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Experimental performance evaluation and comparison for lightweight piezo-composite
actuator LIPCA

Kyun Youl Kim’, Ki Hoon Park’, Kwang Joon Yoon™, Hoon Cheol Park”

ABSTRACT

This paper is concerned with the performance evaluation and comparison analysis for several kinds of LIPCA
(LIghtweight Piezo-Composite Actuator) device system. LIPCA device system is composed of a piezoelectric
ceramic layer and fiber reinforced light composite layers, typically a PZT ceramic layer was sandwiched by a
top fiber layer with low CTE (coefficient of thermal expansion) and base layers with high CTE. To investigate
the effect of lay-up structure of the LIPCA on the actuating performance, four kinds of actuator with different
lay-up stacking sequence were designed, manufactured, and tested. The performance of each actuator was
evaluated using an actuator test system consisted of an actuator supporting jig, a high voltage actuating power
supplier, and a non-contact laser measuring system. From the comparison of the performance of the LIPCA
prototypes, it was found that the actuator with higher coefficient of unimorph actuator can generate larger
actuating displacement.
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Fig. 1 Schematic for the curvature change of a laminated beam

with electro active layer.
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Fig. 2 Geometry and position of neutral axis of LIPAC-C1.
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Fig. 3 Geometry and position of neutral axis of LIPAC-K.
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Fig. 4 Geometry and position of neutral axis of LIPAC-CK.
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Fig. 5 Geometry and position of neutral axis of LIPAC-C2.
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Fig. 7 Residual stress of LIPCA-C1 laminate section.
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Fig. 11 Experimental setup for actuator test.
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Table 1 Position of neutral axis and measured of thickness, weight

Specimens Measured Predicted
Thickness Weight Neutral axis
1 (mm) W (g) Y (mm)
LIPCA-C2 0.62 48 0.3616
LIPCA-CK 0.63 48 0.3891
LIPCA-K 0.63 5.0 0.3561
LIPCA-C1 0.53 43 0.3747

Table 2 Comparison of actuator performances and characteristics

Specimens Cua Actuator Displacement at  +200V
a/D (1/N'm) Sma{mm)
LIPCA-C2 591 1.1552
LIPCA-CK 5.58 1.0266
LIPCA-K 5.16 0.9340
LIPCA-C1 392 0.4274
14 prrr | AR S
== LIPCA-C1
12 [ ——urcax
----- LIPCA-CK
’E LIPCA-C2
E ! g
= R
g 08 ra
g g 2
% 06 =2
& @
A 0.4 - —
“= L~
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02 > =
L= T
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Excitation(Vpp)
Fig. 12 Actuation displacement at simply supported condition.

52 &35 M5 H|m

o

Fig. 125 LIPCAS) £50, £100, +£150, +200V 2| 2HA
&S LOHzE F8E A% 7 dAdA TAse AN
HE AT Aoldh B =M= A44s BEA4=
& o]§o}z LIPCA ZAE7|e AT due um, 43}
Ath. Fig. 129] AFHYE vAZ dolA By SANE
o]g3td Z Al A TAsE AT WYE 55 vE
EAE Foln, TE AAE EFstx Utk

Table 2& LIPCA®] +200Ve] Hd3 2F AYS 1.0Hz
2 FFE A9 FAFHYE uag Aot G7A
LIPCA-C1€ H|X 7|Fo2 & 7% LIPCA-K, LIPCA-CK,
LIPCA-C29] 259 247 119%, 140%, 170% F7F=E A
t}h o]g} o] ¢tA FAEU9 ABHAE 4T AVFAE

AEEE A 39 Fig 15 Zo] A7AF AE25E F
dEozRE g HojuA AXA7x, @He AA &
P BRE FA FozA FANE & Aot

LIPCA-C1¢8] Z9E 29 $¥FHo| A7|AE AsF
Zd YXsle AL Fig 28 F3t9 AT + o) v
LIPCA-K, LIPCA-CK, LIPCA-C29] 79+ Fig 3~5°14%}
Zol FYFol HVFAE AMEF uRZ ¢Astn Yol
g 39 RUEE f2¥ + U&S 2 @)E ol 49
T 4 doh

Table 2& LIPCAY @Y F37] 44 #& AFHA<
23 Aolth «7]A, LIPCA-ClS HlX 7|&og & 7
$ LIPCA-K, LIPCA-CK, LIPCA-C29] c. 2 Z+7h 32%,
42%, 51% F7HE At olgjd BRZRE AFr|9 FF
HE Y AF7] BF cw O F5F FMETE RS
A5E 4 Ut

2

(=2
i
rfu

4A A5V A% FFEFTZEEZ AMEET H8A
AFZo|AA FAlY & AEdy 2 AAE Aok Fo
g 2R AL F lojok jint
2 dTdqAs 4d EEAE fURZ 257 FF A
29 A8 2gHo2 MdAFeEN FE7)9 FAEFHUY
€ A FAAE F ATk =¥ 4F EFAE T
7] LIPCAE ¢4A AEtgg 29 SA40] +4% #d4
Z A2 AQARoER V&Y dd gA FAEAT)
A3 Qe F3 £, A7 g4 59 EAEE 9%
£ M2 ik = ZA5rle] WU ¥ arg =AFE
g A Hol HAY 44 7MY, AZITHE w3
9th olgt Fe w¥oZ LIPCA-C2 FE7E 279
LIPCA-C19] H3]A FAE 05g E7HE YA, ZEH9 =
170% FE FFH At

ES £33 & mdg 53 dESAE vim B4y
F e A% Ad A2"AgAE FAsE o9 2
o238 WiAE wEoE 4A FFr] R fdE
w8 EUES 7] € AH SHEE, FEF59 9A
€ oy ¢ AE7Y AeIFLd 79 F
Ak

As4ddozNE 4d F5719 FEHFe A7) FE
A8Zo] FHHLZRE FE HolUA HAsBA, A
o HAEwe AA 9 Z4L FAA 3 20z +£ 9
e AME Y4EsHTh

Mt AF +d BFAE 2AE7) LIPCAE DA7AR
Add 9 A F57 F 2 AFo Fu FFEoE &
et 28 F<2 371U varde] 2FA Ao &AF7
2 &84 F 9& Aotk

=
=
=L
=

2o ot o

511

L i
¥2 oft rlf rlo at

Lo



6% & 2 % 2003. 4 A Bz ZF7] LIPCAY g A% Hlzdy 2@ 24 47

3371659 20004% ZAAZATA A
ob &g olw, A dis) ZA =Py

1) GH Haertling, “Rainbow Actuators and Sensors: A New
Smart Technology,” Proc. of SPIE Conference, San Diego,
CA, 3-4 March, Vol. 3040, 1997, pp. 81-92.

2) S.A Wise, “Displacement properties of RANINBOW and
THUNDER piezoelectric actuators,” Sensor and Actuators
A 69, 1998, pp. 33-38.

3) WI1E, &3E, 4EE, ‘4RSI 489 ATEEA
2 AF7) ML 8% FgAE997, A5, A23,
2002.

4) @71 &, BEA, $FF, “TUY A E¥AE A5
LIPCA W& FF9£F833], A308 AlsE, 2002.

5) &FE, TEA, AT, “ATTREL ¢AANF 37
o A7 2 AL Y FFFTIIA, A297, Al1Z,
2001. pp. 134-141.

6) KM Mossi and R.P Bishop, “Characterization of Different
types of High Performance THUNDER Actuators,” Proc.
of SPIE Conference, Newport Beach, CA, 1-5 March, Vol.
3675-05, 1999.

7) Jennifer L Pinkerton, Robert W Moses, “A Feasibility
Study to Control Airfoil Shape using THUNDER™,”
NASA Technical Memorandum 4767, 1997.

8) R.G Bryant, “LaRC-SI: A soluble aromatic polyimide,”
High Performance Polymers 8, 1996, pp. 607-615.

9) Hellbaum R., Bryant R.G, and Fox R, “Thin Layer
Composite Unimorph Ferroelectric Driver and Sensor,”
United States Patent No. 5, 632, 841, 1997.

10) K. H. Park, Y. B. Kim, Y. S. Kim, H. C. Park, K. J.
Yoon, “Experimental performance evaluation of lightweight
piezo-composite curved actuators,” SPIEs 9th Annual
International ~ Symposium on  Smart Structures and
Materials, Sandiego, California, USA, 17-21 March 2002.

1) FEA, AHE, BED, 83F, “FUY WUR 4
ERAE A7) LIPCAS A /A4 537h”
gtz Al er3] =], #2534, A10Z, 2001, pp. 1514-1519.

12) K.J Yoon, S. Shin, H.C Park, “Design and Manufacturing
of Lightweight Piezo-composite Curved Actuator,” Smart
Materials and Structures, Vol. 11, 2002, pp. 163-168.

13) KJ. Yoon, JH. Chung, N.S. Goo, and H.C. Park,

14)

“Thermal Deformation and Residual Stress Analysis of
Lightweight Piezo-Composite Curved Actuator Device,”
SPIEs 8th Annual International Symposium on Smart
Structures and Materials, Newport Beach, California,
USA, 5-8, March, 2001.

KJ. Yoon, K.H. Park, H.C. Park, and N. S. Goo,
“Thermal Deformation Analysis of Curved Actuator
LIPCA with a Piezoelectric Ceramic Layer and Fiber
Composite Layers,” ICMAT 2001 International Conference
on Materials for Advanced Technologies, Singapore, 1-6,
July, 2001.



