23 SUNAT R B MY

dele A RS AH) Fed WAHH
9 YuE Alols] BAE Aoz Heldch

Tt = S dit)+ e (k)

f}(tk)z Sj dj(tk)"' ej(tk)

@

A7l S, S; L e;(ty), € (t)E N £l
Ao Z4A% MEY2 2 ¥ 2AAHE Jdehd
.

Aol EYE g L5 HANL e
3 2o

M)' aj(tk) + Cj (.ij(tk) + Kj dj(tk)+

_ 3)
fj(tk) - fj(tk) = g; (tk)
o714
M;=diag{ m, m, J J;
Ci=diagl ¢, ¢, CJ (4)

K;=diag( k., k, K]

q;(t)="1 qlte) a,(ti) qelt) ;
A1) YR)ZPH,

P; d;(t,) = a,(tk>+fj(tk>—}j(;k> )
o} 7]

.1
BA:?

M.+—v— a+i€

P] J BAt

6
R Qj([k)= Qj(tk)‘ M)- Hqi(tk)— Ej Hu"(tk)

26)NA Hy(t,) B Hy,lt X
A ¥, &%, Jt&x2 FAHE
Az e AXE 71A 9] Foltt

At
HE o},

1
Hq,(tk)=-W .

{ dj(tk-l)"‘At dj(fk-])+(%'B)At2 dj(tk-l)}

Huj(tk)= dj(tk-l)+

At~ {(1-¥) d;(tey) + ¥ Hg (8o}

)
23 j-1 9 B34 2A AN 43 2
49 BALT e ol FojATh
it A B d;(t)
= (8
fj-l(tk) C D j dj-l(tk)
3714
Aj = FJ R BJ = - Fj L;
. 9
Ci=L; F;,, D;j=-1; F;L;
I -1
EA 0 0
B 1 I
Fi- 1 0 357" GkA JE
? 1
0 2ET ET |
1 0 0
Lj= | 010 (10)
01 114

N@g H4@®9 BVAZYH dsF 2L B=

AgHe 7o

—S—j= Aj+ Bj V_,'

—e—j(tk)= - BIG;l ej_l(tk) an
(j=1,2,--,n)
4714
G;= Sja- D,
(12)
V,=G;'C; (=12,,n)

_428-



43 ;4 4344 2y jo $roz ey

e;(t) = e;(ty) - Q;(ty) (13)

(j=1,2,,n)

JaD3 41D BA) 8 Y= - XAE A
eqe 7¥ & Aok

S;j= A+ B; V;+ P;

e,-(tk) = - Bj G;l e,-_l(tk) - Qj(tk) (14)
(G=1,2,-,n)
7ZA4As EE 2 R 23 He 9 AL ey

o ez FH 317 AE, AL AF3E
2d 0dMe FZEAT R =AY A" S
eo% F&oF et
Fig. 1dAg o]l A Hde FAzxA
( Fo=0)3 2@ AG)e BAZRE

So = PQ
(15)
eo(tk) = - Qo(tk)

a3ez A1) Aas)ez A Fdoa &
a7iA e BARATd RPHEE A5Hee A
g £ .

26 EEHS

Fig. 3 @9 2ol 23%s} A7 AE A$
R;& A489, theel A7 4en,

dj(tk)= Rj dl'l(tk), fj(tk)= Rj fj’(tk)
cosB -sinB 0
(16)

R;. | sin® cosB 0

0o o0 1]

46z 2FAAFYY BN 49 B
AzRE tee 4¢ Feo
an

Sjlzl R;S;R;, e,-’(t,‘)=' R; e;(t))

(b) Connection of
subsystem
Fig. 3 Coordinate transfomation at nodej

(a) Crooked point

27 BI1A 0 chg HF

27149 ABo2RH 99, 3 FA% ¥
£ voz 2339 AYANE BAY $U(FA
43 AT ted vAZ den.

f,(tk)— d(tk)"" e_,(tk)

R A (18)
= Pj dj(tk)"‘ ej(tk)

AN [i(t)E BIA $we guEon FA
b BAAZRE wE wdEge 2 4 QW
Fe fi(t)% SI8Y. g 247 A8
E ARA 4G A o] wAR
( P+ P) d;(t) =
(19)

Q; (t)+ e;(t)+ f; (b))~ £ (t)

HADAA ( P+ P)) R Q;(t)+ e, (t) &
M2e P; R Q)2 A 2147 &
£ A% $Y8A Ade ¥ 5 Aok

28 MeEj2k We o MG

A $29 AAXA( f,=0)% H2=5H

-429_



oo BsNgE deH 2

d,(t) = -S. e.(ty) (20)

ARoezryg 33 d, I 4(2), A6), @R
2E Ao oA FAzize] FeHHEHE thE4
ouvBE Ao 2 AN £ ).

dj‘l(tk)= Vj dj(tk) - G;l ej_l(tk)
(21)
(j=l,2,--',n)

3 FxAL M A HE

B Aolde 2394 AHFE dndFE Ed
3o AA FAAL 2dd HEd
AR ARAFE B=1/4, r=128 R}

ET

31 FXHE =24

s
% N
IR
8
q(t)es 0
500 500
\\:__Q : 4
A % .
, T
LA — 2530 &
(a) Model 1
7773
s 1 N
IR
o
rel
N
o
q(tyes L'OD
500 500
N : \4
=
B
o
(=1
0
L /4
F
e
(b) Model 2

Fig. 4 Analytical model

Aoz I FREL Fig. 49 o] F7HA
rag ez I

Fig. 494 Fx89 AAMZAole 15 m, A3 10
mme ZA FAZFolm, 71xA A L FAPo] &
Aste RRAE $r=A Yol HEE 3o 05
m¥ BAE N2 B2gsq FATsAT

ozl 74 BAe F93A 10719 JAFAFe
2 olAFIgh ZIxAALAT 2ZFH 3
7122RE AXHn g Aoz madgs.

a8ln BAEe 2¥F Po] HDLERE
05m3 XA =3k AAY q,(t) = gcost
(g=10, o/2n= 20[Hz])& 7}3te oz &

. a2d3: NARE At = BAYYY FUE E
g4 nAR SRY}E Aoz ¥4

32 X4y 2 3 dE

0.000 F-

0.006 |-~

0.003 -+

0.000

—-0.003 -

Aesponse(m]

—0.006

~0.009 b - -

N N N H
0.0 0.1 0.2 0.3 0.4 0.s
Cycle[sec]

Fig. 5 Time response of model 1

Fig. 5% £ 18 iAoz so AL 2
F2 A, Fig. 4 (s o] ¥do] Ad 2=
(ky=k,=10" [N/mDe2 712X A3, 3
Ao} 2=y 7o e BF 002 FYrh
zeln ARRFLE 1F7]E 10058 39, 722
o] 3gozrne 025 mY AXAN ALAYASF
Wy AdrjEgayoz 10377449 €L U
Bl 2oz T JiYge] X3t AFAE e
o A

Fig. 6& 29 194 @ olztz EAlE ¥ &,
deto] Mg A2xyPa FAF 2ZFoz A
332 e F$E vehdd Fig. 59 ¥4 23
o= 39 13718 300 589 NAAFez Ur
AE Bed A ALAAGAFYT ASNEYH S

- 430 -



Yol A7E vehdc

Nl

TSCM
TMM

0.0

Responselm]

-0.0% |

—0.02

2 e i
©0.000 0.025 0,050 0.075

Cycle [sec]

Fig. 6 Time response of model 1

IdMe} o] AeddAFEez AR 2
e IHE A4 dehies wBdo, dgvEY
22 Ad e Aol FEFES FAAHY
€4S d& 5 U ¢ F Uk

—— TSCM (X} ----
o TSCM (Y) s

FEM (X)

0.0009 |-
FEM (Y}

0.0006 |-

0.0003

0.0000

Response[m]

-0.0003 -

—0.0006 |-

-0.0009 . L 4 L
0.0 0.1 0.2 0.3 0.4

Cycle[sec}

Fig. 7 Time response of model 2

Fig. 7 2928 o= 3o FAA444¢ 2
#& el RozA, 293} o) 7 xAA) AX
P(k,=k,~10° [N/mD)e2 A=A gz, A
22Xy g B [dAs} w2 ooz
] 7|xA A e FREY $2ydozy
B 025 m AAM $¢L Ay o] W A
ZAALYS fgargor 1F7]8 100 23
o &2 AN adeltt oA go) F
71jlel vy & gxsn Qo

olde] AR XY ncl FEF FAFAE d47) 9
3 HEZYAFHL ARBFLE ZH HAYIE
FET SHE A48 = YUY v, HEvjEY

2l AgolE A MRl FLAAT QAW A
BA7Ae A 44y Ao 2 & dee
#A% 4 Aok

2 A7dME PCol Hg@
AE Aol @ Ao RS
At |

ol FMe By HuAde FEFYASY
of NZtHERe FAHEYE Hesd N2
IRYEL A HFRA

29 £ALPL FAA ALY Ave +
Y@ Z3t, AgEYaye ARE A YR 3
ZAAL QAY, dBE HE TaAY] AN AN
A4e A dHsd AN YA A Y
@ AL $9E 5 AP o), ARRAS
del Ane J&E AL $9s9 HY A
g ¢ 4 AN

8719 7zg9
A4718e A A s

Hagd

1. RHEJBE - JIAE— - HiE—BE - BHERE By
HE A~ TRHEERNOMBGHFENOME", A5
BEGRCHE(CHE) 6145905, pp.  3881~3883,
1995

2. /PRRIEAE - ILRET - KBE— - BEIIEG,
“Tuv- FEBROCHIERO IR TBER LSRR,
B AR UHECHR) 5945575, pp. 8-92,
1993

3. BYZ-Huys . FoF, ‘A A
Ag By FE AFHY 7Y, §3223F
T3 A%eU3 =23, pp. 316~321, 1996

. BHE - Y, Ay Ay g% 133
TZEY ZARE 47, dxurgr)|Bsty 37
27343 2£3, pp. 128~234, 1996

. BYE - Y, F8E, B8, ‘BAASF
Ade] o AxY F=E AFAF @Y, &
T2 FFTHE FA%eddy =83, pp. 169~
175, 1997

6. 9% -AYs - AT - AIY, “FRAHAF
o] Mo o3 AAY B AAAF HA4"
q@ziAdsts EAxe FA%Ed3 =23, pp
242~246, 1997

- 431 -



s#2LSrNER 1998UE =

ZA=7]82 3% 5= 953 Parts Feeder 9
=t 94

A4 *,eo]%:q‘_** 711}];3.* ;d;q];e]*

Modal Analysis of Bowl Parts Feeder Activated by Piezoactuators

S.B.Choi*, °D.H.Lee**, J.H.Kim*, C.C.Cheong*
ABSTRACT

This paper presents modal characteristics of bowl parts feeder featuring piezoelectric actuators. As well-
known, the piczoelectric materials develop an electric charge proportional to a mechanical stress and vice versa.
This generic phenomenon allows us to use the piezoclectric materials as sensors and actuators. Using the
actuating property, we can device effective bowl parts feeder. The parts feeder activated by the piezoceramic
actuators provides a large degree of freedom of controlling excitation magnitude and frequency, and thus
accurate and fast feeding of various parts. As a first phase to demonstrate these advantages, a finite element
model of the bowl parts feeder is constructed and analyzed using commetcial software packages. In addition, the
simulated modal characteristics are compared with the measured ones to validate the proposed model
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