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Feasibility Check of Textile Sensor Made of P(VDF-TrFE) for Structural

M

Health Monitoring of Composite Structures

Ji-Hun Bae*, Seung-Hwan Chang*’

ABSTRACT: For structural health monitoring of a complex shaped structure a new sensor that can compensate for the
drawbacks of the current sensors such as brittleness is needed and the sensor should be highly flexible and durable. In
this study a textile sensor made of polyvinylidene fluoride trifluoroethylene (PVDF-TrFE) which is a type of
electroactive polymer was fabricated. And the textile sensors were applied to a complex shaped structure (an egg-box
panel made of carbon/epoxy composite) for checking their feasibility of structural health monitoring. To correlate the
collapse response with failure mechanisms of the structure the multiply-interrupted compressive test was carried out.
During the test, the textile sensors succeeded to prove their applicability for damage detection (crack initiation) by
generating electric voltages (0.05 V-0.25 V) in the real time.
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2. ZSMM M=
2.1 P(VDF-TFFE) M-8 =t

P(VDE-TrFE) 22314 o+ (KF W#2200, Kureha,
Japan)©] PVDF$} TrFEQ] B892 7}7} 75%9} 25%0] T}
P(VDF-TrFE) A+ H|5-41% "¥ (Torsion-stretching
method)& &3l A& om 1 142 oh3 2 Zoh25].
(1) P(VDF-TrFE) T}-2-t] & 8-A| (Methyl ethyl ketone)o]] =
of g9 A%, () 10 wit SN & §2 9l0] A e
T A5 =EZAFX](ZAA 2300, Zehntner, Switzerland)Q} 2%
9 =3 W] (ZWA 2121, Zehntner, Switzerland)S AR2-5}10]
5 AlEE (3) A4 P(VDE-TrFE) 55 7H2 (2 mm) x A
Z(0mm) A7)0 AEZHOE X2 T 40n ZHrjdtE &
of T oo R 450% Tk AIAFAI 7] (Fig. 1a). Hl&E-
XA v © & A2kl P(VDF-TrE) A-8= G233 € (Hollow
type)o|™ A5-9] ¥ F7| (Wall thickness)} 0] B }= 7}
7} 6-7 um@} 150-350 pmo]th[25](Fig. 1b). A 2% P(VDE-
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Fig. 1. Torsion-stretching method for fabricating fiber; (a) torsion-
stretching process of a film strip and (b) SEM images of
fibers fabricated by the torsion-stretching method [25]
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£, 187 "L 77 260 MPa, 900 MPa, 1] 1. 35%%
=45 [25).
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Oﬂ 212k 1A o}‘ﬁf’%(Flg. 2a). A ePE2 P(VDE-TrFE)
107F5-2 A= FLobA] A2k o n SEM f‘r%ﬂéﬂr 3
& 22 625 pm= YHEEITH(Fig. 2b). AEAIA AlZE A 35
7o Ao AES s AR 149 gErt /\Hﬁz‘ o
Folg Ze YS ARESHATH(Fig. 20). AIAHE AE=A14 9
37]= 7} 20 mm x A2 20 mme] AL 9] FEjo|
o], P(VDE-TrFE) Afohd, A= Af 2 4d AR &
2 747} 9F 650 pum, 400 pm, 280 umo|ch(Fig. 2d). Z17]4]
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<Weft>

Insulate fiber

Carbon fiber tow (1k)
Electrode

P(VDF-TrFE) fiber
<Warp>

<Plain weave>

Table 1. Material property of fabrics

E, E; Xy Xy p
54 GPa 54 GPa | 591 MPa (591 MPa|1480 kg/m3

WSN3k

E;: longitudinal compressive Young’s modulus, E;: transverse

compressive Youngs modulus, X;: longitudinal compressive
strength, X: transverse compressive strength, p: density

A yamn: 10 P(VDF-TrFE) fibers
i Flectrode (in black) P(VDF-T(FE)

and insulating {in red) fibers  yarns (in white)
(Weft) {Warp)

(c)

Insulate Electrode
280pm 300~500pm

=1
=

B

650pum
P(VDF-Tr1FE) fibers

(d)

Fig. 2. Fabrication of textile sensor; (a) schematic view of textile
sensor, (b) SEM images of P(VDF-TrFE) yarn, (c) weaving
with aluminum frame, (d) textile sensor
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Fig. 3. The shape of composite egg-box core and major termi-
nologies: (a) overall shape and dimensions and principal
contour geometries, and (b) test setup and loading direc-
tion
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AT YL ANSIATH2627). A AE mexe s 2RA GEAELS SABHATh HEAA AR Hey
Aoz 39 glo] Edo]d Bou] EAT AN NS 2 AwwL o] Astua YEsha A PA e mA
249] o) ze 1 Abolo] AHIBHATE A BAML Al B OFzE WolH HAE A R B Abolo] AT F A
A A FxoA Fad Rl A np, A &, @] 5 WF o= S HUhFg 3b). A S
2] 3 SobRo|th(Fig 30). BE AR HFAEE (0L, 2mm/mino] LT B R AT o) o3 A

ol H3 R ] Y-S X5 A7 (Vacuum bag de-
gassing molding) o2 @ EZd| o] H (Autoclave)E AE-
sho] BEAIR AzA A ABUL HBA0|2E o4}
o] AP ATHE0EZE 80°CER =445 E 3027 4] &
158 £} 125°CE 28 1505 7+ &-7)).
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Fig. 4. Structural health monitoring of egg-box panel using textile sensors; (a) result of multiply-interrupted compressive test, (b) sig-
nals generated from textile sensor 1 (truncated bottom), (c) signals from textile sensor 2 (truncated top), (d) signals from textile

sensor 3 (saddle), and (e) failure mode
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ot ). 18al FukE A -oA gadg ESE wet A
AR 7] AR, A= SUHE dEo] 9 #Eo] A=
7HA] 2373k A A o] g <= (Phase 1) 2
Zofl /1A A EANA 194 0.25 VO] A4 T 7 A4S
om AT HHAY & G2 AI7FS oF 0.4%2 TESYCH(Fig. 4b).
oli= A EAIA 10] AFYE ZR vigoA HFgo] WA=
=7t S RANA EAYS v A F A BESE A o=
Tt} o]oj A = HAY Y (Phase 1)0] ZEAlA 27} 4F
Y 2 mho A A= ofnf] HiL w2 AlS= 023V
o, AF SR ¢k 0722 T TH(Fig. 4c). 2]
A 18] -2 7R &2 F o] A7) = =1kl A
Aol oJal] AZAA 27} Hh-g-51 3 om Al Ajof| A Y
39 FAATHAEAIA 1: 04%, 212414 2: 0.7%)
of o3t B = AT Hx 4EUY S
1 ZetkE T} P(VDE-TYFE)Q] W& = 4=
L2 e w27 wjtolch(8-16]. 1
st o= AEAIA 1, 29
A= R oFgkom thE Fejo|A o4
AA 13} 2= A71H A5 st
n|Fo] Ko}, 2 upRel A &
o] ®okoll A ol 7He] wtEol A
Foll A stdo] A Elo] st T
Ut ghA, SukE A HollA A
EAIA 3L 02% £91 025V
1 AS 2R o R AEAA 3SR
HE] o&zo g = 1 0.05 VRIE-GAAZF 0.05%), 0.1V
AZGAAIZE: 0.1%) 2 0.2 VRIS SZAIZE 01%) Al
7F RS o SubE ] oy thE AR oA BAHE
2L Fgo] A gtk HekEch(Fig. 4d). SHHE2] 4
- 29 upRe) A9 9] H9-eh= thEA o5 skl 9
3l o] ®gFoll A of ] Fgo] WA A7) AaHE S5l
A7 A FE 22 o 7k 2R o
o] WA wf 71 ujA] FAof | AlAfol|A AT 7} A
Flom, o]= &4 1A ete] 7he A Holsal itk E
gt Ed8 A dSHAE T AT SR AlEe] gty
= T 0 E9E wef ZojR= FEE WY RIch(Fig. 4e).
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