i THOMSON REUTERS
ISSN: 2277-9655
[Kumar * et al., 7(5): May, 2018] Impact Factor: 5.164
IC™ Value: 3.00 CODEN: 1JESS7

=+ JESRT

INTERNATIONAL JOURNAL OF ENGINEERING SCIENCES & RESEARCH
TECHNOLOGY
DEVELOPMENT IN VIBRATION CONTROL OF ROBOT
Sunil Kumar*
*Department of Mechanical Engineering, Sant Longowal Institute of Engineering and Technology,
Sangrur, Punjab-148106, India

DOI: 10.5281/zenodo.1241398

ABSTRACT

In robot’s vibration is one of the unwanted phenomena and hurdle to achieve high accuracy in performing tasks.
The use of heavy rigid robots in industry is not solution of vibration control. In this direction number of
researchers have attemptedthrough experimentation and modeling and simulation to reduce or omit effect of
vibration. Depending on the type of robots different control strategies like PID, PD, optimal control, active
vibration control etc. are applied. In this regard a comprehensive assessment of strategies developed and
implemented for vibration control are presented. This article will benefit researchers in understanding the
control of vibration in robots.

l. INTRODUCTION

Robots are widely used in industry for replacement of human in hazardous, repetitious and tedious jobs. To have
high accuracy and precision by reducing unwanted vibration in robots is one of the important filed among the
researchers. Robots are designed to have high stiffness so that vibration in the end-effector can be reduce.
Weight robots with high payload to arm weight ratio response better to vibration in low speed but at higher
speed inertia force leads to link deformation and unwanted vibration. To have high accuracy in end-effector
motion under vibration condition is challenging task. Passive vibration control is generally implemented to
reduce vibration by attaching mass spring and damper in the system. In case of robot’s addition attachment
restricts the motion and source of vibration is required to control it. Active vibration has edge over passive
vibration control of robots. Active vibration counters the vibration instantaneously by responding low as well as
high frequency disturbances. Mostly design strategies for vibration control are done along with the track control
[1, 2]. In experimental studies smart materials like piezoelectric materials, shape memory alloys, electro-
strictive etc. are used for promising solution to reduce vibration [3, 4, 5] in active vibration control (AVC). In
some of the case along with smart materials controllers like PD, PID, artificial intelligence algorithms for
control are applied for better control of vibration.

Many researchers have experimentally and through modeling and simulation have given different strategies for
the control of vibration in different robots. In view of this in present study articles related to vibration control of
robots are presented in two sections. First section presents the articles related to vibration control by
experimentation and modeling. Second section presents articles related to vibration control through modeling
and simulation.

11.VIBRATION CONTROL THROUGH EXPERIMENTATION AND MODELING
Application of smart materials in robotics have attracted many researchers in control of vibration. Piezoelectric
transducers have been used in most cases for vibration control of robot. Shan et al.[6] investigated
experimentallysingle-link flexible robothaving two PZTactuators. By using PPF and velocity feedback control
reduced vibration of end-effector for single-link flexible robot. Wang [7]studied AV of3-PRR parallel
manipulator which has one flexible link bonded with two PZT actuators.The investigation has been performed
by experimental and as well as theoretical investigation to show the effectiveness of AV. Vliet[8] has introduced
a scheme of damping vibration in big and flexible macro-robot. In this schemeexperiment has been done by
frequency matching on planar macro-robot. To regulate end-effector of flexible link optical sensor has been
applied by Tsoa et al. [9].Optical sensor contains a laser diode and a position measuringsensorto measure real-
time dynamic deflection of flexible link. Model has been purposed which have non-linear and measuring
dynamic system model along with feedback based Lyapunov controller. Sun et al. [10] have investigated a
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Lyapunov approach combined with PD feedback and command controller. Controller controlled the patch of
PZT actuators, fixed with surface of single flexible arm. Wang and Mills [11] have showed that piezoelectric
actuators effectively damp the vibration of the flexible linkages by using the Lagrange finite element
formulation. It has been further applied to have dynamic model for flexible planar linkage. The linkage has two
prismatic and one rotational DOF. An effort has been made by Bandopadhya and Bhattacharya [12] to
effectivelydecrease vibration of a single link planar flexible robot. Propositional controller has been applied on
model along with active material for reduction of vibration of passive layers and further Kalman filter has been
used to estimate state. Active damping control complications of robot for oscillating base have been taken care
by Lin et.al. [13]. The study of two-time scale fuzzy logic controller for vibration stabilizer has been proposed
for multiple link robot to controloscillation in various dimension. Further, PD and fast-subsystem controller has
been used for reducing vibration of oscillating base. Hassan et al. [14] have used model-based predictive
controller (MPC) tooverwhelm unwanted vibration producedin flexible one-link robot by using MIMOsystem
along with piezoceramic actuators. Chu [15]purposed a novel approach for actively reducing vibration of two-
arm flexible robot two sets of piezoelectric actuator/stain gauge sensor.Hillsley and Yurkovich [16] has analysed
through experimentation vibration of the end effector of two-link flexible robot used for point-to-point
movements. Strategy for vibration of high-speed linear robots has been purposed by Chang [17], which used
auxiliary piezoelectric actuator.

I1l.  VIBRATION CONTROL THOUGH MODELING AND SIMULATION

Onsay and Akay [18] have implemented time-optimal open-loop controller to damp out unwanted vibration of
flexible linkused for point-to-point movement by using modal state-space approach. Srivastava and Kundra[19]
presented algorithm to enhance dynamic behavior of a structure by modifying local damped structure and by
modifying stiffness matrix for added structure. The equations of motion have been formulated using the
Lagrange-Euler of the first type for planar parallel manipulator including structural flexibility of several
linkages by Mills [20]. In another study, Khulief [21] has developed an algorithm of FEM of system dynamics
in combination with modal reduction schemes and further applied on a double span beam. Further, an approach
for active damping using a piezoelectric actuator has been described to attenuate structural vibration of the
linkage.Stability and robustness has been achievedwith the help ofcollocated actuator-sensor-pairs.This pairs
have ability of active execution of passive control. The soft computing for modeling and control of dynamic
systems depend on nature of the application. Accordingly, Darus and Tokhi [22] have investigated the same
technique with SISO and SIMOvfor autonomous vehicles control structures. They have further employed it into
modelling and control for damping out vibration of 2D flexible structures. Xing et al. [23] have used interlinked
passive and active vibration isolation system. This system allowstuning of the stiffness and damping with use
ofposition and velocity feedback.

Zuo and Slotine[24] have proposed robust controller for multi-DOF AV isolation, which take care of plant
uncertainty and payload vibration by the use of frequency-shaped sliding control. Modal decomposition has
been applied to rewrite MIMO vibration control problem asgrouping of SISO control problems in modal
coordinates and further a skyhook model has been recasted as frequency-shaped sliding surface. Jnifene[25] has
used position control system scheme to enhance performance of less damped dynamic systems and delayed
position feedback signal for of flexible structure. Detailed analysis of stability of single-link flexible robot has
been performed with time delay control and by choosing appropriate values of time delay for controller gains.
Gorabal et al. [26] have studied the vibration control using friction damper pads. In this work, damping
behaviour of a pneumatic friction damper suspension system has been analysed using lab view through
implementation of finite element analysis modeling. Gonzalez and Madrigal [27] have carried out a steady state
response of passive and active suspension, represented through bond graphs with preferred derivative causality
assignment.Chin and Lau [28] have accentuated the organized modeling of hydrodynamic damping by use of
CFD software ANSYS-CFXTM on complex-shaped remote operated vehicle. Kumar et al. [29] have attempted
active vibration control with PID controller of a beam. Beam has been modeled as Euler-Bernoulli beam
elements on which two Piezoelectric Ceramic Lead ZirconateTitanate patches. Best results have been achieved
by them when patches bonded at the ends. Sharma and Pandey [30] have attempted to optimize the vibration for
residual stresses in ultrasonic supported turning. In this research, interactions between parameters have been
studied thermo-mechanical mechanism, which has beenaccountable in inducing residual stress.

Six axis articulated industrial robots have limited usage for different machining processes due to its low
accuracy. Yun and Li [31], addressed the low frequency vibration (10Hz) by using AVC with MIMO system
and LOR algorithm for hybrid and parallel robots. Vibration in flexible link modeled as Euler-Bernoulli beam
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with PD controller of robot has been taken care by piezoelectric patches as actuators within AVC [32]. Kumar et
al. [33] has controlled vibration of base and end-effector using AVC for single flexible link underwater welding
robot. AVC has also been used by Chu and Cui [34] through Lagrange’s equation for axially translating robot
link which has rotating-prismatic joint. Vibration has been damped by the use of self-sensing actuator along
with AVC. A new closed-loop control schema for cancelling undue vibration in the 2- DOF antenna used in
robot with the algorithms which estimated 3D beam position [35].Kapsalaset al. [36]addressedand designed VC
of flexible metallic arm by using Matlab/Simulink synthetic environment.The closed-loop controller having
feedforward Proportional-Integral (PI) controller has been simulated. Shape Memory Alloys (SMA)has been
used for flexible robot of two rigid and one flexible links by Lima et al. [37]. To control its vibration State
Dependent Ricatti Equations (SDRE) technique has been simulated for its feasible test. The vibrations in heavily
loaded joints of robot arms where focused by Tsetserukou et al. [38] while the end-effector is in
interaction.Pouyaet al. [39] took concern of optimal path planning with reduction in residual vibrationof two—
flexible manipulator. Genetic algorithm and BFGS (Broyden—Fletcher—Goldfarb—Shanno) algorithmshas been
used for optimizing the variable to reduce vibration. Transient vibration of a waist axis of an articulated robot
has been reduced by model-based control system through increasing cut-off frequency and damping ratio at
driven machine part [40]. Abdullahi [41] used fuzzy logic control scheme for damping out unwanted vibration
flexible manipulators with payload using error and its derivative.

IV.CONCLUSIONS

Research from around the world has been involved for vibration control of robot’s. In different types of robot’s
vibration have been controlled, by applying different control strategies and using smart material, accordingly the
review has been done. Piezoelectric has been used by most of the researchers as sensors to detect vibration
frequency and accordingly signal are given to actuator to control vibration. Many researchers have modeled and
control vibration using different control strategies like AVC, model-based controllers, PD, PID, Sliding mode,
etc. In case of robots roll of passive vibration control is limited as it has limitation of addition mass, spring and
damper attachments and further its poor response in fast movement leading to use of AVC in most of work.
Focus of researcher is to control the vibration in end-effector so that error in its motion is minimized. The main
prominence is to provide information about the strategies developed by researchers for the control of vibration
in robot’s
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