experiments and ANSYS analysis. The
experimental and analytical results showed wide discrepancies and that may be caused by

imperfect boundary conditions due to the experimental setup.

Key Words: Carbon-Nano Composites Sensor, Strain Gauge, Installation shape, Stress

Concentration, CNT, Piezoresistivity,
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Fig. I-1iSkin a thin, flexible, stretchable and visually customizable touch sensor (a) iSkin touch sensors
(b) voltage output owing to touch contact events. [3]
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Fig. I -2 MWCNT films deposited by inkjet printing (a) Optical microscopy image of a CNT film with a size of
2mm x 30mm (b) corresponding SEM image of the CNT film (c) change of resistance vs. strain. [4]
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(b)

Fig. I -3 Conventional cardiac monitoring sensors (a) BIOPAC MP 150 Biopac Systems Inc. USA,
(b) MEMS piezoresistive sensor. [5]
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Fig. I-4 3 x 3 neuron network on the 1m x 1m composite panel. [6]
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Strain gage

Fig. I-5 A spoke type joint torque sensor by using painted strain sensors made of a MWCNT/epoxy
composite. [7]
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Fig II-4 Fabrication methodology of nano-carbon composite strain sensors: (a) solution casting, (b)
spraying, and (c) paint brushing. [1]

Fig I-5 Installation of the CNCS (a) front CSCS(50mm x 8mm x 0.25mm, R=4.201kQ) (b) rear strain
gauge (Tokyo Sokki 120Q).
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Fig O-1 A signal processing system of the CNCS.
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Fig I-2 A sensitivity of the CNCS and strain gauge
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Fig II-3 A static characteristics of input and output
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Fig I-5 A hysteresis of the CNCS(a) and strain gauge(b) [enlarged].
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Fig H-7 A zero drift of the CNCS (after) [experimental time: 60s and 300s].
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Fig. Im-12 An impact response of the structure with the CNCS and strain gauge under random impact.

-30 -



ﬁc;i:

39 3

o

IV. CNCS A&}

Fig. IV-1 o] =A%

=
=

el =l

B

%
Jjo

)
)

o

i

g Mgl

Al o] A]

2o,
— =

THj7E 3R E

=
=

©
o

—_
file)

)

AES 97t 9t} Fig V-2 o SG ¢ gj=zold u}t

g

h 8

ok [23] o9t o] SG oF FAFE 2E#Q AlMQ1 CSCS

=qpon

o ut

3%

RS E

1
s

o 2 AFlA

s W

°] 7b&

I

/GAGE LENGTH

Fig. IV-1 A selectable gage length of the strain gauge.

-31-



STRAIN

| = PEAK
STRAIN

INDICATED
STRAIN

X —>
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4.1 CNCS AIZF o] digt AIdEA

4.1.1 Aol gt AFEA

2 AFoAE ONCS o AAFAde] wE SAANAYUSTS vostr] $lske] Fig.
V-3 3 #Zo] & oA 4] FAlol 45mm "ozl XoRHE i FA=
AdAs} 2+ dol7k & 50mm, 30mm, 20mm 2 3 /je] AME A=
3 /MY AAME TY BFLATEAAN AREHATE MM L2 8mm oln FAA=
AMA o] 43S Table 4.1 3 o] JeERRATE F&0] 7HA &
A5l dele] Hlalste] A o] Sttt

Lo

0.25mm o]t} z+z+
I} &2

Age] 54

=

Table 4.1 Resistance of the CNCS.

Electrode length (mm) Resistance (kQ)
50 4.201
30 2.556
20 1.228

Fig. IV-3 Installation of CNCS (50mm, 30mm, 20mm).
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Fig. IV-4 Installation of the CNCS on the length and width.
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Table 4.2 Resistance and resistivity of the CNCS on the length and width.

Base Width
Electrode . . . C
length Resistance Resistivity Resistance Resistivity
(mm) (kQ) (Q/m) (k<) (Q/m)
10 3.888 0.78 6.656 0.50
20 11.8563 1.19 15.688 0.59
30 23.418 1.56 20.89 0.52
40 42.79 2.14 35.07 0.66
50 76.78 3.07 50.1 0.75

oA A v AR oyt EodFE AYS FHo| HE wet F& oo
B Fkekelal, 22 Aol giste]  Fo] FopxW 30mm ZHAE A Fe]
oA Ttz 20mm @ W= Fo] w2 A wasA Aol 23|y o AR
CNCS ¢l HAxAdF=7F FHgo] FALRE widsoldrt S @l CNT 9
T ¥ (aspect ratio)el o3 AF wAYFeo] Gl ZoR
ARHow B W 559 AFTAANAUSTES AFS ol HldEsa @A
whjElstA Rt CNCS & a4 ol SdAEe] F29= wjdso] gl
FoE R Zhzhe] viA o] gkl Wk ofye} Fo] FolE4E T3] oA mdH
THAES] AEAHTEE TE FEC] FolA T2 HoldA Fo] ZHAEFH
Ago] Folx= FoF AlmHETE olF CNT(SZADS FT3u|ek ¥4
20mm ¢ wF-Eel Adet o] AFo] vhAl Frhshe ATdS HAvh wE
A g FEEA Fo] FolE A Fo] WS wHTl Holo] uiste] M A
W7l AolA s Aol yehEd ole 919 ARt i AR

%o e o)
AE7h wEeld #HFol ol UAW AR HAL E Aoz Azt

ek, AAME A o Ao oer F5 ZA ek Aol A dole] WEte] uhE
A wE e EREAEE 24 ¢ de Aot



4.2 CNCS ¢ 2E#¢l &4 WAY=

A3 25 Gt 2HAE C ST G T 5 FH Zddo
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ClE ¥ ~E{Q #E Table 4.3 o] =AI3AT. 2cm 2 A ZE AAE= 2 H o]
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0.307mV, 50mm = 1.8 ®jel 0.388mV 7} =%o] Htk. CNCS 2EH S =4
HAYSe A WA F$E CNCS 7F =xd 299 2EY e st
Z9%ty 74 PS W 20mm o A5 F 2EHQS FACARE FEe] HA

S ~E QS d3dte] F 3420pe, 30mm = 20mm 9 1.6 ®iQl 5694 pe,

B

o

50mm = 2cm 9] 2.3 Wi}l 7394 peglvh. E¥® Azpel wusgs W 49
SR EZE AR B BTk wHd FowlA 92 AMTE ExE 299
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Fig. IV-5 A voltage output of the CNCS.
Table 4.3 ANSYS structure analysis of the CNCS.
) . Normal Elastic Strain
X Location (mm) | Y Location (mm) Length
(umm/mm)

-12.501 20.001 1218 50mm
-12.5 29.999 1198 30mm
-12.5 35 1181 20mm
-12.5 45.002 1141 Mid-point
-12.5 55.007 1098 20mm
-12.5 60.001 1076 30mm
-12.5 70.005 1031 50mm
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o 0.1148s, 50mm ¥ @ 0.1152s 1om SG = 0.1164s 2 FAHJrE 30mm,
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Fig. IV-6 A freevibration response of structure with the CNCS on the length change.
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Fig. IV-7 Voltage output of the CNCS on the length.
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Fig. IV-8 Voltage output of the CNCS on the length at 100mm deflection.
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Fig. IV-9 Voltage output of the CNCS on the width.
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Fig. IV-10 Voltage output of the CNCS on the width at 100mm deflection.
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() " (b)
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| Strain gauge | strain sensor
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h

Fig. V-1 Installation of the MWCNT nanocomposite sensor on the stepped structure.
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Fig. V-2 Sensor voltage output calibration for the CNCS.
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Fig. V-3 Stress analysis of the stepped structure by means of ANSYS. [25]
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Fig. V-4 Strain measurements on the stepped structure.
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Fig. V-5 Aresult of ANSYS and Strain measurement for the CNCS.
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