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Active Sensing Using Miniature Gripper Driven
by Piezoelectric Bimorph Actuators
(Identification of Mass and Stiffness of Minute Flexible Objects)

Young-Chul KIM, Seiji CHONAN and Zhong-Wei JIANG

This paper is a study on the identification of physical parameters of flexible minute objects by
the active sensing using a two-fingered miniature gripper. The gripper is consisting of two flexible
fingers actuated by piezoelectric bimorph strips, which ride respectively on translation stages driven
by fine ball screws. A semi-conductor strain gauge is bonded on the surface of one finger to measure
the vibration of the coupled finger-grasped object system. First, the two fingers are shifted laterally
until they come in contact with the object and hold it. Then, one piezo-actuator of gripper is driven
by a step input voltage so that the two fingers shake the grasped object. The first natural frequencies
of symmetric and antisymmetric modes of the coupled system are read through the spectral density
analysis of the strain gauge output, from which the mass and stiffness of the grasped object are
determined uniquely. The proposed identification method is studied theoretically and its effectiveness

is verified experimentally by using a sponge rubber block and a salmon roe.
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Fig. 1 Geometry of problem and coordinate.
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Fig. 2 Variation of first natural frequency of sym-
metric mode with increasing grasped object
mass(theoretical results).

+ 2K W,;(x)d(z — )|Wai(z)dz,
i,7=1,2,..N,

/0 (@) - 8o - Q) wa(e)da/2 =1

cgaij
- / [6'(c) — & (2 — a)Jwai(a)de/2 ,j =2

{

0
1=1,2,..N,

My = [Mpl Mp2]T~ (15)

T¥H 3. Finger 1 & Finger 2 ZLAT, 71 VNI
RTERBHRIET 2L &7 5. ERFERROAN &V
YTV TRMTRTEL AT L&, K (13)1X0
WR—AF L% AV BB R ORI F R
BEND.

2.2 XNRYOHF LRIEOFTR

Z->0> Finger 231849 & Hefid UTRRECTOT A5 —
VoM ETRS, BEORNER LW ED Z o0
ET— FOBEFRBEL YV HEHOERLAISERD S
BBz, UTRY. £7, ARED 1 ke— RBXW
FAHHO 1 RE— FOBRFELZEESFEX|T| =0X
YRDTEL, EHIBLNEEEFEER(9) ITRA
TBHILIZEY py(= Ry +iL,) BE U p,(= Ry +il,)
MBROLND. EOHE, FAAAR I OWMRE-F
DEFREBUL

fi=L/2r, i=s,a, (16)

EE5EZDB.
Wiz, BHEEY EOOT RS — VMY LB S
=l ~l, BERYDORSERLETDE, F—VD

en
1=
©

250 mass m[g]

— .
g 200 ) = S Ee=z +;
g LT Tt VAT e
T e Lit] Rttt |
B ot
sz s
& 10 —_
[

2

o

Z

=

o

(=3
<}
©

—

600
1200
2400

<
o
Q
[

3600
4200
4800

Stiffness Ks[N/m]

Fig. 3 Variation of first natural frequency of anti-
symmetric mode with increasing object mass
and stiffness(theoretical results).
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Table 1 Physical parameters of Fingers.

Property Piezoelectric cell Cu-beam

Length [m] 31.8 x 10~° 36.2 x 10—
Width [m] 12.0 x 107 6.0 x 1072
Density p [kg/m’] 8.3 x 10° 8.67 x 10°
Young’s modulus E [N/m?] 58.03 x 10° 102.5 x 10°
Damping coefficient 7 [s] 3.5787 x 10>

K ifEx D m & feoEicat LORDTCRE, 74
NR—2E LTRELTEL. 2B, K, =0 0H&13
fi=fEns.

IR DEEm LAIX K, 2RO 5720, Y
FIENKRIMOBER LIS 2 H T 52 EE LICRE
T Finger 1 IZ AT » FIROBBIEELZEIMNT 5. K,
Finger 1 OWMEIT Y BIZALY fHT B OTH S —Y
HAZFR, U —227 MAFATIC LY 1 ROFN
B X OHAEE— FIZxtd 5 v 7 iRE% 7, fi %
FAMD. Bohiz fER2HDVNIA(18) &V,
BUMEOBEEmBARESNS. SblZm & 2RV,
3HDVI(19) LY KBPREEND. LLEDIE
Eh oL Ca—F LTI, BRESEOEEm LAlS
KMNBREEND. 12 20F f;=35.64Hz THD &T
2, X)LV NBYOEEmMm NP 2 LRAE SN
B. EBIT feEFa, B3 HDVEK (19) L@l
KARETHILENTES. W3O m=2gD777
BEY, 72& 2T ff=150Hz X K, =1000N/m =%
THEZERGND. Zhiy, EEDETER2g
& 1000N/m OHETH B LAEEND. 2B, B3
WEEN 1g T HEER LTS, EEIZ
FEm D E HIZHAWEII T L C R R 2 2 5E
1772w, B ORMEREIC#ER LT 5.

3. B

ARBRTHEA L EBEOMKE R 41077, T
KA U CEERF CHRB &5 _FfEEHE, BLUX
F oL E—F LR U T SN 5 AR
DLV o T 5. Finger 1 OBMEIX Y AIZITR T
LY 128mm ~ 14.8mm O BIZEEEOTHRTS—V
MBREY OIF HI TV B, &5, Finger 2 DEHITIT
L—H 25t (KEYENCE LD2500 : 5382 0.504m)
BE=F—HE LTREENTNS. FRFERER T
AF S-S ERHHL, F—NVRUEEESYE
B ETCIABOMREREL TS, Zhid, &
BOEERTF OREEMB+ 5 TRV DRI R
PR 5 £ TP BHIS Y, To% NemE LR
LT VT4 TRy TEITHIDTHD.

AEBRTHER LIZSRBOPMHEE R 1ITRT. £
% 212 m=3.6g DBV X&) (K, = o) EBHEYE

Finger ]  Finger2
& Laser disp.}
: amplifier { H
Copper
beam AD ’
converter
Strain [steain gauge
gauge swplifier
Piezoelectric Power D/A
|_amplifier converter
Stepping

motor

Computer

Fig. 4 Experimental setup for active sensing.

Table 2 Theoretical and experimental natural fre-
quencies of 1st symmetric mode(m=3.6g).

Theoretical value | Experimental value

1st mode 27.48[Hz] 27.78[Hz]

72358 O 2R MR O 1 RIFGAEE— FOBEHRIREEK
PTY. BRELEBEIRHELTEY, KR
EFTFANREETHDILETLTND.

4. ERERELTOEER

LT, EROBHRENCBNTELNZREHEEE
Bz LV REET . ER TR OO R4 & Hi
L72% Finger 1 DEBRFICEELXHIIL, Bohic
OFBT— AR LTRT— R~y b V(D) %
175. M Finger IZR— OB EE &2 /BT RN
HE— FORBNRHEE LRV e®, Z 2 Tid Fingerl
WZDH AT v FIROFFSETE & EIIN L A et 2 5%
#]MTa. UTF, Yo7V 7BA#E 2 msec & LTE
BREiT o0z,

517, TAEMENNT Y SRR LT
DOTIRF—HAD/ T =22 NVEEEZTRT. £
BRI L BRMIAE 1 (E— RO e — 2 1RBhEK £713 32.9Hz
THY, FETHHBEMOERIT 255 L REOND.
—7, ERCAE LHEMOERIL261g THhol
S ORI E KD BT HOBAIE L IRE— FOE—
J RS fOEEAE (K,=c0) & RIZ SN
&, —HEEM AR OB R Lo THET
B LB L 230Hz THHH, RIRLEZARS bIVEE
WRIZIZHA A EDR TV, T K, = o D
B L OREE— R+ RE S HEHONTRWEDHT
b5

B 6 IFEONOREYE LTARY VO/NLHFE
EHFLESEOOTHS—VHIDAT =27



EERTFCEH S/ MRS EROLT 2774 Ty VT ORF% 1567

329Hz

Power Spectral Density

0 50 100 150 200 250

Frequency (Hz)

Fig. 5 Power spectral density for a rigid object(steel
ball).
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Fig. 6 Power spectral density for a soft object
(sponge rubber block).
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Fig. 7 Power spectral density for a soft object
(salmon roe).
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