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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

LA & A $853 QoL

A QRN 7P Bl AT e

sEAUF A5+ dgdd g FF
F5se 71719 AN E: 3 dwstd
wdoltt HEALFPE FF & Hx=2 BRIV
g & /A Syntron ALY FEFoEA, H 2
= A5aAYLE 25 JEAHGL AGHE
e oz dy AHgEHT g olHE Bnex
ENYE ZIAZE @9oly =9 e 1
A% REFF A2ES 74 & Ao 7Med
R} Az, A7) € 2 9 ofe Fofd

)

*

Qstdiei 7)AF e
o Astvieta AT et

SENH ZAF71E AR (electromagnet)©] Tt
AN Zg7ld o HEFC Y JALE Hi¢
LAAYAT o]d] g o] TL& FFH J
AL g =84 -E—ff] BeREAGE F&7}
2y FFHE 5EY s4dEst A9
FHHA ot b‘ﬂ’ﬂ-‘—]' $8° ol BE HF
o] gt} ojg@ ReEITL FEAFo=2A

AgAezE 28, udy ALY 2UFH
2e AL ® & slod, WHem: IH
£ REA dEA 5FAA WAL A5 A
9] %A 2o g&ﬁ‘rﬂl 59 A5 3to)] ol
a<lo] Ak Aot



A2 old wAsS nA) A8 oy
oz A7} APsiel o3 geod, 1 )
49 @ ez 4ALF/2 FEIE B
Eddg & 4 Ao 4ARENR TEy=
WAARTE AEHE RF/E L, o]
A sHaAEd Az FA% B4 B4 74
A Wy dosw Age] BT,
A71go) 3R A WYL B o
AEHE P ARz MY HXT 2 9

2ANNZ, SRS e man we
S5 dedd 24 2 A% o)F5d, 20
B9 Basol PR nmadld HFL
& % 3101 B AN A5l

Aojol 948 452 ¥ € 5 Aok,
B @TAAE datEle TEas e
R AR 271 D Fis AolF 33
T 3Ag Yo Waw As9d SHudL
FHdug @ olg i fEasvds
o8 TFFIHFG LEPPe AT 29
B4e A3 AN ReEgaEe 59

doz

N e

l‘lonihl

olggoli BgddHol Aol dFe 2
By YA L bdgF 2ol

T=CES-hW"E
D=hS +b°E

(1-a)
(1-b)

o714 Te 3 "X (stress tensor), D+ A7)
Z W Q) (electric  displacement), S W EwlA
(strain tensor), A+ 4A &3 4 (piczoelectric
stress constant) ¥, E = A7F, b5 A4
WY E 3o Ao A (dielectric constant) ¥

doln, CPx AT A7 HudgN 2@
FARE . AHA T+ ANPHL =40}

ol dAMEY FANMRRANL o] g5
o dAA=YG dAY FATZE AN2"e @
FYAAL HA zdd YA
potential energy)¥ 2| & Al8-39 5T F glo
9, 2 49 Fel= g33 23]

(minimum

[M,, i} + [K.m]{u} +[K, P} = {F} 2
(KD} +[K K@) = {0} ev)

47N, [M,]e [pNINdV o2 A% 9419
& 9usd, [K,]E [B]CEBaV = wi

34 848, [K,le [BTATBAV= A
coupling WAL, [Kyle [BIbSBav=
29 24 99 {F) e[ N/ fdv+
Is N5 fsdS, + N[ f,. {0} =-I5 Niq,ds,

-Njq.2 27 /AR ¥ & A7 Ass
duigtt. olg Z FHNA, f, = A body
force), fgi XHZH(surface force), f, = 2HH
(concentrated  force), ¢ & X A A 3} (surface
charge), ¢, 3 3(point charge)elth. N, Ny
= ¥ w9 A/H zdE 4o U@ Fud
T ¥, B,,B,= 34%s dFon
FAL F¢ Aol weA A F A5
Ailxe 2%, &3 $8 45 349, 2435
#d, 24 #d Fol Y4agqe & 5 gioh

3. e A s

A S 9 712 Zd= Al gd BevES
& Figl oA B3 glid, Wojxo) 3
28 479 AXAAF 3 XA FAFZFA| L B
5] = YHolth 9A fELLYoz &
218}7] $18) SPARC station20 9] A} 314} & 4

- 433 -



Bowl

Piezoacutator

Leaf Spring

Fig. 1 The photograph of the proposed bowl

parts feeder
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Fig. 2 The mesh generation of the model
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Table 1 The modal frequencies of the bowl parts

feeder
unit : Hz
Method
FEM. Experiment
Mode
1" Mode 176.811 179.9
2™ Mode 327.809
3" Mode 337.219
4% Mode 596.374 576.40
5% Mode 747.951 747.35
6" Mode 822.628
7% Mode 882,685

Fig3 ¥ 1" 25k Hgo] 92 92 A
TEFE e YdolH 4" XEE B o) *l*ii
g wFo] Ertd @Fo) Uit 252 B
ojiL glow, 5" R == 189 9 §o] Breathing
& AANY Aole AL YA Table 1 9
A Feaacdioz e £y dae A
de T =N 298 vias) 2d Ay
Me e g1 s FEEo] Ao e
et gled), ¢4 é@é‘#oﬂﬁ M Reg
3¢ ge=7} t—}_Q_‘— e ol A¥dyd 2A4R

E FEMEddgd g9 éﬂEﬁii 249
TS # 2ZP7 4842 FAF R TR
o AANAS 228 FAIFA glo] ez,
AA RN E o] B¥o] 333 & AL
A =E AAHe goy FEMEYEH A
2do] B AE AL 97 A o] FB
vdgke YA g, o] J3o| FEM
AN T A, A A ZEoly 2 o
2 B4z a8y, ¥& Fi5 dHdAe

-435 -



" 1* Mode

1*Mode

Mode

4II\

4™ Mode

5™ Mode

5" Mode

(b) experimental results

(a) simulation results

Fig.3 Comparison of mode shapes between simulated and measured results
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