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End-Point Force Control of a Miniature Flexible Manipulator
Driven by Piezoelectric Bimorph Cells
(Modeling of the Force Sensor Output for the Simulation
Analysis of the Time-Discrete Feedback Control)

Zhong-wei JIANG and Seiji CHONAN

This paper is a study on the output of the force sensor which is used for the simulation analysis
of the time-discrete digital force control of a miniature flexible robotic arm driven by piezoelectric
bimorph cells. The output of the sensor installed on the tip of the arm modeled by (a)the product
of the axial stiffness of the sensor with the relative displacement of the sensor to the object and by
(b)the lateral force derived from the integration of the equation of motion of the arm. Model(a)
is the classical, commonly used expression on the sensor output, while model(b)is the expression
newly proposed in this analysis. It is found from the numerical analysis that model(a )presents
unsatisfactory estimation while model ( b)offers adequate resuits for the output of sensor which is
used for a nimulation analysis for the time-discrete digital feedback control of the system.

Key Words: Simulation, Continuum Mechanics, Robotics, Miniature Flexible Manipulator, Force
Sensor, Piezo-Electric Actuator, Time-Discrete Method, Data Processing
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TDE, hOMEDThLIREVERVL IS FAEI D
5, ZDZEIDVBERI VI ERAW-ETCFL F2 %
—HERBLHDEIRY VSR T 285108
KTR2HBOHZZE8bh b,

8 (a), (b)iZ4Hz CERERITELT WX
RPN LTH 7Y 7 EAM T=3msec & 1
msec D—RF— VT EFOIHEEOBRETH 5,
TOBEELRAULL, bbby L FE
By 7Y v AR EISNTIIZRI US> T
WBH, FRi3y 7Y Y IARPREELY Y v
JRMEELTAREEREREICETSL ZE8bh
5,

UEOHERIE—DREFIIDIZOWTE NI HER
TH3, R, RLGRLLEEBRTFLABEESYE
TR VEYTINR S —FiZOonTELL, SHE
GEUES 2 M=2, N=3 L LTy ¥DiFhIibs
% K,=2000(=45000N/m) &£ LTfT->7-.®9 (a),
(b)iENFEYEEET «(£)=01mm ETEL LIz L

0.04 . 8

s
1. &

0.02 44
& 1=
~ -: 2 =
= 0 0o %
< 2 X
&) -0.02 Ja =
Js &

-0.04 -8

0 0.2 0.4 0.6 0.8 1

yi(8) & u(e) (mm)

0 0.2 0.4 0.6 0.8
TIME (Sec)

—

8 WEWB4Hz DERBERZFHSBEO L HHA
B X UEMGE, Ks=500, M=3, N=4; (a)T=3
msec, 1IRKx—N5%; (b)T=1msec, 1 R&x—I
o

EDV =TV —FEIROE v L2 Y FL F?
ZRLIEHDTH, M9(a)iky > 7Y > 7Bl
T=1msec DBRFA—NFEB V-85S, E9 (b)
B—RA—NTEBLBEORETH2. EEET
EETARM S ARICHTE FJ(N) 28/ L
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EERFTREHEAZNNET VY TNV —F OERIFIE 1127

— 71— 04
...... y(8) ] E
) ——u(® 03 §
. 3 =
Ry o2 ¥
& | <
[y 01 &
%
d >

n [ 1 A 1 0

0 0.2 0.4 0.6 0.8 1
TIME (Sec)

0.2 S LI S 0.4
: .---.p:: ...... () ,g
g 1 —F, ——u() o3 5
~ - ] -
=01 Ho2 ¥
2 - { =
< [ 01
=
| ] ey

0 1 n 1 i 1 L 1 A 0

0 02 0.4 0.6 08 1
TIME (Sec)

0.2

[ (0

fal

u(t) (mm)

0.2 0.4 0.6 0.8 1

“o 0.2 04 0.6 0.8
TIME (Sec)

9 EBEFF-HIREMAVIHAOL VAL L UEMGE, Ks=2000, M=2, N=3, T=1msec; (a)¥EHNTH,
0k —n g (D)EREIRIES, 1Rs—1 s (O)BNRIBE, 0Rk—1 s () BRREE, LRE—L5

L ZORBHD DA ymm) EHEHETRD S &
S

=().854 675 s reerervresretittiotiiiiiiiianni (29)
BT iE %(t) #501mm 2 # L 7z & & 5:=0.097 45
mm, F}=0.114 075 N, F2=0114 975N i & > T\ 3
%, TRBRERENIEL>THLNBEE—HLTW
B, R LRSS £ 5 RECRBR K-8
FAVCTEBIL LSS, Fi L ROBREIOEN
Rohz [K9(a)]. M9 (c), (d)INRy%iRE
0.1 mm, ALK S5 Hz DEZFETEHH» L - HORE %
Y. BRED, BR  —RA—AFBLCF V7Y
YRBOREOFER, B—0RFHE) OBRTR
ShiERERACTHS.

4. #& i

(1) NREMOB)EIBIEL 2085 Feimo HHIE%
FHI7vFR =7 v—YHIHNE R, EBXTF
RET3RoV— REARIZD E 2T — PRI
KR@)EHWE ZETY S av—¥ g VBB TEE
ThHb.

(2) BEEEERIRICB U2 2>y HAER, SRy
DEIED B IR B HETERFER ATV S
#FR F[RQO] ERs—A 50 [(RQ2)] %
HEE-b0RFERLTRYL, Uh L sdsiys

< BT FLic—Rbs— A 75 [R(@23)]
PHEAERH DYV v IEEL TAREL TALE
»BhHb,

(3) ABXTRBL: X HHAETA FE [R
@n] zHw3E, o rHAEBBEERIETEATS
B « —IRER—NVITERB 20y > 7Y v RO
EZIZE AEHEINT, PRVKLELLRFRY R
av—yvaVERPESNS,

i BAPZEE, (B NEZHRRAME, FlR2EE
WMEBIEREDOHB 22 TiTbii: 2 L 25T 5.
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