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Abstract: The problem and the comparative analysis of the possible control gantry cranes methods are represented. T-Controller fuzzy
interference system is selected for further work. Mathematical equations of motion are calculated using the equations of Lagrange and methods

of Euler and Runge-Kutta.
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INTRODUCTION

Industrial cranes are widely used in modern logistics for
transportation of load within a given trajectory. For instance,
the gantry crane moves load from point to point in horizontal
direction. Usually a skilful operator manages this task.

During this process, the load might swing in a pendulum-like
motion. If the swing exceeds a proper limit, it must be
reduced or the operation must be interrupted until the swing
stops.

One of the ways to improve control efficiency of such kind
of process is based on the using of human experience and the
fuzzy modeling [1].

Fuzzy modeling uses fuzzy logic controller what allows to
solve adverse effects problems, caused by system
nonlinearities.

TASK

The main goal is to develop a reliable, fast and usable
control system for gantry cranes. System should manage
quick transfer of load from point to point with the ability to
control swinging of this load. As the result the crane cart
with goods has not cross out the permissible swinging
limits.

The swing manage is realized by controlling of the three
main parameters: the angle relative to the vertical axis of the
cart, cart position relative to the start/end point and the
power in corresponding point.

Fuzzy Interference System:

At present distinct mathematical model for cranes managing
is not designed because of problem's formulation ambiguity.
Therefore, controller based on fuzzy productive system's
conception is chosen.

Fuzzy Inference System (FIS) - fuzzy logic makes use of

human common sense or expert knowledge to build control
systems or model data. A fuzzy inference system applies

© JGRCS 2013, All Rights Reserved

fuzzy if-then rules that can model the qualitative aspects of
human knowledge and reasoning processes without using
precise quantitative analyses.

However, common fuzzy inference systems have several
issues. For example, good interpretability vs. good accuracy,
small number of input variables, time consuming tuning,
requires sufficient data basis and dependency on
defuzzification method: same rules give different results
depending on defuzzification.

All of these issues limit the usage of the existing fuzzy
systems for managing complex technical objects.

Fuzzy inference system algorithms:

Mamdani and Takagi-Sugeno algorithms are the most
popular and well known among FIS algorithms and also
might be employed in the crane cart control system.

On the one hand Mamdani algorithm has the plus, like
flexibility in the rules design and fuzzy logic method
implementation, based on experiments and extension
expert’s knowledge represent management system as the
transparent and understandable to the user. On the other
hand this algorithm also has following minuses: multivariant
defuzzification  procedure, each of the existing
defuzzification methods provide different low accuracy
results and as a result, more time is required to properly
configure the system. Overall, the low rate of result
formation within allowable time delay.

In comparison to Mamdani, Takagi-Sugeno algorithm
applicable only in case sufficient numerical data, which
obtained through field experiments, are available.
Nonetheless, if the model parameters vary depending on the
configuration, the nature or load size, use of such fuzzy
inference system, in generally, inappropriate, as it requires
the creation of separated models for each divided area for
the formation of appropriate control actions, which
significantly affects the system performance.
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T-Controller fuzzy system of improved accuracy:

T-Controller FIS is an original method of fuzzy logic. In
contrast to traditional fuzzy inference systems, T-Controller
is based on peculiar defuzzification method and rule building
is driven by expected output, rules are disjunctive: each
output value corresponds only to one rule. Also expert
assessments interval can be used for rules constructing in T-
Controller [2].

Accordingly T-Controlled has several main advantages over
common fuzzy systems, such as:

The logic inference (and) and the composition (or) are
combined into one specific step;

The number of rules conditioned by features only output
variables;
Fast defuzzification;

The rules designing procedure is intuitively understood for
experts via analysis of possible situations for output variable;
High accuracy of T-Controller — high speed geometrical
defuzzification method with zero systematic error (more
strict «input» gives more precise «output»);

The procedure of configuration is faster;

Simplicity in implementation in both software and hardware
versions. On the figure below T-Controller application is
demonstrated [2, 3].

The simplified model of the gantry crane

The equation of the crane motion

The simplified model of the gantry crane is shown on the
Fig.2, where: x. is a position of the cart relative to the
starting point, x, and y, are positions of the center of mass,
M is the weight of the cart, M, is the weight of the crane, o
is an angle of the cart, F is an external force applied to the
cart [4].

This single pendulum can be represented as a system with
one input parameter u (the power of crane) and two output:
a (angle of the cart) and x. (cart position) [5].
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Figure: 2 The simplified model of the gantry crane

The mathematical equations of motion (1) and (2) can be
calculated by using Lagrange equations with the total
potential and the kinetic energy.

After the linearization of nonlinear single model of the
gantry crane is received the following system of differential
equations that represented in (3) and (4).
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Table I.

Parameters from equantiions (1) and (2)

Parameters

Description

cart position relative to the start/end point is shown in the
second column, and one output parameter is calculated using
T-Controller software and shown in the third column on the

equivalent viscous damping coefficient

B =54 [Nms/rad]
K as seen at the motor pinion

B =0.0024 [Nms/rad] viscous damping coefficient as seen at
5 the pendulum axis

planetary gearbox efficiency

n=1
n,=1

2
9=9.81 [m/s ]

motor efficiency

gravitational constant of earth

| =0.0078838 [kgmz] pendulum moment of inertia
P

J =3.9001-007 [kgm ]
K =371
K =0.0076776

rotor moment of inertia

planetary gearbox gear ratio

back electro-motive force (EMF)
constant
motor torque constant

K =0.007683
1 =0.3302 [m]

pendulum length from pivot to center of
gravity

lumped mass of the cart system,
including the rotor inertia

pendulum mass

M =1.0731 [kg]

M =023 [kg]

R =26[Q]

r_=0.00635 [m]
L_mp

motor armature resistance

motor pinion radius

Parameters of equations (1) and (2) are listed in the Table 1
with the values taken from [4, 5]. The linear equation of
motion (3) and (4) are calculated after replacing in (1) and
(2): cos(a) = 1 and sin(a) = @, and using the parameters in
the Table 1.

Euler and Runge-Kutta numerical methods are used for the
integration of differential equations systems.

A fuzzy control schema of the gantry crane cart’s position:

T-Controller is the FIS that uses fuzzy logic rules for an
adequate assessment of the power that supplied to the input
of the gantry crane [6]. Rules are formed on the
formalization of knowledge and professional experience of
the experts of certain industry.

The synthetic model of object management (gantry crane) is
presented on fig.3 based on Runge-Kutta method and fig.4
based on Euler method - fuzzy controller control system
which might be used to rate the crane functionality with
built-in swings reducing.

The swing manage is realized by controlling of the two main

input parameters: the angle relative to the vertical axis of the
cart is shown on screenshots below in the first column and
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fig.3 and fig.4 screenshots.
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Figure: 3 System model based on Runge-Kutta method
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Figure: 4 System model based on Euler method
To illustrate how system works and to assess the

effectiveness of the developed solution, corresponding
animation program was created, where time-lapse image
changes are performed at regular intervals. Screenshot of
this animation is displayed on fig.5 [7].
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Figure: 5 System visualization

CONCLUSION

Gantry cranes are widely uses for industrial purposes where
need to move the load from one area to another. In this case
the load should be moved without any swinging because it
may damage something around crane, especially people.
Thus during this operation the load may fluently swings in
pendulum-like trajectory. If proper swing exceeds the limit,
it should be delayed or operation must be suspended until
the time of swing do not stop. Any of these options takes
away a lot of time, resulting in material damage.

In this research paper is presented control system of gantry
crane cart swing with high accuracy positioning during
movement. In addition operation of the system was
visualized with animation.

The advantages and disadvantages of traditional fuzzy
interference system were described. Although, T-Controller
benefits were highlighted in comparison with traditional
FIS.

Schema of simplified gantry crane model was introduced

which based on two input parameters: angle and position,
and one output power and one output parameter — power.
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