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Force Tracking Control of a Smart Flexible Gripper
Featuring Piezoceramic Actuators

Seung-Bok Choi*, Chae-Cheon Cheong®, Chul-Hee Lee**

ABSTRACT

This paper presents a robust force tracking control of a smart flexible gripper featured by a piezoceramic
actuator characterizing its durability and quick response time. A mathematical governing equation for the
proposed gripper structure is derived by employing Hamilton’s principle and a state space control model is
subsequently obtained through modal analysis. Uncertain system parameters such as frequency variation
are included in the control model. A sliding mode control theory which has inherent robustness to the sys-
tem uncertainties is adopted to design a force tracking controller for the piezoceramic actuator. Using out-
put information from the tip force sensor, a full-order observer is constructed to estimate state variables of
the system. Force tracking performances for desired trajectories represented by sinusoidal and step func-
tions are evaluated by undertaking both simulation and experimental works. In addition, in order to illus-
trate practical feasibility of the proposed method, a two-fingered gripper is constructed and its performance
is demonstrated by showing a capability of holding an object.

Key Words : Smart Flexible Gripper (~FFEA%128}H), Force Tracking Control (8524 0}),
Piezoceramic Actuator (3422 2%57]), Sliding Mode Control (£de]d REAo]),
Robust Control (ZFA#4Y)
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2R, $5 728 a9a 4% 24 77| 22 A7
#opol A vl&dtn AL AL +Y3y] A8 &8 #
@ vy EH 18 (manipulator)} &9 (gripper)€l
A2 2 g Aojo] AP P2 A7 o] Mol
3t} ol g AP L vt Mg oA Fe 24
Z OFAY Z& 8% Popillq WA e ey
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Fig. 1 Schematic diagram of a smart flexible gripper system
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Table 1 Dimensional and mechanical properties of
the smart flexible gripper

Composite Beam (glass/epoxy)
" dull . .
Youngle MO yickness( )| density ()| widdh () | ength (L)
6.4 GPa 0.5 mm 1865 kg/m® | 24 mm 100'mm
Piezoceramic
Y 's maodul ) .
Iy thickness(k, )| density (0, width () | length (1)
2
64 GPa 0.8 mm 7700 kg/m® | 24 mm 60 mm
iezoelectric strain constant (d,,) 3005 10" 2m/ v
P!
stiffness of spring ( X, ) 2088IN/m

Y AE ddd 249 <A At #3012 A
a1, G 24A71(load cell) & ol 43t 942 A% Ao
A 2E g PASET @ 2A7E AL 18 2d
dA Z4e g 2dze A/D 48 E Fotd dAE A
E2 Agso] vlojaz AN oo}, o A}
45 Wgs)e AZY £%= 1000 samples/secE 4
Aol AEL gk ¥ WA= 2 e 1=
£ A2 g Ao} 4o HRE o|&3sle) dAE B
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of deL wg HAFH 4FH & 7Msd 87 24
ol whah 9g Wt} vlolaz AFHAA YA
Aol 98 Ak D/A ¥871E AXAM 10008 DCAY
ZZ7] (voltage amplifier) & T3 $E5Ho ¢A A&
go FFEct o] FF HAYE Aol RAEE AT
olz R 43t 4 F4 Aoyt 499} #9, 49
ZAHE AAstn EX7) Y84 Az £47](dynamic
signal analyzer)® °|4319t}. ol# e § F3 Ao
ARL 3 A ¥ AA < Fig.29) et
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Fig. 2 Experimental apparatus for force tracking control
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Fig. 3 Force tracking performance for sinusoidal trajectory
(a)simulation result (b)experiment result '
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