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Crack Propagation Monitoring of Composite Structures Embedded With Buckypaper Sensors
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[ABSTRACT] The static tensile test was conducted on composite materials embedded with buckypaper sensor to verify
the ability of buckypaper sensors to monitor the crack propagation in composite materials. Taking glass fiber composites
as an example, the resistance response of buckypaper sensors at various stages of crack generation was studied. The
stage of crack generation is predicted by the change rate of resistance, so as to realize the monitoring of composite crack.
The composite specimens were stretched to the crack initiation, propagation and fracture stages, respectively. Observe
the change of the resistance change rate of the buckypaper sensor. The change rate of sensor resistance shows different
trends with different stages of crack development. The cross-section image near the sensor is obtained by cross-section
metallographic microscopic test. It is proved that the buckypaper sensors has the ability to monitor the crack propagation of
composite materials.
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Fig.1 Macro and micro images of buckypaper
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Fig.2 Conductive schematic diagram of buckypaper sensor before
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and after stretching
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Fig.3 Production process of buckypaper sensor
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Table 1 Sensitivity and fitting degree of buckypaper sensor

A [X A5 RIYES 5
0%~19.2% 11.16 0.993
19.2%~37% 14.77 0.991
37%~45.8% 31.72 0.985
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Fig.4 Resistance change rate of buckypaper sensor under strain
cycle of 0%—-10%, 0%—-20%, 0%—-30%
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Fig.5 Schematic diagram of specimen stretching
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Fig.7 Image of sensor resistance change rate and specimen image at

crack initiation stage

20254E 5568 % S 1710] - it hlE A 119



,—‘i. N »
m%lﬁx RESEARCH

LIk AR CNTs 22 8] BB BRI A o JEAR 1 5 L AR B 3R
S BN e R N R VAL % 29 G 53 e S )
VERATE 2 SRR I =2k T 34,

TEMBE Y A5 R 17.504 x 107 BF, 1 SALHs Hl
3 SAEIRAR ARR, R FA A 58748 | 1 S AL R4S AR/Ry A
2.319% 8 il & 2.568%. 3 5 £ IR AR/R, M\ 2.319%
BTN 2.468%. 4EHRFEW, I E S AP R SRR BT
1 50 3 S AL IRAR BT B, 30 CNTs Z ([ iE
BRI, B (] F BE A

TERf IS BB, 3 AMEIRAR AR/R, TAFTE /NI Z7E
Ui BH LR RS B/ N W 4, MaUE R Y e, E 8 (b)
R AR 2 5 A% SRR BT Y A T 4 A RS, mT LA

BB Y, A KBRS B () LT SR TSR i
L, TF PR R A K RS SR T A MRS W D 2 ™ e
Brie. 8 (c) s sl R B il ik Ao
333 XA A BB S

K9 (a) B NBESL R G AR RS R
PRI A 2 WA R AR 50 ) IR IR AR/R, G FR
HE 9 (a) AT, FiEF R4 5 248 ny e ih S 4 AL
TEGTBE T, A8 Jy 5.416 x 10° 1,2 S4L 2% AR/R, M\
6.842% TN ZE 19.658%, [AIAH 1 J1 M 315.52074 MPa Ji
/% 303.95157 MPa, il 2 ‘S AL IRER T 2 A A RN
FEIARMWTSE 53 IR, B CNTs Z [H] B 23k,
% [ FEL RHLA R, s S PR IE I T & A A BHAAE 2 5%

—- Stress
— AR/R of sensor No.1
—— AR/R, of sensor No.2
Mk 1 ByE¢Nl = AR/R, of sensor No.3
REGR MR B
800 13.0
700} {40 30
12.5 o o °
| 420 s 130 o ]
g ERRE Ry
= 400 115 8 3 8
2 300 T g 120 5 115 g
o 2] 2l N N -y Ly
£ 1102 o < (b ) TRPETE 5 H R B AL P A
200 - ° 2 110 ¢
0.5 s | g S
100 S 5 1055
or {0 10 10
_100 1 1 1 1 1 1
0 5 10 15 20 25
Strain/x107 feigtnl feigian MR
(a) BiJ. ARRERIAE AL (o) A B
8 Ry BMEBRERIFERTUXREGMIXGEE R
Fig.8 Image of sensor resistance change rate and specimen image at crack growth stage
— Stress
- AR/R, of sensor No.1
- AR/R, of sensor No.2
PrE I eIl pzall - AR/RE of sensor No.3
SR G i N N .
_14.99x10:¢ 4.99x107¢ 4.99x107¢
800 [ 14.98x10 451098X10 o 1 4.98x10 -
700 F 135 & S 60 S
L 130 e S S
600 £ 40 % 150 %
& 500 125 = 5 8
S 2 430 £ -40 Z
< 400 120 5 3 3
5 3000 {15 s 120 3 30 s
A 9 S <
L <10 x = 120 =
200 2 110 5 g
100 15 < -10
of X 40 10 -0
1 1 1 1 1 1
0 5 10 15 20 25
Strain/x10°°

(a) W71, ARIRBENE A EL 2k
B9 ERMRERSFEETHERERGIIKGE R

Fig.9 Images of sensor resistance change rate and specimen at fracture stage
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