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The End-point Position Control of a Translational Flexible Arm
by Inverse Dynamics

S.C. Lee*, D.Y. Pang** S. Chonan***, H. Inooka***

ABSTRACT

This paper provides the end-point positioning of a single-link flexible robot arm by inverse
dynamics. The system is composed of a flexible arm, the mobile ballscrew stage as an

arm base, a DC servomotor as an actuator, and a computer. Actuator voltages required
for the model of a flexible arm to follow a given tip trajectory are formulated on the basis
of the Bernoullie-Euler beam theory and solved by applying the Laplace transform method,
and computed by the numerical inversion method proposed by Weeks. The mobile stage as
the arm base is shifted so that the end-point follows the desired trajectories. Then the trajectory
of end-point is measured by the laser displacement sensor. Here, two kinds of functions
are chosen for the given tip trajectories. One is what is called the bang-bang acceleration
profile and the other is the Gaussian velocity profile.

Gaussian velocity profile, as a result, provides a smoother behavior of the tip motion and
gives the 4.8 times reduction in the residual vibrations compare to the results obtained with
no use of the inverse dynamics under same conditions. On the whole, end-point responses
obtained experimentally are in good agreement with the desired trajectories, which show that
the scheme of inverse dynamics is effective for the end-point positioning of the flexible arm

driven by the translational base.
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(c) details of ballscrew.
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PASE A ANIHE HEYCEAN 2P, HEE
B Ve ZAZE F39 o Ade weq
vl gtEA A4 -5VelA Aol +5V AleloA FHYo]
HHoz SYEE 2R BHAM A Aol A
IE 124IE SRS Ze A/DEWZ AfEHA F
el Agsol ALEnh dH, BAY oA ¥
A= DC MEEE Zo Zag dICE R w4s
T "B2E A AR JEEHE HEEe 2Fsln
Z2ae webd Fojgrk TEY FEL HFdste
2 7% Ao2RE AFEIL FXALG dojeld o
10msec DAZ FAAIA A8t D/AMENE B3}
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FI39 AFE MEEEY FFFOEN FFARC

Table 12 & A% AL AlA") FQ FAQ
290 DC AEEH, BuA HALE7 T 2 gAY
W pEEBELS Fsidd

DC servomotor :
polar moment of inertia of motor

damping coefficient of motor shaft and ballscrew

resistance of motor armature

inductance of motor armature

motor torque constant

motor back electromotive force constant
Mobile stage:

mass of stage

polar moment of inertia of ballscrew

polar moment of inertia of coupling

damping coefficient between stage and guide

pitch of screwthread
pitch circle radius of screwthread
lead angle
friction coefficient between stage and screw
friction angle
Flexible arm :
density of flexible arm
cross sectional area
internal damping coefficient
Young's modulus

J =5.820%10°° (kg - m?)
C =2.984x10° (N - m?*/s)
R.=8.70 Q)
L.=5.50%10" (V+s/A)
K.=3.883x10" (N -m/A)
K.=2.872X10" (V « s/rad)
M.=6.3869X 10" (kg)
J.=1.4803%x10° (kg - m?)
J. =9.5450%10°° (kg - m?
C.=6.5320X10°* (N -s/m)
p=4.0X10"* (m)
r=6.375X10" (m)
$=8.8942x10" (rad)
#=3.50x10"*

¢=3.499%10°° (rad)
0=2.447X10°3 (kg/m?*)
A=2.433%X10" (m?
C=1.190x10"* (s)
E=6.50%x10" (Pa)
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Fig. 4 Profiles of commanded tip motion of bang
-bang acceleration function, (a)
displacement, (b) velocity, and (c)
acceleration. L=500m, W.*=50m
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Fig. 7 Variation of tip displacement when base

is transferred by equation{(32)
(Experiment), M,=2.368X10 kg,
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Fig.9 Realized tip motion to the commanded
motion of equation(32) (Experiment),

1 : commanded trajectory, 2 :realized

motion, (a) L=300az and, (b) L=500za, T.

=0, 5sec, W.*=10% of the arm length,
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Fig. 10 Realized tip motion to the commanded
motion of equation(32) (Experiment),
1. commanded trajectory, 2 :realized
motion, (a) L=300=a and, (b) L=500ma, T.
={}, 5sec, W.*=10% of the arm length.



TRPY TR AIE A4T (1992 124)

W) AEFL: EFHE AR ol ATAHYS
YEdhe PAE EAFn o] AEeFY AFEE
Bue T2 A4 B o fdA deun &%
9 71550 RN} dvit HA9] HuARE 4
PoEH AFYuYoz AHd9 AT AN F
AEE Ut

Fig. 112 Ajzte] w} wolx 5o U@ @4Y
Agate] AdiAQ WA g AEEHAE Heolx U 2
Holxgh 2ol A3 WE7] FAdE wolast ¢ A
9ol 2EEg M st Fue) BFldgAE
FhFo] Aol Mol2g A4 olFstH &F9 A ois}
¢58 R wolxr}t FYY AA¢] EHs s}
I Qe g A9 Wde m4Y ARRFol A&H

I UEE 7 AR olRAL BHELE Q% A=
*31}6}“1 gFshiesrs FEIY] o Ade ¢

T AT E o9 gty AFAF e
l 739 shie Al2gd 7IAHQ Fx9 U
ol Sickn AZslrlel dFS YR Aoyl
dEEdddle APl lov HHY ARPrE AE
oA VY Mdd 24ds IRATE HAAT
' 9¥2 39 dn Adn A

I i v
E
g
<
=
0 | . ! : ]
0 1 2 3
(a) Time(sec)
1] T i
£ 50 |
g
\_‘_:;: 25 -B s
= ase Tip
O L ] e ! n
0 1 2 3
(b) Time(sec)

Fig. 11 Actual tip trajectory to the base motion
(Experiment), (a) equation (32) and (b)
equation (33), T.=0.5sec, W.*=50m.
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