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Abstract

The Research article includes Model Torque Responses for flexibility of sin
manipulators using Linearization Technique named as a LCQ. Manlpulators are i
one type robotic arms commonly used in the industry .Here the controller chnique
used for controlling manipulator was Linear Quadratic Cogroller eraIIy the

robotic arms are non-linear in nature. In order to contro on-lin f manipulator
and angular displacement, state space technique is u top ogy ®Xplains dynamic
characteristics occurring in abnormal working co rque «esp s are modified by
using Linear Quadratic Controller Design Techniq e demw d approach in state
space control strategy. The dynamic torque res es of sing anipulator in abnormal
condition and also using LCQ Technique ar by M- &ontrolling block of Simulink
Library in Mat Lab Control tool box. E@

Keywords: Single Link Manlpul%aear d@ ic Controller Design, Linearization

Technique, State Space Techni

1. Introduction

The robot technolQg es rapi ysa\ﬂ it becomes most in advance one. The industry is
moving from the cu\\a ate of tion to robotic technology, to increase reliability and
to produce unifor, ity. S. 1998) and D. Karandikar (2000) et al. suggests that
Robots like lators now commonly employed in every environment to avoid
instrument 0SS er aQﬂobots are being employed to construct and repair space
technology and related ents [1, 3].

A Manipulator: ine that has functions similar to human upper limbs, and moves the
objects spatially. ustin (1994) et al. states generally, a manipulator means it is type of
robot arm or robotic hand tool equipment. Every robot may possess some manipulators for
flexible opeﬁﬁps. Large weight manipulator introduces limitations in terms of speed, energy
consump d mobility [2]. S. Pal (1998) and Jeffery H. Yakey (2001) et al. describes a
suitab oach to overcoming these disadvantages is to design flexible manipulators in
rebati¢ applications [1, 5]. B. Subudhi (2000) and Ming-Tzu Ho (2005) et al. states Robotic
m lators are widely used for help in dangerous, authentic and highly intricate
applications due to their robust performance. The present manipulators are designed and built
in a manner to get maximum stiffness an attempt to minimize the end effectors to get good
running performance and linear torque responses. The high stiffness is achieved by using
good performed material and bulky design. Hence the existing manipulators are practically
inefficient in terms of power consumption and their operating load conditions [7, 9]. Recent
robotic technology initiates and design with respect to three parameters as follows

1. Power consumption should be less.
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2. Statistical approach should apt for manipulator.

3. Torque performance should be smooth in order to maintain reliable and flexible
operation.

4. Speed should be continuous with proper operating torque and pay —load conditions.

The operation of highly accurate and précised robotic manipulators are severally limited by
their changed dynamic tip deflections which results a certain time period with specified
complications. Book W. J. (2003) et al. describes the complication requirement with high
speed and high accuracy has rendered the robotic assembly task, a challenging aspect in
present research technology. Compared to conventional heavy and bulky robot manipulators,
flexible link manipulators have added the advantage of lower cost lager extension of work
volume, high operating torque, grater pay load to manipulator weigh ration, small
lower energy consumption and better performance, movable too [11, 4]. D%& ore
importance and usefulness of robot manipulators, the investigation has start trol of
flexible manipulator through controlling their tip vibrations al dynaml nce using
some controllers like PID, MPID, pole placement, etc. B 'k'% J. (1 al. using the
vibration signal, i.e., from the motion of flexible I|nk
methods used in controlling for tip vibration and m
was used for eliminating non-linear tip vibrations a q
linear one [10]. Dibakar Bandopadhya (2007,
orientation, the controlling of flexible Imk
controlled by measuring position Using L
be chosen for linearization in manrpula

ors ong¥of the important

he proposed LQC

ue res at end position into a

. State arried out experimental

i ulators @ position of end point was

chniqu@z nite number of iterations must
rques at far end [8].

2. Flexible Manipulators

Flexible manipulators possess a’lot o ges over their traditional rigid link counter
parts, like less weight, les er mpuﬁ%Y er speed response and less energy consumption
etc. But flexible mani ireyacctracy in end position of the manipulator and they

require\a
need to control the“i flecti e manipulator. Since a flexible link has an infinite
number of mode ration, i ssible to control all these modes similarly, therefore
the iterative @ r feedback control to get good angular position and rectified
or damped vi n of th@ulator.

2.1 Dynamic Modeli
The Dynamic Ypotleling of the manipulator is done by taking the link parameters form the

model obje%
Lengt 0.5m
) =25mm.
%kness (T) = 2mm.

Mass density /unit volume ( p, ) =7800kg/m°

Youngs modulus (E)=210*(10"9)N/m?.
Tip mass load (m,)=100gm/200gm.
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By using the values of beam parameters the mass matrix (M) and the stiffness matrix (K)
are found. The values of elements of matrix M and K are found by using the M-file program

The co-ordinates of the point p1 on the beam at a distance of x from the origin

pxl =xCos#-wCos 8. Q)
pylszin 6 +wCos @ . (2

Position vector of a point P* js given by
. Ip 1 XC0S & —wcosé
P = = i (3)
pyl Xsin @+ wcos

Velocity vector of point P is represented by * %
_ | —xsin 60 — wcos 66 —sin Ay OQ \>/
P* | xcos 66 — wsin 66 + cos & Q N
2.2 Kinetic energy of the flexible link 6\
Dynamic modeling of the m l@ is done b&xng the link parameters as shown.
Length (L) = 0.5m, & \Q)
Width (B) =25mm, % ‘Q

Thickness (T) = 2mm.

Tip load (m,) =1@00gm.®
Mass densitnit voI@@b) =7800kg/m®,

Youngs modulus (E @*(10"9) N/m?.
Finally the mas IX (M) and stiffness matrices are found for first two modes as shown

below.
0.016 t 51 0.0092 0 0 0

=l o 0.1950 0.0000 [and K1=| o 346.0621 -0.2070
0.0000 0.1950 0 -02070 13593

The proposed state space variables and described state space model is given by

X (1) = Theta X(4) = Theta_dot
x(2)=ql x (5) =gl _dot
x(3)=92 X (6) = g2_dot
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The proposed technique was designed in M-File for LQC and the gain matrix elements are
feedback with state variables.

3. Linear Quadratic Controller (LQC) Design

Generally, the dynamical aspects of robots are in non-linear in nature. This technique helps
to convert the non-linear State space parameters in to linear mode output parameters. For the
application of this linmod we have to made a SIMULINK subsystem by giving one input port
and two output ports as shown below and also by giving the name m_for linmod .After that
we are calling this in M-file. For that we are using the linmod command in command file.

3.1 Linearization of State Space Model

7

Scope?

Maf\displaceme

il

. %eﬂecﬂon

Figure 1. Open Loop Respolise of t(%pace Model

SIMULINK provides the linmod and Ig funcs@o extract linear models in the form of
states space matrices A, B, W following ®iagram shows the Model for M-File for
ink.

Single link manipulator in si .
N

- I—D s_flexible

Step

S-Function

-Function
O W& o
6 Qut2
&ure 2. Model of m_for Linmod in Simulink

3.2 M-file ergra for linearization
Clc
[

A ,@Qﬁnmod ('m_for linmod", [0 0 0 0])

@9 the above four zeros are known as initial state vectors. By executing this M-file
program we will get the liberalized A, B, C, D matrices in command window.

3.3. Concept of Controllability and Observability
The composite matrix
Q.= [B: AB: A’B: A°B: A'B: A°B] (5)
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By running the command Q.= ctrb (A, B) we will get the Q. matrix as follows.

Qc-1.0e+014*

0

0

0
0.00
-00
1-0.00

0
-00
-00

0

0

0

0
0
0
-00
0
0

-0.00
0.00
0.00

0
0
0

0
0
0
2.3064
-0.6559
-0.1471

2.3064 |

-0.6559
-0.1471
0
0
0

(6)

The rank of matrix Q. is 6 by executing the command rank (Q.) in command Wlndws

indicates the system is controllable.

The Composite matrix

QO_ [CT ATCT (AT) CT (AT) CT (AT) CT (

By executing Q0 = obsv (A, C) in command win
given as 6, this means the system is observable.

3.3 M-file for State Space Model

0

Function [sys, X0, str, ts] =s_flexible6 (t, X\\@g)

X (1) = Theta

g

X(@2)=ql
X(3)=0a2
X (4) = Theta_dot
X (5) =ql_dot
X (6) =q2_dot

A

Inputs: t

"N o

2
)
&

X

\'%

o)y secse %
- Manipulator state

s&@

flag = O - jnitlaliZe the state vector
flag = ulate the state derivatives
f - calculate outputs

Outputs: sys - a generic return argument whose values depend

On the flag value.
X0 - the initial state values. X0 is igno
When flag = 0.

str - argument reserved for future use.

Copyright © 2014 SERSC
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Wl get Qo e rank (Qo) is

- Control var@
flag - an integer value that indicates the task to be performed by the S-function:
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ts - atwo column matrix containing the sample times
and offsets of the blocks. For continuous time
Systems ts = [0 0].

X (1) = Theta

X (2)=ql

X (3)=02

X (4) = Theta_dot

X (5) =qgl_dot

X (6) = g2_dot \/
Switch flag. Cov
Case 0 * .
Initialization Q\

Call function: simsizes to create the sizes structure. O \\/

Sizes = simsizes;
Load the sizes structure with the initializatio mation.

sizes.NumContStates = 6; %\ .%@

sizes.NumDiscStates = 0;

sizes.NumOutputs = 7; AQ 0\6
sizes.NumInputs =1, Q
sizes.DirFeedthrough @ \

=1; @

ith the@es ihformation.

sizes.NumSample

es=(Sizes);
Initialize the state v c@
X0=[00000 &
str is an en?p%matrix.
str=[ O
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4. Control Block for Single Link Manipulator Using Linear Quadratic
Controller (LQR)

—.@ theta mode 1
control torque :
! mode 2

e |
> —>| s_flexibleBforT ops theta_dot
L =
> S-Function N =]

—»
ode

a

=[]

i
Py 3

M
i/

A
A
Figure 3. LQR controller de&g@}g Manipulator in Simulink

5. Results and Discursions @ s\\

The following shows res r the per nce of Single link manipulator dynamic
characteristics and MOdIf Torque, %gs e by using LCQ Technique. Here, the
manipulator in abnormal |on whi ws non-linear and dynamic characteristics. But

through applying t o sed techRique, performance of manipulator torque responses
becomes linear and pe i

n e Dyttt Totque Sugead

(a) (b)

Figure 4. Model Torque Responses of Single Link Manipulator (a) Dynamic
Response in no-linear condition (b) Response obtained through LQC
Technique
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I. Figure 4(a) shows dynamic response of single link manipulator in non-linear
condition .Here on x-axis, torque and y-axis, time in sec are represented. In utmost
cases, the performance of single link manipulator in abnormal conditions was non-
linear. So, torque obtained by manipulator is also low. The response is under damped
and the performance was very poor.

ii. From Figure 4(b), obtained response through LQC Technique. The performance
shown by the single link manipulator is much better. Here the non-linear dynamic
characteristics are compensated and modified in number of iterations using state
space approach. This approach helps to convert non-linear characteristics into linear
using LQC Technique.

6. Conclusions ¢

by using state space approach and simulated. Initially, the performancel o#gingle link
manipulator in dynamic non-linear torque condition was Shown. ing Linear
Quadratic Controller Design Technique, the non-linear tvg*e arters ti€s ate replaced by
linear one. The entire topology explains flexibility.,i vement\ﬂ‘Ynanipulator using
proposed technique. This technique helps to keep th ipulat W er condition as well
as efficient. The advance topology for this technique“s?by incrceg'w number of iteration of
state space approach in less number of time int S achiev@od performance in working
of single link manipulators. Hence the ,ov topology investigated, designed and
simulated. The simulation is executed Wi%k fc% lock of MATLB/SIMULINK.

In this paper, the model of Linear Quadratic Controller Design Techniqu% olled

&
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