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Investigating the effect of delamination on self-diagnostic behavior of

carbon/CNT epoxy composites
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In this paper, the piezo-resistivity effect is utilized to experimentally
Abstract . . : . . . . . .

-mveéhgate self-diagnostic behavior of composite laminates in determining
delamination. In order to do so, composite laminated beams with unidirectional carbon fibers
and epoxy resin containing CNT are produced while Teflon tape is placed between layers of
some samples to artificially insert delamination. Three-point bending tests are conducted and
stress-strain curves and electrical resistance of the samples are measured for not-damaged
and damaged beams. The stress-strain curves are applied to interpret and determine damage
mechanisms and to extract time data for the evolution of each damage mechanism. This time
data is then used to determine the self-diagnostic behavior based on the variation of electrical
resistance of the samples. The results show that in general, the electrical resistance of the
Inot-damaged samples is higher than the damaged ones. This fact shows that piezo-resistivity
effect can determine the existence ofthe delamination in the samples. Moreover, the propagation of
delamination leads to electrical resistance increase when the delamination is placed far from the
neutralaxisofthebeam.Inaddition,decreasingthedimensionofthedelaminationreducesthesensi-
tivity ofthe self-diagnosing behavior, which means that the variation of electrical resistance cannot
determine the evolution of small sized delamination. On the other hand, the longitudinal
location of delamination does not have a sensible effect on the behavior.

Carbon fiber composites, carbon nano tube, piezo-resistivity
Keywords — = = .
effect, delamination, self-diagnostic behavior




S 33 a5 SLaca galS liceagd JHE ) 3 sl Gus plialos S oy

1] 592 48155 ol o il | loogesd ol 5 odlisal 1S Jl 5
3590 03l M (il 3 Wl oo & g ot J (S
Sujonls oS 4 glS paskil 4l xS )5 eolit]
Gl 3l jebate ] lgtul TCuwglisgin cuols (gl
15 sl 558 Jlasl b osle oS 2801 Canglio yeis Caogling
paseis b odd adlo (93lge iz 5l (259el8 0jl (B ]
ol 25 g il 3Sles (> )3 g Ml g0 4 s
Sogbs) 4 Cund (g8 Jha sauie Jbb e 0 by
wbly L ey ol 9o sl wimles (o5 u Ml Ly O]
Gl Glo Ul (Ll s9o0 ) (G jgpels ojle (S Sl
S Sl lgien sly ol 53 dge3 sy 5 S pSeal ]
o) 5 o (ONT) 25 slady) g6 S5 55 (0
2,5 a8l oolasiwl dyg0 oy 4 1y cilyd

S 4 QS ey (05 Al uS sbedy) SU
bl Aty b Sl 5l Bed b ol clol 4 wilszl
PO [0-Y] Wgd oo aible o)lpdriz g 0SS g0 4 g
035 i 9 O8LS AY 6 08 Ayl o)lnd S sladly)
WY 2z (35 Ay b olgony cladlyd b 5 wlgl 4
wlgil (90 S o & laalgl 4 bl g g 815
0Pl Egeime 3 [F]93,5 oo bl )15 )18 095 5l 55 )5
e 4 105k o gl b g Jobo Sl (b ) cladly) b
slodg) U ol s g Jobo obj AW 4 aagi b L
ol Jlo olsis 4 ool Sglita s Vo oty 5l Ss
Casbo 5 ol ol 2 Bl slaage (VAAY) liSen
5 oo L8 adllas 590 1) aily 05 sadldgil g)lsle
JKLES V0 + 250 3 1) 015005 sl gl L Joe
slaepSoilnl g clivlel ;o )b 51 [V] Wlodges duwloxe
YV 0jl ojlgdny sadgdel g9y gl bawg 485050
S 5] o ) Atsta¥] o (sl |, Jllys /20 I
JA] o o oyl il yd

Sliios ggige 35 oS sladly) gl (Sl polss 5,40
ol & cwl o Sl it Gldlas ol 034 ()l
dg) Madlpls) Slecwd ¢ jhd wlel p Gl 5l awes
AT asl awsly obloydes b obley/ g5l casls wily o
(VA7) e gyl 9 (VAVF) (ol 9yl Jlto (loie &
9 0)l30SS ()8 sdglgl (6 SUl Ul g 0y Caoglie

7 Piezoresistive effect

8 Carbon nano tube

9 Single walled carbon nanotube (SWCNT)
10 Multi walled carbon nanotube (MWCNT)
11 Chirality

oo )
il (2hb bl (wlul pr (wdize slaojlo (S >
23 98 b ailin T anS e 2k (s 4
P > (s glaojl Jl (I b sl plgd 035 sl
Amd o 5y 13l o 1) ojle 3,Sles 48 039y ol (slacuu]
ol ol el (315 &)l S el jslaie g Ly cnl 5
el 5| wlas (sla—ojls ogas 4 bojls ;> cuwl ol
Spgo & Glgiee |y (o Slacawl ul l5)55 5 Sl
ol ST Ll sges s (ol lines 4 5k e g e
2355 o wles oy (Ll s 51 g 0390 05k S50 53 Ll
e 393 Gy b g 03,8 bl ojle gl 1y (ool ol las
elbs 5l dmg ks 153,5 _ Si5e b | g el
ST lal Jole 5 1y o5l 53 oleis cgas wlgn o5 caas
3y90 Ml (yoyed 53 yiaS (gL je g yid Cgges b g 03903

Gl d g
Jdd 4 op)S BTG Yy slacyjemlS il ond aislo slao b
srojos 5l gyl 0 YL (59 4 plSotinl i 1 gyld 05
o2y 3 ojls cnl d2g cnl )l 3,18 cwie atb iy
Uinhe 5 TG sl M aie ) canSs wile (6l (lacal
o By il (S lSS g ploxinl a5 aib o Tl oy
oles & Y o Gisle o ol 0 e e ials ool
ojls 2,5 oo )3 osal D2 L ke S
JB oty Spge 1) Wl Slas 4 4Ya (el
ojle (SiunS o il el wlg o o Cdpt g 03905 olwlis
SOY o plale pasts (B)b )l (el ojle ]
DT a8l Jods pgwye ymeps slagls) 5l edlitel L
oMl il lp ojgyel &5 ()Pt pasis slagby,
fvwgu] axdi| L;)l.));).:ym LY U‘?JLfo J.).))fdo odlaswl Lm)L»
AT o Bogale 2lo)S Jloges (2S5 505 Eigald oSl
oS by nl Jcnl b aged o)Ll 7ols)S sl g Joge
g asly 03903 )8 Jiwy g oS Sl a5l w3
)‘l b)b S99 Oi 2 wT JL;;)\ PLY ub"" PUSRVAN wl M)La
SRS Sl (Bl Sl bl o yed )3 5 039 pasuie i3
Lghm)l.w dl).) RV P b); )4& Oygo Lmuwa) L)‘,]
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X-ray inspection
Ultrasonic inspection
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