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Vibration Control of Manually-operated Flexible Arm

o Yoichiro MASUI (Nagaoka National College of Technology, Advanced Course),
and Hiroshi SATOH (Nagaoka National College of Technology)

Abstract: This paper deals with vibration control of manually-operated flexible robot arm. Upon request, such as
lightweight and high-speed operation of the robot arm, the robot arm will have the flexibility. Many researches of
the flexible robot arm have been reported. Trapezoidal velocity function to control for the flexible robot arm has
a valid result. However, manual operation would cause vibrations to the arm. In this research, we construct the
vibration control system of the flexible robot arm for manual operation. Linear quadratic regulator method is used
to design the controller to achieve reduced vibration. Experimental results show the effectiveness of the control

system is designed for manual operation.
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Fig.3 Flexible arm model

00000000 2; 000m; 00000000%k;; 0000
oooooOwv,;,00000000000000000O000A0
goooooo njElDI:IDDEIDDEIDDDéDDDDDDD
Oo0o0oo,Fg 3000000000000O0DOODO.

[M]{&} + [VI{a} + [K]{z} = ~[F]d (1)

000O[MO[V]O[K]DODO0D0D0000000000000
00000[(F)000000000000000000({z}00
00000000000000000000.

3.3 0000000000

0000000000 0000DO000 DCOODOOOO
00,00000000000000000000000000
0000D00. 000000000000000000000 3
ooooooooon 9.

0+ 16 + asf = Bu (2)

O000aq, e, 00000000000 O0OO0ODOOwODOO
goboooboooboooooo

34 000O0O0OO0OO0O0OOOO
gobooooooooboooooboooooobooooooo

oooOoO03o0oo0ooooooooooooOoobooOoooon

gobooooobooooooooobooboooboooooobooo

gobooobooooboooooo

3

© ®3)

83+ 2wes + 2w?s + w?

w

H(s) =

000 w.OODDOOOOOOOOOOO

3.5 0000000000
000000000 (1)0(2)0(3)0000000000000
000000000000000000000Fig. 20000
00000000000000000000000000000
00000000000000000000000000000

- 1965 -

goboooobooooooooobooooboooooooooo

Ay BiCy  Osxs T O3x1
T = 03><3 Aa Bacml Tq + Oﬁxl u
O3x3 Osxe  Am Tm By,
T
y = Cl 01><6 Ol><3 xl
Ol><3 Ol><6 Cm2 xa

(4)

0000000000000 O0 mOeDlODOOO0OOOOOOOO
goooooooooooooboobooboooooooboon
000oo0o0oogoo100000000000o0oooo2000
ooooooooooooooooad
3.6 0OO0OOOOOO

Fig. 200000000000000C00O000O0O0O0COO

ooo0o0o0ooO0o0o00obooO0O000o0000 FFTOO
000000000000 Fig. 40000

----- Numerical Model
Mesured

1
N
o

Gain [dB]
N\
i

|
&
o

Freq

T

Phase [deg]

-100}------- B

-200
10° 10 10°
Frequency [Hz]

Fig.4 Identification result of experimental system
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Table 1 Physical parameters of system

Mass [kg] Influence coefficient
m1 = 0.132 m = 0.0052
mz = 0.100 n2 = 0.0001
ms = 0.100 ns = 0.0210

Stiffness [N/m] | Damping [N-s/m]
ko1 = —295.7 vo1 = 0.0404
ko2 = —940 voz = 0.0828
koz = 12700 vo3 = 0.3096
k12 = 600 vi2 = 0.0126
k13 = —50 vz = 0.0010
ko3 = 2600 v23 = 0.0546

Motor Parameters
a1 = 0.0631 x 10*
az = 8.6002 x 10*
B =5.1905 x 10*
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Fig.6 Experimental results for trapezoidal velocity control
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Table 2 Area ratios of response

casel case2
Trapezoidal vecocity control 65.8977 | 56.5435
Manual operation with controller2 || 63.8499 | 52.3447
Area ratio 0.9689 | 0.9257
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