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The Vibration Control of Flexible Manipulators
using Adaptive Input Shaper

NzE HER Yol Y
(Hyo~-Pil Shin, Young-Moo Jung, and E-Sok Kang)

Abstract : The position control accuracy of a robot arm is significantly deteriorated when a long slender arm
robot is operated at a high speed. In this case, the robot arm needs to be modeled as a flexible structure, not a
rigid one, and its control system needs to be designed with its elastic modes taken into account. In this paper,
the vibration control scheme of a one-link flexible manipulator using adaptive input shaper in conjunction with
PID controller is presented. The robot consists of a flexible arm manufactured with a thin aluminium plate, an
AC servo motor with a harmonic drive for speed reduction, an optical encoder and an accelerometer. On-line
identification of the vibration mode is done using the pruned decimation-in-time FFT algorithm to estimate the
parameter of the input shaper. Experimental results of the flexible manipulator with a PID controller and input
shaper are provided to show the effectiveness of the advocated controllers.

Keywords : vibration control, flexible manipulator, adaptive, input shaper, on-line identification
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Fig. 1. Modeling of the flexible manipulator.

3 o] Zol < 3Bl A HGAZFo] FiAd
Euler-Bernoulli B2 o]338late] siagct. @A
OXYE 3H 3AZFAol A HulFHA I, Oxy=
B9l o] sjHse AUIA HFAlth A FHEA
9] x%2 CHE Ave AdEE HAIAWE, yEFL& ol
Awsle wgkolr). & Zo] ke 99X x= AL HY

3] C’é"i—rﬂJ s, y(x, e B 3T
HdFg veEhdth 44E, 28 8o & 2 T
A =9 4 35]"“] wAElE Coriolis® o] J3S
FAstn 2% #o| ¥y gl dg EFAH
A Z2E Hamilton®] ¥E o] &3t fFE3td T
3} o] ¥@9ch[2]

EIv" +{m+md(x—0}y
= —(rp+x){m+mé(x—1)} 8 1)

y(0,)=y0,)=y"(L)=y"(,,)=0 2)

o714 prime ()& dot ()& 22 FHE x9F A1zt tol)
3 =¢+E Je® §( - )= Dirac delta 55
12 1=
T O3 29 2ol AC MR EEH, 3EY =lol,
3B g Fd3 22 A" 2R B AaHe ¥4 ok
g ZAEY ERY Eod HiEALe vs3 2o
=J8 +Ts+T; (3)

A7, T, = K.V
Tg = —My tnF, (4)
T/ = Cf szgn(ﬁ)

714 J& 3RY E=golME IR TEHY B4
2HE, K, Ve 42 ZE9 JHY Jrot 75 FH
AXE, Ty, Ts, T)%f 442t 7He] 35 BEed, 3
2y Alole} AEFH A4 FE(Codomb) wHEE e}
Aok E My, Fo e 44 2% "o] 2E HHFH wiH
t 79 =BdE9 ADEE, e % HEAF
sign( - )& B354 (sign function)E e

Tip Mass

o DO

Flexible Arm

Coupling

Harmonic Drive

a9 2 §49% 23 23 7] Al&EHL
Fig. 2. Flexible robot manipulator system.
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Table 1. Parameters of the flexible robot mani-
pulator system.

Parameters Value

Length of the flexible link (/) 087 m

Mass per unit length of the flexible link ( m )| 0.222 kg/m

Bending stiffness of the flexible link ( EI) 1.70 Nm?
mass 1 0.023 kg (12%)

Tip mass (m,) mass 2 | 0052 kg (27%)

gf)etrrf:ntiifblzonnt)e - mass 3 0.104 e (54%)
mass 4 0.209 kg (108%)

Hub length (7, ) 0.051 m

Inertia of the hub ( ) 9.46 kgm?

Total inertia of the flexible arm system (J) | 16.05 kgm?
Proportional gain of the driving system ( K,) | 1698 Nm/V

Velocity saturation bound in hub (S;) 3.27 radls
Friction torque in hub ( 7) 8815 Nm
Gear reduction ratio { N) 80
Damping ratio of the flexible arm ( ¢) 0.025
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Table 2. Natural frequencies for tip mass Variation.

Tip mass natural frequency ( Hz)
(kg) mode measured estimated
mass 1 1st 1.758 1.755
(0.023) 2nd 11.503 11.719
mass 2 1st 1.367 1.368
(0.054) 2nd 10.547 10.547
mass 3 1st 1.172 1.174
(0.104) 2nd 9.961 9.961
mass 4 1st 0.977 0.980
(0.209) 2nd 9.375 9.375
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