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Design of Cymbal Displacement Amplification Device
for Micro Punching System
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JL Abstract I

This paper presents the development of a micro punching system with modified cymbal mechanism. To realize the micro
punching, we introduced the hybrid system with a macro moving part and micro punching part. The macro moving part
consists of a ball screw, a linear guide and the micro step motor and micro punching part includes the PZT actuators and
displacement amplification device with modified cymbal mechanism. The PZT actuator is capable of producing very large
force, but they provide only limited displacements which are several micro meters. Thus the displacement amplification
device is necessary to make those actuators more efficient and useful. For this purpose, a cymbal mechanism in series
is proposed. The finite element method was used to design the cymbal mechanism and to analyze the mode shape of the
one. The displacement and mode shape error between the FEM results and experiments are within 10%. A considerable
design effort has been focused on optimizing the flexure hinge to increase the output displacement and punching force.

Key Words : Micro punching system(T}o] L2 HA) A A8, Hybrid system(§-3HA] 22, Piezo electric actuator(PZTY( A=),
Cymbal mechanism(4]HH]#UJZ&), Displacement amplification device('HZt]7]-1), Finite element method(FEM)
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Table 1 Specifications of the guide module
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Specification Description Table 2 Specifications of the PZT
Stroke 30mm Specification Description

Resolution 0.5um Displacement 30¢m

Repeatability +0.1/m Length 29mm
Pitching 2.5" Blocking force 1000N
Yawing 2.0" Capacitance 64nF
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Fig. 1 Schematic of cymbal displacement amplification
device
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to design parameters
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(a) Displacement

Fig. 3 Static analysis of 3 cymbal displacement ampli-
fication device

(a) 1 - 316Hz (b) 2™ - 473Hz

Fig. 4 Dynamic analysis of 3 cymbal displacement
amplification device

I

4 A2 Fig 40 Yehsiet. oleie sj4 Ane
¥ A% WY1 13 REE 316H2 tjo|az
" A2dols L7El s 10Hz ol4ke) B4
shlagch

(V8]

B934

PZT 5l Al2bel wiojgdy7) o) 35 54 £42 flsto]
NIARS] Labview Z& 128 AQ Board o] A]
017}5]]” 5Ve YJEilsE THY %%713 AH 0~1000V
FE50], o £28 WYL 27| PZTR QkEoln
Ek\aﬂ3ﬂ4PZ FEL %9 3¢ WY Auso
47149 e Ago) 435 0| X n, o]& Portable Laser
Vibrometer(Polytec Co.)E ©

flo
>
oo
_O‘_l_fl
o 32
i)
]

At
AALAe A9 2 A7 7HA D Qe HAlg e R <l
3wk g XiOP— FOMI QE} 3| AH A A EALS
S Aoz, o7t o
}o] A4

o)
:2
do g
N
_\_,L

Il
Xl
<
fuj
_\,Z
fr
rﬁ oX,
0>'

Y
1o
=1
> 4
v
C)
L
>.
;
.L
O
2
)
>~1
Eﬁl
o
ofN
R
>~
Y
=Y
1o
ox

39

160

Wy, 3 Cymbals
o,
Ty g,
i, WL

2 Cymbals “% ”"\k

140 +
AX3 > ANz > AX > AX)

pum |
2

% =
[T —]
T

o0

Displacement |

40 |
20

P
1000

4(I)0 61I)0
Voltage [V]

0 200

(a) Hysteresis according to the number of cymbals

1 Cyimbal

~N
n
T

2:Cymbals

3 Cymbals

_ N
h =
T T

Displacement [pm]

St AX > AN 5 AX2 5 AXKG

(1

1000

400 6060 800

Voltage [V]

0 200
(b) Nomalized hysteresis

Fig. 5 Hysteresis of cymbal displacement amplification
device
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cation device according to input wave

140

S B ) :
— 120} / \
oot || § o]
<Duty 50> s : :
- 2 80 : :
£ P ! N
2 /
T Buty 205 & 400 ,
n PR B - H B
201 ; — = 8quiare Wave at 10Hz:
0 i 1 i i 1 s I i
PV S S 0 10 20 30 40 50 60 70 80 90 100
<Daty 76>

Duty [%]

Fig. 8 Displacement of cymbal displacement amplifi-
cation device according to duty ratio

40

Fig. 82 10Hz9 AZtutgo] Q17tE|o] A of
St W& HEH Qg1 EFUYE
Z, FEu7 60%Y wf 135ume) ezt

Feple]
249 a9
=
=

].
74 = 3.

5. OpIF=E HY A|AH HIE

I~

2237, vho]2E 29 BE, FUo| 2AY & 29
& ulaE ol4uE PZTY ¥ AT 5L EHT
ojzz BYBER FAT e vol 2 BY AAd o
& HYS 9% v 22O FEAADL Fig. 9014 2
073 gk AR o] 4mEY] BAAFY vjo]aR AY
mEo] o] uola2 HHREY olfo] 2HHelH, H
%} tho| Atolo] QAT 7440] mesh sk, olu) PZT
of 5ol o3} AAATH7| 7o) 9] FBo] ot %
A4l $9slo] AIck Fig. 102 olefat uojaz Y

-

o

—

Fig. 9 Picture of micro punching system



=F% Vol.18 No.1 2009. 2.

ol-g5}o} 30im FA 9] STS © %%Oﬂ d% WS
A ATE HojFT Qnk dA oF 5
4 #é‘ | 7hsste, 94 E3t EMEH 99 g Aloi7t 5
gEloptictd of wE Ay $A:= 7RsE sloz Eo
Ak A2t vpojaz | A2 270 215 x 160 x
90mm’o}t},

u'Z.'

x4

6. 2 E

& =wolAe Az ojprEd wolaR HARER
T ol AR A AIAHE st 2R ol%
BL tpo|AR A8 eSO} EAIR Fog Ao,
opo] A2 HARELS PZTO A k) 7| L2 45 o)
Ak
PZTo] M E Seisty] gjsto] A4
?’TWL% ﬁﬂ*ﬁﬁﬂﬁﬁﬂ 79 ’;MZ

498 |78 ©
9ol et
CEERE
Feje] e

SEEN I -?ﬂ“o??ioﬂi, 4 1

ol o}m

) I 19 mlo 22
ol
=0

=
b
] >,
ofl 3
~
2,
(o}
it
it}
o
8
_a
A
rsi
A2

ox
o
£
©
ol
N
i A
_f‘)_v‘
ﬁ
FEE
1t
S
=
mio
—1>~
o%

HAEIFE F } PZT"ﬂ A7t
ﬁﬂfféﬂ} ?JJr 2, TEH2] Bt WhE A EA4E
th I AT 60% FE 8|S Aty ol 135me
Ao 7L uTE gelstg o, si4 Anter 24 A
o ula g o oF 10%2] 2k WY o] &Agre gels)
ek g B4 M?’}w iow *'%*%ﬁ@fﬂﬂw} TR

£33}

ool
fias2

"

2
=0
-
i&

41

2 Ay % B AT Yol BT

Foln ol WA ofHEE

27

B e AA A5k gl A 474
S AR ol
A2 R 426 1% A A9l AR 5
o) ghatel g LY.
i of Q] Boig AL 2R BR2I A

AdRIE Wyt

il

o

3

Ho

(1) Park, S. J., Ahn, B. W,, and Yoon, J. H., 2003,
“Development of Ultraprecision Finishing Technique
using Bonded Magnetic Abrasives,”
KSMTE, Vol. 12, pp. 59~66.

(2) Zhang, B. and Zhu, Z. Q., 1994, “Design of an
Inchworm-type Linear Piezo-motor,” SPIE, Vol. 21,
pp. 228~239.

(3) Yang, F. and Li, J. C. M., 1995, “Impression creep
by an annular punch,” Mechanics of Materials, Vol.
12, pp. 89~97.

(4) Yun, D. W, Ahn, K. H., and Han, C. S., 2007,

“Development of Ultra Precision Rotational Stage

Transactions of

using Semi-inchworm Driving Mechanism with PZT,”
Journal of the Semiconductor & Display Equipment
Technology, Vol. 6, No. 1, pp. 37~41.

(5) Lim, I. H., Shon, J. H,, Kim, J. J,, Park, B. O., and
Cho, S. H., 1995, “Variations of Piezoelectric
Properties and Compressive Strength of PZT Ceramics
with Poling Directions,” Journal of the Korean
Ceramic Society, Vol. 32, No. 10, pp. 1131~1138.

(6) Lobontiu, N., Paine, J., Garcia, E., and Goldfarb,
M., 2002, “Design of Symmetric Conic-section Flexure
Hinges based on Closed-form Compliance Equations,”
Mech. Mach. Theory, Vol. 37, pp. 477~498.

{7) Han, C. S. and Kim, S. H., 2002, “Three-axis Lever
Actuator with Flexure Hinges for an Optical Disk
System,” Review of Scientific Instruments, Vol. 73,
pp. 3678~3686.

(8) Smith, S. T. and Chetwynd, D. G. 1994, Foundations
of Ultra-precision Mechanism Design, CRC Press,
London.



