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Abstract

With the prevalent use of robot, the interests in moving speed of robot have been increasing for
the purpose of upgrading performance of production. But the faster robot manipulator moves, the
worse working accuracies are. And mechanical vibration is more and more serious with the
increment of the moving speed of robot. So, the study on the cause and control method of robot
vibration is one of the points of issue in robotics.This paper focuses on the vibration of 3 DOF
parallel link drive mechanism robot. We assume that links of robot manipulator are ‘rigid’ and
joints are ‘flexible elements’. Governing equations of robot system including controller, servo
amplifier, D.C servo motor, transmission with elasticity, and manipulator dynamics are derived.
On the basis of modelling, we define ‘controller stiffness’ by the proportional gain of controller
and ‘stiffness of transmission’. Numerical and experimental research is performed to study
vibration phenomena of robot induced from the variation of these two defined stiffnesses, and its
results are shown.
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Joint 3 51632 14.3 650 0.06685 0.022 3.03 0.95 311
Table 2 Parameters of motor & harmonic drive
La Ra Ke Kt Jm Bm Kg N KGs
Joint 1 0.0018 11 0.212 0.212 0.000744 0,002 5.7 101 58160
Joint 2 0.0018 11 0.212 0.212 0.000744 0.002 5.7 79 51632
Joint 3 0.0018 11 0.217 0.212 0.000744 0.002 5.7 79 51532
Table 3 Inertia parameters of robot manipulator
m mCx mCy mCz Ixx Ixy Ixz Iyy Iyz Izz
Link 1 14.8 0.00 —0.83 | 0.00 1.13 0.00 0.00 0.98 0.00 0.35
Link 2 9.16 2.54 0.00 | 0.08 0.04 0.00 0.00 122 0.00 121
Link 3 713 0.42 —2.27 | -0.16 1.29 0.00 0.00 032 |[-0.10 1.59
Units Kg Kg-m Kg - m?
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Table 4 Initial & final joint angle

Joint 1 Joint 2 | Joint 3
7] —40° 120° 50°
Or 40° 60° —50°

Target time 1.0 sec

1.0 1.
g 0.3 ///— g.. //\
g .. g
- 4 z
%"“ = g

M5 o2 os ob ob 10 06 o2 04 06 0B 10

TIME TIME

25 00
3 e 1\
oo f g-os
g N ¥,
s N\ ~ NV
3 N Z-1s
g \ g NV

1.0 -2.0 \J

00 02 0. 6 03 10 0.0 04 08 O 1.0

I
=
mo.
=}
=
m

-1.2

o
o

§ 208
-18 ¥
" \ L 10
Zaa 577 N
] < g A A
“2%5 o% os os ob b 155 ok oh ob oF b
TIME TIME

Fig. 3 Target trajectory

2a=30-6—30-6,— (14- 6,+19- 6) t,~ (3- —2- 8,) t/*
= 2’t/4

o= 126,126 (6 Gr+6° 6) tr— (Go— 8, 17
5 z,tfa

7t A9 2/4A 4 F84H, EIAL 5
Table 4o eliglon] AH=23t4e olafiy 73
7t 34 E3Hdxe e, A4z FJeE Fig 3
o ehdlglct,

(14)

(o]

322 A8 Y dEel =

239 Y% FAZ AT FA% 23
e Aoz AR Aol 2ol BAFE 1
A4 5 2 4ol Aoy AT AFE Fol

X Ke, $AALRA A4 KGol 27]3o]d
@ e A2k Aol dalA Aol A

AR AS+E FRAANDA 2As4 % A
& Asje] o5 Wl Ao WEel wlHE I
o ee#A maelgich,

33 XA H HEo WY

331 FRlElNe gy

2o A de (D)X (97AA A5 ¥
H AlZkell oid el EaA Aot 53] 2ERS
AE 3= Al5e =9l Eu 4 (joint variable)
o HalA A4de] 2 wlAgAlelmz A= Ho
23}le AT19 FAAYANE= 4 HFE9
Zholl cigk W35 A4S HAlA 422 2k
© 2 42} Runge-Kutta®h¥ (4th-order Runge-Kutta
method) & AH&-31 e,

ofn
rlr

>
ol
f
R

>

I

332 Agel wuy

£ A7 Az Ee Hysa T4y 34
5 2X0% Fig 4o AdA 9 dhekgel 72
F uERigieh 2.3 Ho®l Ao}y A4
e ATE WA THA BEHZE s =282
€ F53xn dlacjz iy mee 9xE, vz
Usllolse ez te A/DHIAIE AAAN =
B £2 & Z2Hdl AFeol A o] #
EEYEH FHAGAY A4uE zesd 2EH
Ao A9} €5 &5 AA o2 Aste A EH o
AolA dg AAHY YA o &£xo} vlw, HEF

o= A Atolel Aolzt g wo W AE
FAS] A 25 HFH Y ddo
= A} (accelerometer) & H-str ZF A
wetr] 23E FAAHA HFH Ao 44
& A& M= d SASAS

g
wu Jf oox oM L
wlo

802686/80287 Computer
«Robot Control
+Data [nterface
«Data Acquisition
*Brake Control

@ Converte

D/A_Convertor'

[Serve |
Amplifier

Counter, Encoder

A/D Converte Techo

Fig. 4 Schematic diagram of APROYS-1



266 ZAEd - A - - AEA
Table 5 Parameters of gains & defined stiffnesses
Figure Joint 1 Joint 2 Joint 3
number Kc, KG, Kcd, Kec, KG. Kcd, Kecs KG; Kced;
5 19387 58160 2 17210 51632 5, 20 17210 51632 5, 20
6 174480 58160 154896 51632 5, 20 154896 51632 5, 20
7 58160 | 58160 2 51632 51632 5, 20 51632 51620
8 58160 2 51632 5 51632 5
9 58160 2 51632 20 51632 20
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