CAD/CAM, Robotics

and

Factories of the Future

Proceedings of the l4th International Conference

November 30. December 1-3. 1998

(Jrganised by
Department of Mechanical and Production Engincering
PSG College of Technology. Coimbatore. India

Sponsered by
{nternational Society for Produclivity Enbapcement, USA

Editors

P. Radhakrishnan
R. Srivatsavan
P.V. Mohanram
R. Radharamanan

00

Narosa Publishing House
New Delhi Madras  Bombay  Calcutta
London




Ao
EbITORS

P. Radhakrishnan, R. Srivatsavan,

P.V. Mohanram and R. Radharamanan
PSG College of Technology

Post Box No. 1611, Peclamedu
Coimbatore 641 004, INDIA

Copyright © 1999 Narosa Publishing House

NAROSA PUBLISHING HOUSE

6 Community Centre, Panchsbeel Park, New Delhi 110 017

22 Daryaganj. Prakash Deep, Delhi Medical Association Road. New Delhi 110 002
35-36 Greams Road. Thousand Lights, Madras 600 006

306 Shiv Centre, D.B.C. Sector 17, KU, Bazar P.O)., New Mumbai 400 705
2F-2G Shivam Chmnbers, 53 Syed Amir Ali Avenue, Caleutta 700 019

3 Henrictta Street. Covent Garden, London WC215 8111, UK

All rights reserved. No part of this publication may be reproduced, stored in a retrieval
system or transmitted in any form or by any means. electronic, mechanical. photocopying.
recording or otherwise, without the prior permission of the publisher.

All export rights for this book vest exclusively with Narosa Publishing House.
Unauthorised export is a violation of Copyright Law and is subject to legal action.

This book has been printed from the Camera Ready text provided by the authorsfeditors.

ISBN 81-7319-284-7

Published by N.K. Mchra for Narosa Publishing House, 6 Community Centre,
Panchshecl Park, New Delhi 110 017 and printed at Replika Press Pyt Lid.
Dethi 110 040 (India).




X

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

Contents

Identification of a Hydraulic Robot Manipulator
Sadeltin Kapucu, Sedat Baysec

Tolerance Limited Turning in Lathes using Neural Network Technique
Vinay Kumar, Rajiv Verma

Obstacle Avoidance and Path-Planning for Mobile Robots in Under-Water Applications
Sarbari Dalta, Goutam Dutta

A Flexible Three-Fingered Robotic Hand
Ramaiah P S, Prasada Raju D R, Satyanarayana B

Multiaxis Force/Torque Acquisition and Control for Assembly Automation using Robot
Charniya NN, Jumle PN :

Mapping the Carlesian Space without Solving Inverse Kinematics
Sumanta Chakraborty, Nandi G

Lyapunov Recursive Design-Based Robust Adaptive Controlter for Robot Manipulators
Chiharu Ishii, Tielong Shen,

Routing flexibility in designing FMS control software using OO design patterns
Vijayaraghavan L, Janaki Ram D, Narasimha Reddy K

COMPUTER APPLICATIONS IN MANUFACTURING (Code : CA)

H-Shape Rolling : Numerical Method for Profile Generation and
Finite Element Analysis of Profiles
Dinesh P, Balakrishna H K, Reddy G C, Gargesa G, Lakshminarayana H V

A Genetic Approach for Nesting of Two Dimensional Complex Shaped Parts
Ramesh Babu A, Ramesh Babu N

Finite Element Modeling of In-Plane Forming Limit Strains Under
Changing Work Hardening Behaviour
Vilas N Nandedkar, Narasimhan K

Automation for Optimum Sheet Cutting
Gajendra R Bamnote, Shrikant L Satarkar, Chandrakant R Patil

Development of an analytical model and FEM analysis in prediction
of angular distortion in welding

Jayaraman N, Suresh S, Srivatsavan R

Ultraprecisional Turning, Tendency of its Further Development

Otto Szabo
SENSORS & CONTROL {Code : SC)

Method for Development of a Control Algorithm for Discrete Automatic
Systems with Structural Boolean Variables
Stanislav Tairov

An Experimental Study of Electrorheological Valve Pressure drop Characteristic
E Ramazan TOPCU, Sadettin KAPUCU

323

329

342

347

365

- 372

380

387

- 395

402

408

414

420

427



Identification of a Hydraulic Manipulator

Sadettin Kapucu and Sedat Baysec
University of Gaziantep, Mechanical Engineering Department. 27310 Gaziantep-TURKEY

ABSTRACT

General purpose controtlers or controllers commanding systems which operate at varying conditions need a
system identification routine which is applied to yield a response model of the system and adapt itsclf
accordingly. This paper describes the application of the least squares identification technique to identify
the response of a hydraulic robot manipulator. The hydraulic servo system is assumed as a sccond order lincar
system and modelled by the second order linear difference equation. Constant coeflicients of the difference
equation are obtained by the application of the least squares technique 1o minimise the crror between the
discrete position data resulting when actuated by a pseudo-random binary command signal and what the
model generates. Manipulator and model responses to a given trajectory following task arc presented.

INTRODUCTION

Mathematical model of a system can be determined on the basis of physical laws by Lagrange. Hamilton and
Newton-Euler formulations or by encrgy methods. However. it can be difficult o determine some parameters
such as masscs, inertias. dimensions, ctc. without stopping and dismantling the system. An alternative
approach is then 1o assume a simpler model in which parameters are determined by probing the system with
a certain input command profile and relating the response and the command to obtain good [it between the
input and output data. The electrohydraulic servo system have found a large field of application in industrial
robotics because of distinct advantages like high power-lo-weight ratio, high system stiffniess and good
repeatability. Exact differential equations of motion of robot systems are highly complicated. On the other
hand modeling of hydraulic servo drive systems could be quite complex and difficult to simulate {1.7]. Exact
differential equations of motion defining the manipulator and the control circuits have acccleration. velocity
and position dependent terms, which can be assumed constant in all engineering purposes. and hence can be
modeled by the difference equation identification technique. The aim in the gross motion control of a
manipulator is to make the end effector follow a specified trajectory. A time series model in form of
difference equations is convenient in applying estimation schemes such as the least squares algorithm and
calculate the constant coefficients of the empirical model.

In this paper, model identification techniques are applied to a manipulator where cach joint is driven by
hydraulic actuators controlled by electrohydraulic servo valves, to show the applicability of the least square
identification method to gencrate a model for it. Only 2 degrees of freedom. one revolute and onc prismatic
are considered which form a dyad working in the vertical plane, where effect of gravity is constantly present
to produce steady state errors.

REPRESENTATION OF A DYNAMIC SYSTEM BY THE LINEAR DIFFERENCE EQUATION

Response y(k) of a linear second order system commanded by a single input u(k) is characterized by the
general n'th order difference equation as:
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where k is an integer index counting the discrete time steps and n is the order of the difference cquation.
k is the independent variable, and @, and b, arc constant coefficients. Normally the order of the equation

should be kept as high as possible to increasc ils sensivity.
MODEL IDENTIFICATION BY LEAST SQUARES

A linear system can be modeled by difference equations. transfer functions and variable state cquations
which are useful in modern control [5.6,9]. The system can be described by an n'th order difference
equation of constant coefficients as in equation (1). Defining the input-output vector x{k). having 2n+]

elements as: -

x(k) = [-y(k = D......~v(k —n)u(k)........ utk —m)” Q)
and the vector 0, containing the system paramcters totaling to 217 +1 clements as:
0=la,,a,....... a,.bo.by........ b, (3)
then the least square cquation becomes:

y(k) =x" (k)0 +e(k) 4)

where e(k) is a vector of errors which is to be minimized. Normally. to find the elements of vector 0. 27 +1
experimental readings of input and output are rcquired. Numerical values obtained in this way may not
provide a good correlation of input and output throughout the whole range of opcration. N many
measurements can be recorded where N is an integer much greater than 2n+ 1, and obtain 0 by the least
squares estimation. Parameter 0 then can be estimated as :

Oest = (XXT)ilXT.V ) (5)
Application to a hydraulic servo system

Hydraulic servo systems have a large field of application in robotics as they provide large amounts of power
with simplicity in control. Hydraulic phenomena is difficult to model and simulate. In most applications
empirical equations are used instead of exact equations of flow [1}. Dynamics of the servo-valve itsell is of
4'th order or more [7]. On the other hand. Their repeatability is extremely good. Once a conforming
mathematical model is sct, it can be used to model the system eflectively in a broad range of opcrating
conditions. Although a realistic modcl of a hydraulic servo could be quite complicated. it will have mass and
inertia dependent. velocity and displacement dependent components. Force components like that of viscous
damping, the proportional and derivative components of the controlled actuation force arc of this tyvpe.
Higher order terms are generally negligible, hence assuming such a system to be of second order and lincar
has firm grounds of justification. With this assumption a hydraulic servo system can be cffectively identificd
by the lcast square method.

Identification test on a single degrec of freedom system

To show the applicability of the least square identification method to generate a model for a single degree of
freedom hydraulic scrvo system. the input sequence {u(k)} in form of a Pscudo-Random Binary Signal
(PRBS) of amplitude | volt and discrete time interval arbitrarily T= 0.45 seconds is applied to the
horizontally oricnted prismatic axis of a hydraulic heavy duty robot. a picture of which is seen in Figure 1.
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while the other degrees are constrained. 127 successive command steps of random polarity arc given and
position responses are recorded at the end of each time interval T .

Fig.1 RRP Configuration hydraulic manipulator. This topology, due to its robustness, is widely used in the design of
heavy duty manipulators.

At the end of identification. a second order model in the following form
Wk) = —a vk = 1) —a,y(k = 2) +byu(k) + hu(k - 1) + hyu(k —2) (6)

is sought for. To find the five unknown coefficicnts. a minimum of five equations arc required which nceds
to be simulation easily solved. A greater number will enable a better fit with the least squarc method. T and
total number of successive steps can be changed arbitrarily provided that no aliasing problems occur and the
coefficients calculated will be theoretically be the same. In [3] a working program which digitally produces
the PRBS excitation is given. The parameter set for the hydraulic system under consideration is estimated at
the end of least squares fitting as:

I =[~0.7305,00979, 00028, ~08193.04302|” N

and the corresponding difference cquation modcl comes up as:

V(k) = 0.7305v(k — 1) = 0.09T9u(k — 2) +0.00281(k) — 08193u(k — 1) + 04302u(k - 2) (8)

The hydraulic servo system under consideration is actuated by a scrvo valve with proportional position
control. Amplifier gain is arbitrarily set to a moderate value (o provide a smooth operation. The recorded
response of the scrvo to PRBS and the profile of equation (8) to the same signal are plotted together in Fig.2.
The fit of the curves is satisfactory for all practical purposes, and hence it can be concluded that equation (8)
can be used to mode! the response of the servo under consideration. To show the applicability of the model to
a curve following problem, commands to follow a curve are given both to the hydraulic servo and the model
of equation (8). The result shown in Fig. 2 also indicate that this method provides a good and consistent
dynamic responsc model.
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Response of the Hydraulic System
I Difference Equation Model (8)
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Fig. 2 Recorded response of the hydra#lic servo system to a PRBS and that of the difference equation
model defined by equation (8).
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Fig. 3 System and model responses to a curve following task.
Identification test on a two degrees of freedom system
To generate the two joint model coefficients for the manipulator under cousiderz'ltion. with the assumption

of independent joint dynamics, a Single-Input, Single-Output (SISO) model is used for each joint 7 .
i=12. A linear difference time series model can be set as:

v (k) = a,v; (k= D) +a;,v; (k =2) +bygu, (k) +b,yu; (k = 1) +b,u(k = 2) )

The input sequences { u, (k) .u, (k) } in the form of a PRBS [3] of amplitude + 0.5 Volts and discrete time

interval T=0.5 second are applied to the revolute and prismatic degrees of frccdom. Firstly, input
sequence u, (k) is applied to the manipulator revolute joint servo, elevation angle denoted as 05 and the

estimated parameter set is obtained as:

0, o =[-091861.0.189189,0.00856.0.65686.~0.391934] (10)

Secondly, the input scquence u, (k) is applied to the manipulator prismatic joint servo denoted as L.
yielding the estimated parameter set as:
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L . =1-0.621336, 0.052292. 0.022577. 0.866682. —0.459428] (i

Corresponding difference equation models in terms of the joint variables come up as:

y,(i) = 091861y, (i ~ 1)~ 0189189y, (i - 2)

+0.00856 Lury (7) +0.656861, (i — 1) — 0.391934u, (i = 2)
v, () = 0621336y, (i — 1)~ 005229y, (i -2) 12
+0.02257u, (i) +0.86668u, (i — 1) —0459428u, (i —2)

To test the model, revolute and prismatic degrees of the manipulator are actuated to trace a circle of radius
50 cm, center at coordinates X =90 cm. Y =-10 cm with respect to a right handed cartesian frame with Y
axis vertically up and origin at the point of intcrsection of the revolute and prismatic axes. Similarly. same
inputs to trace the circle is introduced to the model of equation (12) and response of the manipulator and the
model equations are plotted in Fig.4 which shows a good fit.

20

-40 v IV' T T ¥ v ¥ v 4 N
60 70 80 90 100 110 120

X,cm

Fig.4 Recorded response of manipulator (----—- ) and response of difference equation (......... ) to the input trajectory
(- } . Responses of the manipulator and the model defined by equation 12 to trace a circular track. Degrees of
freedom are assumed decoupled. As actuators are powerful and control system still, coupling cllects are minimal.

CONCLUSIONS

The profile of motion in tracing the trajectories of Fig.3 and Fig.4 are quite slow. variation of command
signals well bevond resonant frequencies, where the system is expected to behave well normally. At higher
operation speeds. dynamic effects become more predominant and machine starts lagging the commands and
distort the expected motion. To see how the models respond to faster motions. frequency responsc (ests were
carried out [4]. The models respond very well to changing frequencies. in accordance to the real system up
to the first resonance point. For higher frequencies, discrete time interval becomes unable to provide a
continuous profile and problems of aliasing emerge. As machines are required to operate with their DC
bandwidths, the difference cquation models can cffectively describe a realistic responsc of the system they
model within their DC bandwidth.

Least square system identification technique is simple, and computation time required is practically nil. Ina
general purpose control software, this method can effectively be used for system identification. The work
presented in this paper is a part of a general purpose manipulator independent robot control software to
identify the characteristics of any possible manipulator connected. '
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