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Experimental Evaluation of Fatigue Behavior and Interlaminar Phase in the Lightweight
Piezoelectric Ceramic Composite Actuator Using the Ultrasonic C-scan Inspection

Cheol-Woong Kim(Artificial Muscle Research Center, Konkuk Univ.), In-Chang Nam(Graduate School,
Aerospace Eng., Konkuk Univ.) and Kwang-Joon Yoon(Aerospace Eng., Konkuk Univ.)

ABSTRACT

It could make the Lightweight Piezoelectric Composite Actuator (LIPCA) damageable by the cyclic large deformation. If
the progressive microvoid coalescence of LIPCA interlaminar took place, the decrease of the stiffness and the weakness of
stress transmission and fiber bridging effect would make the fatigue characteristics worse suddenly. Therefore, it is required
to study the variation of fatigue behavior and interlaminar condition in LIPCA under resonant frequencies. These studies such
as the changeable fatigue phase and interlaminar behavior of LIPCA affected by the resonant frequencies should be carried
out due to the strong anisotropy of CFRP layer. Hence, these studies are as follows. 1) The residual stresses distribution of
interlaminar in LIPCA using the Classical Lamination Theory (CLT). 2) Comparative analysis of interlaminar behavior for
the intact LIPCA versus LIPCA containing an artificial delamination during resonant frequency.
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Fig. 1 Schematic diagram of LIPCA

‘Table 1 Mechanical properties of LIPCA components

Modujus CTE
Ei E; | Gy
(GPa) | (GPa)|(GPa)

Component

Materials T I O I N

Piezoelectric
Ceramic (PZT)

CFRP 23121 72 | 43 1029001 [-1.58]| 322

67.0167.0!256|031}1031 %30 { 30

GFRP 217 1217 3.7 1043013142142

*unit: 17 0°K’
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Fig. 2 Observation of interlaminar plane in LIPCA using a
ultrasonic C-scan inspection
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Fig. 4 Relationship between cycles and displacement in
intact LIPCA and LIPCA containing artificial
delamination
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Fig. 6 Comparison of increment tendency on the micro void coalescence results from interlaminar "A" and interlaminar "B"

Aol %ol Aol e g@el

Z% Al CFRP %3} PZT

Hom

T 5 Ut CFRP $&
2 Yeee

O
O

BAS & 9l P

Al
=]

£ B30 o X ot Ao ® odu R

Z7+E 200°C~250C

o] ZHsl2xolM LIPCAE A|A3d ZFHLH 93

o AA e viAe 4L vusires o

T= F3 FPT ool

32 £E7212e27) T 2AH S0 olx|l= HEE
LIPCAZ} Hdl FFUAE Fdste BT

11~12 Hz8] ZANA 2815 F71o] 23 ax

wojol Al o wE AlYe ¥HIE Awue
th B AFedAMe FuEE H25Ed nixe
Qe shatalz] Y8 Fig 29 AW "B" £ b
X[1=724 5mm2/] HIz fd22 49380 & %_
HE2 2 A3 LIPCAS ez AFsi9ch o
g AF RIS AU LiPcAY NYEA
&2 LIPCAE 115 Hz9) ZRAFa5oA] sz A

¢

2 Faslgn 2 AIE Fig 49 2ok e
_g_

FdEkA g2 LiPcAY ¥
cycles ©]4¢idg
LIPCAS] H 243
= LIPCA-OJ o1 [K=ays: Bo2

02
HAREL

Phase(lll) %z
AT H7¥

59l

.

1335

5]3

il
2
paw A
j=)

2ol ok 16X10°
Hjate] AF SUEUE HYFT
8.0>10* cycles A&z <l
oF 50% A% A
= Afde webd, &3k LIPCAT)

of AAs FEAs Asty W,

o}-.]

7} A1 LIPCAS Phase(ll) Z¥hol
As A5ty el

T elgE W

pol



2513 stolal Anel FAdel FWets ATFY
2 Autol $Hol YF¥Thrh Phasetilel FolA
o gEsee FEe B4l oSy wel
o A, F2RIE PZTEAN ARz ozel ¢
29 SUNYS SUAMNLEE PeletRn viA
omE MRAREAE Asstah olm sl
Waog PzTEel 2 $dol Zgslel AT A4
sAs AYADE obrlsian

33 g2 HHAel H3|
LIPCASE Z& AZAo)A 713 FHSd B
to] Aldolct, upztA THUNDER®] d
LIPCAS] ZFHEE5AL AW Wl £
2tk Fig. 55 & FARENEWM
=7tel LHRE T E AMste] Uehd
< 280l Z}%"é}c A nAe}l 7
EEEN|
]

\lr\J

,4
g
)
p
o B e

i W U= ozi pa OIN 2 e

R=3 =4
(G rlo
ofj —{>

N
-

fo & 2 o
A o T
° and

&E

] Z}%s}%‘_/ﬂ PZT %3}

2’[_14
e k) oo
32
Flf
E
03
i
e
@
o
__%
)

H‘-T’Lﬁﬂ Rc’ler "B"°ﬂ vls] A4
A&eo] e "A'T AEA 9 v

Azt o GAsA FARE
T Fig. 6()x v43 %Y (Micro-Void
Coalescence, MVC)9) A3 2 dAQl 3 A (Phase(l)),
23 2¥(Phase(l), (1)), &3 (Phase(IV))e] S o] @7
Moz 2 vebTh Fig 6() ()% Fig. 6(ii) ()= v
271Ze AFFEAI} o] Rl A7|E Fhol 2}
4% 28 g9 wgz A% g o€g q45%
F Ax 7iFd 77 EA3ic ojzist d4e
5 ?JE“"‘:"]] o3 wlh7jFeo] A8l J%sl
TYH7E S43 ¥3g weict 713 Wi
RO AzZrE Fig 6() (b)=
YRAEI} 28g Hgod

2
ol it K

Lo

ot 3 ok
)

Y ooft of o mo 4% O N pE ) ol
o

32
£

9
—

e

iy

R- A
K Eﬂ
r

>
E

5 L b
o

B

L2 o g ool & N
Ef,mﬂ
)
=
huh
2
|
1]

(=8
m
it
o
2
=

(3

o:lIm{n“z

i)
ox
oXx.

F kA T NF
o Z A} 71xjo] A4

| Je zZe dAEY 2
24 fFEol 8 779 45
A Phase(IV) ©AHAIE GolA® uli7]
% 2 AR FHEIAE of71F Aol

oft

2
off 4 £ £

o _g_aozimlorioij_,
:(o

w Mo oft 2t ol ofw
E}uémgrﬁ:

e o woox te 2 o2 g
¥
S A

L lo

olN

Q
=

i

ALY

s
2,
e
uh’,

i

4. & B

1) LIPCAS] Z} Fof 2 &3l AF7FH 2EXE
dHE A, PZTolE 3 %‘T o8y 288l
AFo) e et EAo) BIHA HAFUL,
E/%kol CFRP2] 1/10°] B33 GFRPE 3709 Fo
A fAME o] A% AF AL o] CFRP
3 PZT %ol “"‘EIL 8S afHor 24
g 5 A F2E Bl ASS ¢ F Uk

FEE AU LIPCAT AIsEkA
PCAOﬂ ujal oF 50%9 ey A
7} ”‘*(Hf;‘ic}. AT FUE 317} Chil:! LlPCAi

Selstln, 22 U F
130] A%5le) grlden

Y

A #917) gl

3) 2 dAgEo] éal% Zo M o Z A9
vl A3% AR FA/ WS¢ FA4sA AU
T3, S oJdE d4F5% £ e 71T
b EAET, F3nAEs e waog v
2FFo] dalslo] &g BEY = U/}t olF
3 u27edAE 2dog 2 R 78y
Z oF7)akeE ¥¢le] BY

% 71

¥ oATE REAEAT FAATE ALY
(FAM3Z: KRF-2004-0055-B00047)0.2 FTHFHRSH

e} olel B o2 ZAEYT.
Hones

1. N. S. Goo, S. J. Shin, H. C. Park apd K. J. Yoon,
"Design Analysis / Manufacturing / Performance
Evaluation of Curved Unsymmetrical Piezoelectric
Composite Actuator LIPCA", Transactions of the
KSME, A, Vol. 25, No. 10, pp. 1514-1519, 2001.

2. K. H. Park, K. J. Yoon, and H. C. Park, "Development
of Lightweight Piezo-composite Curved Actuator”,
Journal of the KSAS, Vol. 30, No. 5, pp. 94-100, 2002.

3. K. Y. Kim, K. H. Park, K. J. Yoon and H. C. Park,
"Experimental ~ Performance  Evaluation  and
Comparison  for  Lightweight Piezo-Composite
Actuator LIPCA", Journal of the KSCM, Vol. 16, No.
2, pp. 41-47, 2003.

4. K.J. Yoon, K. H. Park, S. K. Lee, N. S. Goo and H. C.
Park, "Analytical Design Model for Piezo-Composite
Unimorph Actuator and Its Verification Using
Lightweight Piezo-Composite Curved Actuators”,
Smart Materials and Structures, No. 13, pp. 1-9, 2004.

5. K.J. Yoon, K. Y. Kim, N. S. Goo, H. C. Park and J. R.
Haw, "Actuator Performance Degradation of Piezo-
Composite Actuator LIPCA Under Cyclic Actuation”,
Key Engineering Materials, Vols. 261-263, pp. 1331-
1336, 2004.

1336



