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Study on the detection of delamination in composite
laminate

Young-Jin Yum
School of Mechanical and Automotive Engineering

<Abstract>

The amount of delamination occurring between layers of graphite/epoxy composite
laminate was detected by measuring resistance change. Specimens with various
thicknesses were made by laminating 16, 24, and 32 plies of graphite/epoxy prepregs,
and electric potential method was used by constructing bridge circuit. Resistance
change at every 10mm of crack propagation up to 100mm was measured. It was found
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that nonlinearity existed between the resistance change and crack propagation rate and
empirical formulas were proposed. The amount of interlaminar fracture in composite
structure will be detected and measured more easily with these formulas.
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A A8 2gARE F2E9 23 A 2 ALHENS F2SFAY, H9A
Qq, dANY 5 Aty Autel 2A F&8) FUHD YUtk oldl W EYAHE F2E
de AAE B 43 FFsA $3% F Ao EgAs FREY Gd4e 23
& A 2 otk BEAsE 7189 ZEA8ANE BolA & 7R 4o 24
e 5 1AM ASol s i AAPHolY APy FolM MEE ARol &F
HE ok BEHSBLe 397 AHAT} vl @) G B R s 4A 3
gt A FEe HEo WE F2ol BUASA LT7IT HIdE A4Y ANY
actuatorsE AMEEIA Zdolu R e ARE HARAY Y £ Y& T2
Bo] 82 wx k. 2 d2AH AR AMNE AU BEFARE BEOEH FIo|
U e 22 2Fe AAY £ e Bl d7sm Ak 2y Ag Al
g% Ay L e e 3 A EAEL AT Aok

(1) A9 AN E o) Bel Bsoiy F2EAE 82 47 gloh.
(2) A AMS AYE FE ZAE 1Y $E U
(3) A ANFE £4e ANe W Fart Brhsa
(4) 40 Mk 712 Abole] debonding WS FHel @A AUk

ojd iAo A HMrIHoz HEAo] v @ HAHYd M7HoZ HAMG] A
e FA4 7129 A& ol &3t AN FER 41, F2EY Ak ik (e 2 H
2ol H2 ALH ALY Electric Potential Methodgt 3= o] Wy e ojd =
@ 7177 B8 o] BEFTEESY HWA A S Boln EE FAFeEN FEH9|
7} RAge] wrel GASHE A HEAE FEI olRE FEYY Yoz A=
dryelt}, Todoroki®t Kobayashit® 71 2 mme] T300/9] ZA] E3A} & (Toray P3051-25)
AlEd] thate] A Holdl did dE A ZHolu|(da/L)7t 0252 wi$- e FHolA
Aggastes A8 2 A of P TEHo] W& HIwggo] AY B
ALE w3 28y of Aoe FA7 2 mmE F FFU AN FHE Fo] F3]
2L FEUNE OF JAoE2 FAJ e AEG 3EYV € S dig AgEs Bo)
A Feoh

2 dFdM e dadF 5EHZBES AFE}Y 2 mm, 3 mm, 4 mme 98 7R T4
9|DCB(Double Cantilever Beam)Al 8 & WEL #EIAE Hd 100mmY He HS7HA
wFete 7FE do] W& A WP FAE Wi FFHo2 FNEY AE: W
He gd3tein g
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2 AW A7) A8 Hse 23128 FY Aoty TAIE dotry] S3 Z&
=1 2728 AP &3] AL EHE #4982 ( DCB : Double Cantilever Beam ) A ¥ &
Az, AR BAa/dZA Zxyag YdwFo 84 AHEdxn UAHA 2T
2o WEY Y59 HIZE LF L 50 mm ZolAA AYT F oA 83 L HIsHT
16€o2 TZgas Y 184 2ol OdE £AAY Fo] HAEdd LEFHRIA
curing® ™ 2 mm $AZ ¥ F3%®E diamond cutter® Hol 200 mm, ¥ 20 mmE AS
stz 3L 787 st 22 A3sld DCB AHE ARG LESH Y A}
Ao 1y 29 g3, AHEe Aol 1Y 37 2O 9 Fe HPeR TIYa
2 %73, 24¢ 3289 F74 3 mm, 4 mme] ABE AU F Tk ©E F
g AHZBolE 2437 S8t AW gHd & 4 £AFJoz YL I FFEL EA
ahod 20¥) wjge) AviAow FE WALE AN HEE 5ol A8 EFE
& AT AYgelnz ¢y drze 79 B F gvh gtA sRIFE 7hEd
HEZE ZE ZAAREH 10 mmold & 27798 4AAAY A2 dEE 2= AE
S ABAY7NM WY Aol L2 crosshead speedE B AHAEjol 7H7HE 1 mm/min
2 aA¥F e 7MEEA F98 23T AsAENY ARe 29 48 2o 299
Zol7} 10 mm AAF dinit &5 ANE FIVI) A/D BEAE ol E8d FHAR
t} FEUold e APHsE Yolury] A3 AL tg 2L IAE AA FHHUS

(1) AR AHZ2 A8 EEE ®e oS ofdELE AAe.

(2) Ay Ho|AE(silver paste)S A g FHo Hch

(3) A2 FA37] Y8 F 4 2EFQ AolA HuEE BRI o # AF
FHoz8E 35 mmel 4P Rl KAGA Tt

(4) = A& 4 Hujde] EHEg.

(5) 2l= M3} AJHAro)o] AW o] XE(silver paste)E & Tch,

rlo

3

AN A= 37 59 o] AWM UZ WHe) § Aoz FANT, A7 AUUHNE &
7 98 2ex s2e a9 63 2ol FASAY. 2] AYHE T ddHold e
Agel WHE Aad AUMUE o8N s 259 WHL AL AYpez
HEA AT

m. 2 ¥ &

2 AdoX e DCBAAY F7& 2 mm, 3 mm, 4 mm 3FHE At dd ¥7%
A8 89 3 voltd] YL AFL 5 T 7Q VW) B AYe) EE FHNA
o, 23 2AZAAM 2 mm-13% Zo] EANG HE T4 2 mmd A AA AHY HHE
=8k Ay A% 29 738 2L 2UZE & & dded, FE JdHld R¥ AP
Azt BAE AY 271g et 22 FA9 AHME g AL 27 HE]
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Ao FFol @Al ditstd 7 A G2 A HE A€ F7F AU G
A dwrstd AFE A7) A8 29 8% o] FE AW wshEo o MY WP %
oz . o2y Y ¥ RS 7] AYRLE Yo FALANA 27 AP 9
o] Q= s, FE Zo] ¥ gd G2 AF ¥WIE BAE vEd AL 19 9%
2oh 1Y 8% 29 98 vlwsEY 19 82 #e FAY ANHdM= AT AL 7t
Ao Tl weh HgAasF gho] F3le] Aoj7t e AL ¥ £ AT F A v
Fo| Tt 2HE FFo] dde AL ¢ F U 32U IF 99 ¥ AFEAFS
27| Agoz Uy AustE e dd do] ¥ggd s FA FANAIA wet g
AR 2 SRt d¥©E AFE RHeoln YA o & 2I|AFY Aolz A FA
et &4 g AAA X mes A dgE FEA WL ne A%
g A9, AEIMUY. 2 2, AESFE L S2/AFA EfAw AHEY FA gF2 A
o] 714 € #< Yetldth & 2 mm A¥el 714 22 3 mm, 4 mm £22 YEsh
2 olf e 27 ARF AFE MAY £ god, 7 2 olfe A8Y AF AS944
3 volty] AYE 71 A9 AFE AHY FHE T3 te A5z 324 €vh o 4
A2E FA A e A FHed, Tdol AHFHEN AfrE 58 F e A A
T g o] gadte Wy AP Fotgn. E FAY naME FA g Fex A
7l Ax g o] FA7 FAL Al HF FHr] dE HA AFo] Ttk ol 9
F dZel FA 2 mmel AR AHF Wt 24 Ugn. 28z ZE A AoldMx
2z Rgol & olfrE 27 Aol BRI HEon % 22 o2 A ¥
2o 74 AHE 21 FAS M2 AFBAE MY old A5 #AE HAs7] 4
3 18 8olA RHejAls e FF AW HE@E Tt e aHzE TEUT
o] 2L 24 10, 281 ¥ 1% Zoh a2gn 48 dHolHE ol&st 4 FAAA
o] TE ZolHst&o] Uid AP Y g wE AH 23 ez BIY F IS
< ¢ F AR

o7|M, #9Q Ao] W& ‘}f 2 x, A3t ARS y2 ¥& o ten o] FHHAT
y=16.365 x%+5.8292x ( 7 2 mm A|¥ ) (1)
y=11.552 x2+3.1952x ( ¥7 3 mm A¥ ) 2)
y=11.162 x2+1.2668x ( 71 4 mm A4 ) (3

2 (1), (@, 32 2 mm, 3 mm, 4 mmol A HFHFS Heg nE Aol
agla FAY dFE EFF st A& ¢ BEAC

y=C; %+ Cyx (4)
c1=23.51571,5@ (5)
cg=28.12t—21_154g ©)
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AR=23.515—z (52)*+B. 12— (%) @

q71A, te &4 ANHY FAE Yetd

Cl, C2¢} F#sts BA Zd=ZE 28 13, 29 149 2o & we A, 2), 3¢
e 2oz grE AHolth gz 4 (5), () 7Y Ho] Wasd ae Ngusg 4
ol B9 QL madF Aotk AB)E 89%Y AFEE AL A(6)L $HB%e HE=
g A1 e 2Akdolt), o] AE& A4dH F2EY % TEFEE HFHoR 3
g & A& Aotk 2 (NelA HAA K] AF AFFE AHo] FANA e}
Bn 7 AA Wslgd gt Frksts 24 FALLE & F vk Todoroki®t Kobayashi
o AF A w$ FHe FE AAEAA 42 A¥ayzme g 23 JHdo] HUSES
& £ AN

E AN E AFFE HE HEENE Yddo] Ao AFEHRE A ¥sae
ol HolHE Astn Bl thyd T AW dF APFddE oL A& A
AFQ e 2L F Jduh 2z AT HJAE uiFoAA FA ©E AYHIE 4
311, Mode HolAM 9 27 wd Zold w2 e ¥islg dolre AL FF A+
A o] c}.

v.d &

gA/0ZEA BgAsE AR o8 1A FAE Z2e DCBAHEY 1 mm/ming I3
352 715te] 100 mm7tx| 7 #ge] AR wt AY AHF e SAHAA ERA=
o] 23 BYJL ASste WHS Bl 230y A¥S F39 AT ETA
2 AEY Aguzie gdAMEd wet AT FACN AAE Fadgs BAE T3
dgon 79 3ALH AgHzgo vHRy AAE e RS ¢ F AU

Electric Potential Method& A £38t d& Aasias 7d AAFY FAZFH 4
AL AAstgoen o] 4& olgsH EFAR FXEY FUEEYG 2L AFE dF,
AAE F e AR H4d

FaEgd

&
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