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Abstract

In this paper it is required to enhance the performance of a mechanical system (here: a Hoisting System) where it is
preferred to lift a different payloads with approximately the same speed of lifting and keeping at the same time the good
performance, and this of course needs some intelligence of the system which will be responsible on measuring the
present load and taking into account the speed and performance desired in order to achieve the requirements or the
criteria. The process therefore is a Mechatronics System design which includes a measuring system, a control or
automation technique, and an actuating system. The criteria built here in this research using a given Hoist system's
characteristics and parameters and changing one of these parameters by the actuator depending on load value (i.e.
making a calibration with which there will be a given value of the intentional parameter at which the speed and

performance reach the requirements to any load value).
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1. Introduction

The word mechatronics is composed of
“mecha” from mechanism and the “tronics” from
electronics. In other word mechatronics mean
putting Brain to the mechanism to give it
intelligence and work therefore automatically.
That what will be happened here in this research.
So the aim is to design the electronic circuit that
will be the brain of the hoist system (i.e. the
mechanism) and this need at first to analyze the
mechanical system from mechanical viewpoint
and then decide to put the brain.

Rezia M. Molfino, et al show that a new highly
automated drilling system able to create holes up
to 20 m depth in rocky walls using standard 1.5 m
length rods. The drilling system, to be used to
automate rocky walls consolidation, has to be
positioned in the points of the map earlier defined
by the geologist; for this reason it is hosted onto a
semiautonomous climbing platform, with rods
stored onboard. An automatic system is also
required to feed the drilling head with new rods
while the hole progresses and to recover the rods
once the hole is up.

Nader A. Nayfeh shows that Cranes are
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increasingly used in transportation and
construction. Increasing demand and faster
requirements necessitate better and more efficient
controllers to guarantee fast turnaround time and
to meet safety requirements. Container cranes are
used extensively in ship-to-port and port-to-ship
transfer operations. In this work, we will extend
the recently developed delayed position feedback
controller to container cranes. In contrast with
traditional work, which models a crane as a
simple pendulum consisting of a hoisting cable
and a lumped mass at its end, it is modeled the
crane as a four-bar mechanism. The actual con
guration of the hoisting mechanism is signicantly
dierent from a simple pendulum.

Ziyad N. Masoud and Mohammed F. Dagaq
indicate that the Input-shaping is a practical open-
loop strategy for the control of transient and
residual oscillations on cranes, especially those
having predefined payload transfer paths and
repeated maneuvers. In this paper double-step
input-shaping control approach is developed to
include maneuvers that involve large hoisting
distances and speeds. The approach is based on
using the graphical representation of the phase
plane of the payload oscillations. The phase plane
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is used to derive mathematical constraints to
compute the switching times of a double-step
acceleration command profile that will result in
minimal transient and residual oscillations. The
controller design is based on a two-dimensional
four-bar-mechanism model of a container crane.
For the purpose of controller design, the model is
reduced to a constrained double pendulum with
variable length hoisting cable and a kinematics
angular constraint. The generated commands were
based on both a linear and nonlinear frequency
approximations of the payload oscillation period.
Numerical and experimental results demonstrated
that in contrast with the single-step input shaping
controllers, which are very sensitive to frequency
approximations, the proposed double step
controller is less sensitive to small variations in
the frequency even with large commanded
accelerations. Using this approach, oscillations
during and at the end of transfer maneuvers can be
reduced to less than 5 cm on a full size model of a
65 ton quay-side container crane.

Hilary Skinner, et al indicates that their report
recognizes that the standards relating to the design
of cranes and the design of temporary works are
changing. It is anticipated that within the next 5
years information routinely available from crane
owners for the purposes of structural and
geotechnical design will be more detailed and will
align with the design philosophy of the Eurocodes
for structural design that are due within the next
10 years. Foundation design examples are given
that relate to the current approach and to the
Eurocode design.

Ziyad N. Masoud shows that Oscillation
frequency of crane payloads is the main and most
important factor in crane anti-sway control
systems design. In the summer of 2005, a Smart
Sway Control system (SSC) was installed on a 65-
ton quay-side container crane at Jeddah Port.
During the calibration phase of the installation, it
was observed that heavy payloads combined with
the dynamic stretch of the hoist cables had a
significant impact on the configuration of the
hoisting mechanism and the pattern of oscillation.
This introduced considerable change in the
oscillation frequency of the payload, which
resulted in a significant impact on the
performance of the anti-sway control system.

2. Mechanical System

The mechanism of the hoisting system is
shown in Figure [1]. It consists of three
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independent variable and the input is the force F
applied by the DC-motor shown [1].

X
o w

Fig.1. Schematic of Hoisting System.

M = mass of the payload

F = force supplied by the motor at the right end of
the shaft rises or lowers the mass

j1, r1 = moment of inertia and radius of element 1

j2, 2= moment of inertia and radius of element 2

k = tensile stiffness of the Hoisting cable

ks = stiffness of the shaft

Now the free body diagram of the hoisting
system is shown in Figure [2] indicating all its
independent variables: 01, 62, z

Assuming 02 > 01

ks (62- 91)

k (l‘z 02 —Z)

1

M

Fig.2. Free body diagram of the Hoisting system.
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Applying Newton's second low to the two

inertia and the mass, to getting the following
equations of motion:

M, =],6,
Ji6, =k (8, —8)+nF
J16y + k.6 — k.8, =nF

(1)
M, =],6,

Z F. = M
MzZ=k(r8, —z)
MZ+kz—knb, -(3)

Now in order to analyze the system of

equations above, it is preferable to get the state-
space of this system as following:

(4
.05
..(6)

To analyze the system above it is required to
deal with a specific parameters and characteristics
(i.e. specific Hoist System). The system selected

here is of the following specifications:

rn=1mn=003m ], = %Mrf Jy = 00tkg.m k, = 1000N.mrad,

k= 500000N.m, M=100 1000ky F,

polisd

=000 ¥ bythe BC  maotor.

And the response to the fixed amount of the
force supplied by the DC-motor (900N) for lifting
minimum and maximum mass
1000kg) to this specific system is shown in Figure

[3] (a)&(b) respectively:

[aleg]

time(sec)

Fig.3.(a). System Response to Lifting 100kg.
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Fig.3. (b). System Response to Lifting 1000kg.

From Figure [3] (a) & (b), the important
parameter that would be taken into account is the
z parameter which is the response of the Hoisting
cable displacement without forgetting the
smoothness responses of angles 01 & 62.

The response of z is smooth in the two figures
but the speeds of them are different, where it takes
8 second for the Hoisting system to lift
approximately 100kg mass about 2 meter distance
whereas to the same period the system lift 1000kg
mass about 0.2 meter.

The idea is to unique approximately the
amount of the lifting distance to the same period
of time with keeping the smoothness of the
responses.

3. Enhancement Technique

The enhancement technique applied in this
research is firstly by propose the mechanism of
enhancement which is here by butting an actuator
responsible for changing the amount of the right
hand side disk radius (r1) proportionally (from
0.1m to 1m) with the amount of mass (100kg to
2000kg) needed to be lift and keeping nearly same
speed and the responses smoothness (i.e. the

desired conditions). Table [1] indicates the
masses to be lift and the corresponding radius (r1)
that will make the desired conditions.

Table 1,
Calibration Data of Mass M and Radius r;
Relationship.

Mass Radius r1 Displacement z of mass at 3

(kg) (m) second (m)
100 1 1.9
125 0.8 1.9
150 0.7 1.8
175 0.6 1.8
200 0.5 1.9
250 0.4 1.9
300 0.3 2
400 0.25 1.8
500 0.2 1.8
600 0.15 2
700 0.12 2
800 0.1 2
900 0.09 1.95
1000 0.07 2

This page was created using Nitro PDF trial software.
To purchase, go to http://www.nitropdf.com/



http://www.nitropdf.com/

Yarub O. Naji Al-azzawi Al-Khwarizmi Engineering Journal, VVol. 6, No. 2, PP 62-71 (2010)

From table [1], it is required to find a representing those data on a figure as shown in
mathematical relationship between the mass M Figure [4].
and the radius r1 and that may be possible from

1000

900 =

800

700 -

21| S

M (k)

A0

300 -

0=

100
0

Fig.4. Relation Between Mass M and Radius r;.

From Figure [4] the mathematical relationship
is similar to the exponential equation (10):
r1=-0.25 In (M/1300) ... (10)
The equation (10) will be taken into account in Mass Value
the following design of the automation technique. ¢
r1=-0.25In
4. Automation Technique: (M/1300)

Automation system is represented by a
computer that is programmed to instruct the
actuator to decide the value of the radius rl

\ 4

depending on the amount of mass M (given by the Fm ding the
. . digital code to
operator to the computer) that is to be lifted. The the r1

process is indicated in flow-chart shown in Figure

[5]:

So the operator gives the value of the amount of A
the mass M to the Automation program (which is Parallel Actuator
here in MATLAB 7) then the program will decide port

the value of rl and instruct the driver of the

actuator to do the right action.

Fig.5. Flow-Chart of Automation Program.

This page was created using Nitro PDF trial software.
To purchase, go to http://www.nitropdf.com/



http://www.nitropdf.com/

Yarub O. Naji Al-azzawi

Al-Khwarizmi Engineering Journal, VVol. 6, No. 2, PP 62-71 (2010)

5. Results and Discussion

It will be taken three samples of results to the
two cases (i.e. with and without automation) as

following:

1. Lifting 200kg With Automation as shown in

Figure [6](a).
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Whereas lifting 200kg without automation is
shown in Figure [6](b). From the two Figures [6]
(a) and (b), it is really noted that with automation
the requirements is nearly achieved whereas

without automation is not.
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Fig.6. (a). Lifting 200kg with Automation.
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Fig.6. (b). Lifting 200kg Without Automation.
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2. Lifting 400kg With Automation as shown in

Figure [7](a).

Whereas lifting 400kg without automation is

shown in Figure [7](b).
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Fig.7.(a). Lifting 400kg with Automation.
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Figure [8](a).

3. Lifting 800kg With Automation as shown in

Whereas lifting 800kg without automation is

shown in Figure [8](b).
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Figure [8](a). Lifting 800kg with automation
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6. Conclusions and Recommendations

The proposed automatic Hoisting System is
well possible to be used in applications of daily
life with good enhancements in the whole
responses of its parts and also keep it life more
time than the first one which without automation.
Another thing, the transportation of the loads may
be more quickly because it would be reliable.

It is recommended here that other more control
technique like feedback control and new
intelligence control may be preferred to be more
reliable and repeatable. Practical results may be
more indicative to the goodness of responses.
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