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Abstract— This work shows the development of a pneumatic
cylinder fuzzy controller that due to compressibility air
characteristics presents a highly non linear behavior. The
comtrol is carried out considering only the red displacement
relative to the cylinder, who gives the force to move the Mexible
arm. A Fuzzy-PID comparison is also shown. The presented
research is part of a Flexible Manipulitor Robot -with one
degree of freedom and dielectric characteristics- for porcelain
isolator cleaning of high voltage transmission lines. A simplified
Thermo-Mechanical model has been developed for manipulator
control simulation. This paper shows a control proposal
alternative, trough the application of Fuzzy Logic algorithms.

1 INTRODUCTION

'HE pneumatic position conirol is a problem with high

non linearity due to the air compressibility. The idea of
developing a flexible manipulator robot with pneumatic
actuator, comes from the necessity of cleaning the porcelain
isolator on high voltage transmission lines [1], without a
human risk.

As a matter of fact, most of manipulators robots use
electric or hydraulic actuators, however the pneumatic
actuators are being used mn a recent years [2] [3] to control a
flexible manipulator arm. This work 1s a continuation of the
conjunction (?) of flexible manipulators and electro-
pneumatic control

This 1s the beginming of a project which involves the use
of a pneumatic cylinder to control a flexible manipulator
robot Our first approach 1s to use one degree of freedom,
but the main goal is to have a two degree of freedom flexible
mampulator,

Preumatic cylinders are very useful for its clean, economy
and low weight, however, due to air compressibility and
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internal friction, they present a highly non linear behavior
[4]. Because of these conditions, there are certain difficulties
in pneumatics cylinder cantrol design.

Several pneumatic controllers had been developed, for
example, the Model Reference Adaptive Control, MRAC
[5]; however, the pneumatic model used for the control
design, have the next considerations, a lineal actuator, a
lineal valve, without damping systems at the sides, 1deal gas,
adiabatic changes and constant viscous friction.

Other works have been focused in [riction parameter
identification technicues of cylinder pneumatic [6), dynamic
modeling and simulation [7], analytic and experimental
rescarch [8] and the development of robotic hands using
cylinder pneumatics

Flexible manipulators are light, cheap and have a higher
power-weight relation robot, This type of robot can be used
only under two conditions; a) when the robot weight must be
minimized, and b) when the collisions in the work space
needs to be avoided [9] The modeling of flexible
manipulators have been developed almost 35 years ago [10]
[11], where, almost in all cases, they used electric or
hydraulic actuators, and pneumatic cylinders are discouraged
due to therr non linear behavior.

Pneumatic control started in 1968 with Burrows [12], and
recent works are focused mamly with adaptive control
methods [5] [13], some of them use a computer
implement the control [14]. Other researchs are focused on
mechanical system modeling using a pneumatic actuators
[15], from these kind of works, a Flexible Manipulator
Model with pneumatic cylinder -called Thermo-Mechanical
model- was developed, then the mechanical system 1s
mvolved to give the movement for the flexible arm [16]

By other hand [17], electric actuators are used in the
development of flexible manipulators, where the motor
speed is considered for the control mplementation along
with the motor effects and the mechanical structure

In our system we are using a flexible manipulator robot
with a pneumatic actuator, where we consider the damping
systems in both sides and the mechanical dynamics for
control. The full Thermo-Mechanical model [16] 1s used as a
starting pomt, later it is simplified and the results are used
for the control development. One contribution of this work is
the position control of a flexible manipulator using a
pneumatic actuator and a simplified Thermo-Mechanical
model

The integral Thermo-Mechanical model of pneumatc
actuators allows us to predict its behavior, considering the
air compressibility effects, internal friction forces, damping




effects in both extremes of the cylinder, massic flow and
energy conservation; and gives us the instant pressure, that
depends on the rod posiion

From the engneering control pomnt of view, this model let
us predict the variable behavior, involved in the physical
process, and can be used for control purposes.

This paper talks about a Fuzzy Logic simulation to control
the rod displacement of a flexible manipulator arm. It
generates a force used to get an angular movement for the
arm, At this moment, the (lexible behavior of the arm, 1s not
considered

Il THE PNEUMATIC SYSTEM

The complete system 1s showed n figure 1, and we call
the PLANT The output plant is 8, corresponding to the arm
elevation, The arm movement depends of the rod
displacement and the cylinder force generated by the air
pressure and the valve position, according with the figure 2.

The 5/2 electro valve 1s used to control the rod direction,
using two proportional valves, represented by A, and Ay

The system of the figure 2 has a mathematical model, and
1s called Simplified Thermo-Mechanical Model [1]. This
model 1s divided in several intervals as shown in the egs. (1)
to (10)

Fig. 1. Mechanical-Pneumatic system for the flexible manipulator.

The Thermo-Mechanical controller developed previously
[2] includes a PID, discrete PID and a speed change
feedback proposals. In this works a fuzzy control is
proposed, considering the pneumatic system as shown in
Nigure 2

1l

L ,:j 5/2 Electrovalve

U\ +A3

Fig. 2. Pneumatic system for the flexible arm manipulator
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M. Fuzzy CONTROLLER

The Thermo-Mechanical Mode! has the next control "7 B ' s ' i
mputs: the valve effective area air flow, eq. (11).

u=[4,4,4] an

—

where A, A; and A; are the valve area of cylinder side,

rod side, and air return, respectively. However the value of
Ay and A, are the same

s o o

A. The Fuzzy Controller Proposal

Figure 3 shows the control block diagram used for the
pneumalic actuator system, taking the © angle as the
mechanical system output

Fig. 2. Position Controller of manipulator arm with pneumatic actuator

Equation (12), shows the error equation, the eqs. (13) and
(14) shows the proportional valve open level, obtained with
a fuzzy logic method, where B, is the reference and 8 is the
actual position of the amm

e=0, -6 (12)
[.-‘1,..11,]: S zzy(6,,06.e) (13)
4, =4 (14) ®)
Fig. 3 Memberships for ERROR mput. (8) The external part. (b) The
fi mternal interval
Next, the fuzzy rules used to solve the problem,

B. The Fuzzy rules

Before the rule settings, both inputs and outputs variables
were specified, and are showed in table 1

TABLE]
_FUZZY RULES, INPUTS AND QUTPUS

[ Input Output
| T
Reference, 0, | Valve 1, A,
Angle, 8 Valve 2, Ay
| Emror, e

The membership functions used in the fuzzy process are
showed in figures 3 to 7. The used membership functions for L 1 (I R
the input variables, called reference and angle are the same,

and the membership functions for the output variables called Fig. 4. Memberships for REFERENCE input
valve open A, and A,, are the same




Fig 5 Memberships for ANGLE input

Reference Memberships for A1

0 001 002 NO3 004 006 Q06 OO Q06 009
ANGLE
Fig. 7 Memberships for the valve 2

These membership functions are used to control the
pneumatic actuator on the manipulator system. Next, the
fuzzy rules are used to control the plant

C. Fuzzy Rules

In the fuzzy process, the control needs 26 rules, and those
rules are distributed depending of the interval of each
variable, as can be seen on tables 2, 3 and 4. The triangular
membership function is used in this process. Tables 2, 3, and
4 show the triangular memberships break points used for the
input and output variables. Table 5 shows the rules used o
control the pneumatic actuator behavior, which is
responsible of getting a desired arm position

The values for A, and A, are normalized, that is, a value
of 1.0 represents a 100% open valve (completely open), a
0.5 represents a 50% open valve and 0% means the valve is
completely closed

TABLET
BREAE POINTS OF TRIANUCAULAR MEMBERSEIPS USED FOR REFERENCE AND
ANGLE INPUTS VARIABLES

Interval of Reference and Angle: -80° < 8, < 80° |

| Membership Triangular break points
LOW [-144 -80 -20] |
HALF [-64064]
Up [16 80 144] ]
TABLETI

BREAR POINTS OF TRIANGULAR MEMBERSHIPS USED FOR ERROR INPUT
VARIABLES.

Interval of Error: -80° < 8, < 30"

Membership Triangular break points
UP [-144 -80-16]
NEG2 [20-10-2) !
NEGI [-3-1-04) |
ZERO [(0.5005] ,
| POSI [0413] |
POS2 [21020]
| DOWN [16 80 144]
TABLEIV

BREAR POINTS OF TRIANOULAR MEMBERSHIPS USED FOR A) AND Ay INPUT
VARIABLES

Interval of Ay and A;: 00<6,<0.1

Membership Tnangular break points
ZERO [-0.01 0.000 0. 010] |
FEW [ 0.000.0100.015]

HALF [ 0.010.0500075] |
ALL [ 0.05 0.075 0.100]

The fuzzy rules are organized in a table to easy the
review. The inputs and outputs variables are in different
columns, and the relationship between each input and output
was done by & simulation, using Matlab and its fuzzy logic
toolbox. In this proposal, a fuzzy algorithm is implemented
in simple way The results are compared with a combination
of fuzzy and PID control, called Fuzzy-PID.




less than one second, in simulation way, the maximum value

TABLEV for the valves was established in 10%,
SRTOREY nmrﬁpuan_:r:mmcomm?‘mr_@‘ o This result was compared with a Fuzzy-PID algorithm
i control, to establish the difference between both controls
Reference Angle . Brror Ay Ay The figure 12 shows the result of comparison
LOW LOW NEG2 | FEW FEW
LOW LOW | NEGI | FEW ZERO A W A AT
LOW LOW ZERO | ZERO ZEROQ e
| LOW LOW | ZERO | ZERO ZERO ®
| LOW LOW |[POSI | FEW ZERO :\
[ LOW LOW | POS2 | FEW FEW @
[Low HALF | DOWN | HALF | FEW -
LOW UP | DOWN ALL HALF Ca
HALF LOW | UP HALF FEW 2 ':
HALF HALF up FEW FEW 0
HALF HALF NEG2 FEW FEW :
HALF | HALF NEG1 FEW ZERO 0
HALF | HALF _|ZERO | ZERO | ZERO :
HALF | HALF POSI1 FEW FEW £
HALF | HALF POS2 FEW FEW T m ® w o® ® m™ w W
HALF HALF | DOWN HALF FEW BRI
HALF UP DOWN | HALF HALF Fig. 9. Flexible arm angle behuvior using a fuzzy control.
UP UP up | FEW FEW
[UP___[UP NEGI | FEW | ZERO 7 =Y ... e i -
[up UP NEG2 | FEW FEW
UP up | ZERO | ZERO ZERO o ]
| UP UP | POSI FEW ZERO |
upP UP POS2 | FEW FEW |
Up HALF up | HALF HALF - Haeet 1
[ UP LOW Up | HALF | HALF
P |
The behavior obtained is compared with a PID control, |
where the parameters values for K, K and K are
determinate by a fuzzy logic process, called Fuzzy-PID, as “-TI L‘ 1
shows in figure 8.
%% m B W ® W ™M W @

AV

=y
e

Fig. 8 Fuzzy-PID algorithm
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IV. RESULTS
To test the behavior of the system, a set points vector was
used, as shows the eq. (15).
8, = {61.12,-72,25,79} (15)
Figure 9 shows the fuzzy control results. Figures 10 and
11 are showing the valves behavior. The values for open

valve are small, due to the air pressure, if the valve open are
high, the actuator goes up too fast and arrive to the top in

tirre [g]
Fig. 10, Valve A, behavior

Open valve percent A2
0088 3
Qo) |
amel 4

"l

1L

W 2 2 4 & @ TV 0 0 10
tme [5]

Fig. 11. Valve A; behavior




Flaxible Manipulator Arm Angle

Fig. 12. A compuarison between fuzzy control and fuzzy-PID control
behaviar

V. CONCLUSIONS

The pneumatic actuator is used to generate a flexible
manipulator arm displacement in radial way, To control the
air {low through the cylinder, a fuzzy logic algonthm was
mplemented.

This works present a Fuzzy Logic control, where a
pneumalic actuator must be controlled The pneumatic
cylinder has 1o generate the force to move the flexible arm
We are working only with pneumatic part, the flexible
hehavior 1s part of future work.

The Fuzzy control works only with the percent of valve
opert, 1o limit the air flow from the compressor trough the
cylinder chambers. The values for A, and A, are the same,
but different for A; Actually A; must be small than A, to
get a better system response. In this case, we can see that a
single Fuzzy Logic control 1s not enough to get a soft
behavior of the system, and a PID algorithm must be used

As future work, 13 considering the use of reference frame,
neuronal networks and maybe a combmation of those
controllers.
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