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Fig. 1 Optic schematic of (a) independent and (b)
coordinated bipolarization Raman system
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Fig. 2 Polarizer for coordinated bipolarization

(a): 360%analyzer; (b): polarizer plate; (¢): half-wave plate
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Fig. 3 Optic schematic of coordinated bipolarization

[l

T

(a): incident light path; (b): scattering light path
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Fig. 4 Uniaxial tensile test on free-standing CNT film
(a); Photograph of mini-test; (b): Stress state unit
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Fig. 5 Raman spectrum of free-standing CNT film

(@
ﬁ A
W
[ ]
2 6244
i
£
7 2620
g
g
&
26164

T T T T 1

0 0.2 0.4 0.6 0.8
&/%

4 ZERSTHE

& 6 Ca) F1(b) 4351 25 H T WU b [) 42 ol 60 B 42 o] 794 o
TRIRA R TS By SE g 25 0 . Hp & 6Ca) af L, =AM ik
F RS 00, QU T QU FEFNAE N B R A 7 B
%BT 2 62/1 crn*leE %ﬁ*%irﬁ m(o) A.QGS)& A.Q(%) ’F ey
INTF 0. 8o I PR FFEC P LR P BE . o 45 2 50908 1 2 M BE R 4y
HTELE, A H RSN —14.0, —5.9 F1 2.6, I
Hh, M ey BB 1YW AQC, AQWY B AQUC BRI AR
%, BARRMEAR . 4354 0, 4571 907 A (4b) , BT SK
i A Hh = A TRy AR B ) A2 i R A R (5)

. (0) (90)
v 411’&1»0[( m AQ )
(90) (0)
ev 4%., m<5m —AQ) 5
7UV Z\I,Sm\or (m(() + AQ(‘?U) ZAQHS) )
T (5) B2 BMIBR L ev HACARE 6() FRYSZIRZE R, 15
H
Weer =— 1 815 em ', y =— & = 0. 372,
EuU
yov = 0.033ey — 0 6
06 AT WLSEIG 45 R 5 B SE LAY & . LI 45 AL
Leil s R 0. 372, 5 ESHE 0. 379 He#cHT; W U 5

TR AR R ev BY 3.3%, BT THISMH 0. AN iX & Bk

PIMSEE P A SRR Z T E, Al SEEMAS CNT H 1k
JE AR SR AR N AR ATRE o —1 815 em ™',
(b) Acttan(0.68)

2624
£ 2620-
£
&

2616-

0 02 04 0.6 0.8

&/%

Fig. 6 Raman-shift data of the free-standing CNT film with uniaxial tensile loading by using

(a) coordinated bipolarization and (b) monopolarization Raman system
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Study on the CNT Sensor for Strain Measurement and Its Control Method
of Raman Polarization

LI Shi-lei' , QIU Wei'* , KANG Yi-lan', LEI Zhen-kun?, LI Qiu', DENG Wei-lin', GAO Di'

1. Tianjin Key Laboratory of Modern Engineering Mechanics, Department of Mechanics, Tianjin University, Tianjin 300072,
China
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sity of Technology, Dalian 116024, China

Abstract The present paper studied the methodology of carbon nanotube (CNT) sensor applicable for the strain measurement in
microscale. Based on the varieties of polarization configurations of the Raman spectrometers, a series of analytic expressions of
CNT sensor were derived by applying the Raman properties of the CNT, such as the strain sensitivity and the polarization selec-
tivity. From the viewpoint of metrology, the sensoring relationships corresponding to different polarization configurations were
compared and contrasted with one another, which educed that the “bipolar homology” type is most suitable for the strain meas-
urement where both the incident and scattered lights are continuously controllable and always remain parallel to each other. A
new easy-realized control method for this configuration is introduced. The experiments proved that the method presented in this

paper can effectively measure the in-plane strain components in microscale by polarized micro-Raman spectroscopy.

Keywords Polarized micro-Raman spectroscopy; Carbon nanotube sensor; In-plane strain measurement; Polarization configura-

tion and control
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