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A Fuzzy Logic Solution for Feed Drive Control

Ferit Idrizi, Jorgaq Kacani,

Abstract— Because of high speed conditions of work and nonlinearities during machining the feed drive mechanism of vertical milling
machine it becomes a very dificult model to be designed and controlled. In this paper we try to find a fast solution to overcome these
problems and it is an attempt of finding alternative easiestways of successful fuzzy logic control imple mentation. We propose an approach
that offers some stability characteristics and very good computational performances efficiency. The controller gives fast loop response
stability, reducing the steady state error, increasing the rising time and decreasing the settling time.
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1 INTRODUCTION

Usually today’s CNC machine tools have high speed
spindle motors and high-power servomotors with
high-lead ball-screws. [1] During high speed and high
accelerations work conditions, the main issue is vibration,
respectively machining accuracy losses in term of path
tracking errors, positioning errors, wavy and spoiled
surfaces of the parts, etc Generally these feed drives are
designed using a rotary servomotor and a ballscrew. The
most common motors used in the feed drive are dc motors
since they allow a wide range of operating speed with a
sufficiently large torque delivery required by machine
tools. This torque produced by the motor is spent in
acceleration of inertia reflected in the motor shaft,
overcoming the friction in the motor contact surfaces,
friction in the mechanical part of feed drive as guideways,
bearings and resisting against feed cutting forces.[2] But
when a high speed command is given, that causes problems
with controlling the relative movement between work
piece and the tool because of vibration and inertia in the
mechanical system. To overcome all these nonlinearities
and difficulties during the system control, over the years
have been used various PID based controllers, in order to
improve the dynamic characteristic of the feed drive control
loop. By fuzzy logic we can model imprecise concepts and
by different weights of defining conjunction and
disjunction and fuzzy set negation, we can manage
different nature of nonlinearity behaviors of the system.

Optimization is achieved by setting the dynamic range
of the fuzzy sets according to tuning process results on
MatLab. Considerable improvements are shown on the
output response of the system by reducing overshoot,
rising and settling time.

Simulated results made by using MATLAB/
SIMULING shows the relevant effectiveness of its
applications by errors comparison between conventional
and applied controller.
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2 THE MODEL

The feed drive mechanisms of a three-axis vertical milling
machine consist of a DC motor and a lead-screw with
recirculating balls. The DC servomotor which is directly
connected to lead-screw shaft drives the table and work
piece. [3] The motor, for a short period of time, have to
deliver a high dynamic torque to accelerate the lead-screw
assembly and the table with work-piece, which means a
high peak torque delivery at the start, until the drive
reaches the desired steady state speed, and a sufficiently
high continuous torque delivery range to overcome the
friction in the sideways and feed drive bearings and also
the cutting force. [3]
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Fig.1.Tw o-mass system of feed drive (xl-load position
and xd-detector position) [4]

This is a typical mechatronic system and can be
divided into three parts: mechanical structure, drive
mechanism and control system. For this servomechanism,
the transfer functions of the individual system components
are usually known or have to be calculated. The electrical
part, it is presented by a transfer function (1) according to
[3] and, gives a actuator force to the second part which is
the model of mechanical system and which is simplified to
a two-mass system with a spring and a damper element as
shownin fig1. [4]
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Fr (t) = num/ den; num = 2, den =52 4125 +24 M)

For simulations purposes, the dynamic characteristics
of the mechanical components of feed drive of are
calculated based on the laws of physics and are modeled
using higher mathematics. The MatLab implementation is
made by a program of S-function.

3 PID CONTROL

Firstly, the control of the system is simulated by a basic
conventional PID controller which contains the
proportional gain with scaling factor Kp, the Integral gain
scaling factor Ki and the Derivative scaling factor Kd. The
proportional, the integral and the derivative terms are
summed to calculate the output of the PID controller.
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Fig.2. Response from PID control

Looking for the optimum values for the desired control
response we have to tune the control closed loop by
adjusting of its control parameters (gain/proportional
band, integral gain/reset, derivative gain/rate). Generally,
stability of response is required and the mechanism must
not oscillate for any combination of process conditions and
set-points. The most effective methods generally involve
the development of the model and choose P, I, and D based
on the dynamic model parameters. Common performance
criteria include the elements of step response of the system
such as: overshoot, rise time, settling time and decay ratio.
Even it can be relatively inefficient, initially has been used
the manual tuning method. A large value of Kp is chosen
and the two others Ki and Kd are set to be zero, then
gradually Kp is minimized near to set-point in order to give
best response. Ki and Kd are increased in order to reduce
steady state error by Ki and reduce the overshoot by Kd.
Rise time is improved by readjusting of Kp. So, obtained
values are: Kp=50, Ki=40 and Kd=9 (fig.2).

4 Fuzzy LOGIC CONTROL

The model contains a PD controller in combination with

fuzzy block for fuzzy logic inference system. After
derivation and Fuzzy block it is made amplifications of the
signal, according to [4] (fig.3).
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Fig.3 Fuzzy control loop

We applied a MISO system with two input signals:
deltaT for “error” as a difference between the desired speed
and the actual speed, and, dT for the “rate of change” (error
derivative). The single output is a combination of these two
signals and determines the speed of the actuator. Within
the range of [-1, 1] are sets seven symmetric triangular sets
for all three variables (fig.4).

FIS Variables Membership function plats  PIot poirts: 181

/3 2} hS z PS P 321

i \VAVAYAVAVAV

-1 0§ 06 04 D2 o 02 04 0g 08 1
input variable "defta T

Fig.4. Fuzzy sets

The result from this simulation show considerable
improvement in term of performance criteria (Fig.5).

Fig.5.FL C transient response

Following the error size and its change rate after the
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simulation with fuzzy logic controller we can see that if the
output goes away from the desired set point, fuzzy logic
drive it back toward the set point. (fig.6)

Fig.6 Errors after fuzzy block. In order error-change of
error-fuzzy logic error

We also see that every change of error causes fast
reaction of fuzzy system (fig.7). This mean that we should
reduce some inference rules that have the same output, or,
to give them other quality grade.

These developments happens between time 0,2 and 0, 3

at the same time when starts deviation between position,
speed and acceleration of the table (fig.8).
In order to optimize fuzzy logic systems, have been
employed various modifications of membership functions
using genetic algorithms, neural networks, etc. We didn’t
use any optimization of those, but we attempt to show that
the fuzzy can work very well and for same operating
conditions can perform better than PID.
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Fig.7 Errors after fuzzy block

We could only analyze error’s size and changing
conditions in the real model to see which rule condition to
take for inference. The fig. 9 shows that we have multiple
repetitions of some areas which mean in the same time that
we increase the degree of uncertainty (numbers 4,3, etc).
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Fig.8. Output of the system
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From the practical view, also, it is well conformed that
random errors which affect position accuracy that takes
place to around 50-70 % of overall errors. Using this area
dispersion we could manage to focus the system on the
smaller errors by giving them more membership grade than
others (Ec2, fig.10).

a) =Vvpg +ug =2ug =21u0
dp =V1 +Up =4U0 =22U0

az =Vo +Us =8U0 = 23U0

ap =2"ug

After this conclusion, we reconstructed the fuzzy system
and simulated the loop with fuzzy file PD_FLC O. The
surface view of the inferencesystem it is given in fig. 11.

speed

Fig.11.The surface view

5 RESULTS AND COMPARISON

After simulation process on MatLab, we can see
considerable improvements in term of reducing the rise
time, settling time, overshoot an steady-state error (Table1)
. Comparing with PID, the FLC controller with symmetric
triangular and asymmetric membership functions, can
reduce rising and settling time, but not the overshoot
either. To do that we need to determine welfthe grade for
every membership function by usingasymmetric triangular

(2) sets. This will reduce obviously the both positive and
negative overshoots( fig 12).
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Fig.12.PID-FLC-FLC_O comparison
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TaBLE 1.
THE PERFORMANCE COMPARISON

Rise time  Overshot S_ettling Peak
time
PID 0.7667 0.0005 1.877 1.0005
FLC 0.1798 0.179 0.804 1.179
FLC_O 0.379 0.046 0.3816 1.046

6 CONCLUSION

Using the fuzzy logical reasoning and approach and by
its implementation on control systems we can improve the
performance of the control process in a more effective way.
We don’t have to use precise values and numbers for the
input but by an imprecise inputs data and their interfacing
on the feedback control systems, the FLC could generate
sufficient system’s reaction for drastically improvement of
performance. So, FLC can be a right solution especially
when:

-output goes away from the desired set point

-output remains persistently displaced from the
desired set point

-output is changing too fast
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