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Abstract

This article presents the problem of overloading of the steering gear controlled by an autopilot in high sea states
and ways of reducing it. The author proposes a new method of estimating the steering gear load by counting the
number of machine reversals in a selected time period. A block diagram of such solution is presented along with
the results of simulations of system operation in different sea states. The results obtained, in terms of number of
reversals, depend significantly on the state of sea, providing a means to estimate the current state of the sea as
well as the expected difficulty in exploiting the steering gear.

Introduction

The navigational safety of a ship, which also
translates into the safety of people, cargo, and other
participants of the water transport system, depends
on the reliable operation of the ship’s steering gear.
The construction of the power systems of the steer-
ing gear may generate a different torque on the rud-
der stock (e.g. mechanical, electro-mechanical, elec-
tro-hydraulic-mechanical transmissions).

The chosen method of torque generation depends
on its designed value for a given vessel.

Steering gears are designed and built taking into
consideration these factors:

* size and type of rudder;

* ship’s speed;

* changes in torque on the rudder stock (as a func-
tion of angle of rotation of the stock shaft);

 assumed rate of rudder movement at ‘full ahead’;

» generation of the assumed torques at ‘astern’
speed;

* achievement of the assumed mechanical and ther-
mal strengths under dynamic loads, resulting from
the long rudder movement from one side to the oth-
er with the appropriate frequency and amplitude.
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These devices are subject to special supervision
by classification societies (e.g. Polish Register of
Shipping, Lloyd’s Register, Det Norske Veritas GL,
Russian Maritime Register of Shipping), which are
aimed at verifying the fulfilment of material, con-
struction, power supply, control and performance
requirements. Additional requirements specify the
methods of power supply, type of alarm signals, and
static accuracy.

During automatic operation of the vessel in high
sea states by means of the autopilot, designed val-
ues are exceeded (especially temperatures of devices
and the working medium, currents of main electric
motors and actuators), leading to power overload of
the device.

Insufficient power of steering gear installed on
ships results from economic reasons. The periods
in which the steering gear works in high sea states
(6-9) constitutes about 20—30% of the ship’s service
life (Waguszczienko & Cymbat, 2002). The remain-
ing 70-80% of the lifetime falls to low and medium
sea states (good weather conditions), in which the
steering gear operates under a small or very small
load (e.g. up to sea state 3 the average amplitude
of rudder deflections does not exceed 5 degrees,
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i.e., approx. 16% of the designed amplitude — 30
degrees).

Installing a more powerful machine is therefore
not advisable from the economic viewpoint. In addi-
tion, when working at lower sea state a higher pow-
er of the steering gear would reduce the so called
course stability of the ship, which in turn increases
the ship dragging forces, decreases its average speed
and, consequently, raises operating costs due to
increased fuel consumption.

Therefore it is typical for the steering gear to be
overloaded during operation under rough sea condi-
tions while the autopilot is on.

For this reason it is necessary to appropriately
monitor the situation and take measures to reduce
the load (at the expense of lower course-keeping
quality). A ship’s steering gear should be carefully
protected against damage. It is recommended that
physical quantities that may be exceeded should be
continuously monitored and an alarm signal should
be activated in case their values are actually exceed-
ed (Stefanowski, 2010; Stefanowski & Zwierze-
wicz, 2012). The regulations of classification soci-
eties (PRS, 2007) require steering gear overload
signaling, which most often takes place when the
average current of electric motors driving hydraulic
pumps is exceeded in relation to the rated current, or
when the permissible temperature of the hydraulic
working medium rises above the limit. Alarm sig-
naling should make the deck and engine personnel
reduce the mechanical load. Reducing the load of the
steering gear can be achieved by reducing the rate

of rudder movement and/or the amplitude of rudder
deflections, filtrating higher harmonics in the rudder
deflection set point, or introducing a dead zone in the
proportional path of the course controller (Wyszkow-
ski, 1982). In Stefanowski (Stefanowski, 2013) it
was proposed to reduce the load by decreasing the
angular speed of the rudder. Alarm signaling of the
steering gear overload does not affect the load, but
knowledge that the load is tending towards its max-
imum permissible value may allow taking measures
to relieve the steering gear even before the alarm is
raised. This could lead to better use of the autopilot
in high sea states by avoiding the need to turn off
overheated devices to let them cool down. The steer-
ing gear load (average power is not measured) can
be estimated on the basis of rudder deflection sig-
nal analysis. In Stefanowski (Stefanowski, 2011) the
author proposed for this purpose a special algorithm
implemented by a function block.

This paper proposes to estimate the steering gear
load based on the number of reversals in a specific
period of time. The practice of steering gear opera-
tion shows that as the sea state increases, the number
of reversals also increases, and consequently, steer-
ing gear load rises, reaching the maximum alarm
level in sea state 7 or 8.

The proposed solution
Figure 1 shows the proposed technical solution

in the form of a block diagram of rudder angle sig-
nal acquisition, its conversion to decimal counter
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Figure 1. The block diagram of the steering gear reversals counter (reversal is defined as a change in direction of rudder

movement)
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control of the number of steering gear reversals and
the display of reversals counted within a specific
period of time.

When the rudder angle signal is received from
the rudder angle sensor, the angular velocity @ of
the rudder is calculated by the differentiation of that
signal by the real system with a low time constant.
After the angular velocity signal is received, the sig-
nal sign is determined as a function of time in the
form of a zero-one signal. The differentiation of the
signal as described above gives a series of positive
and negative pulses. Each pulse represents a change
in the direction of rudder movement. To obtain puls-
es of one polarity, necessary for the control of the
decimal counter, the signal is passed through a recti-
fier defining positive values of pulses with negative
polarity.

The number of pulses (indicating the number of
reversals) is counted for the time specified in the
square-wave signal generator — observation (count-
ing) time. The period of this generator is slightly lon-
ger than the observation time. The observation peri-
od, for example 30 minutes, is approximately 99.9%
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of the generator period. After a period of observa-
tion, the decimal counter is stopped and its contents
are copied to the latch-type memory. After saving
the counter state in the latch memory, the counter is
reset to zero and the generator of observation time
unlocks the counting of subsequent pulses.

Once placed in the memory latch, the coded num-
ber of pulses is converted by binary code decoders
into a code of seven segment indicators for its presen-
tation in the decimal system. The value indicated by
the display persists until the next entry in the mem-
ory latch, which will take place after the next obser-
vation period. The crew should be familiar with the
permissible number of reversals of the steering gear
installed on their ship. This is the number of rever-
sals that will occur when the alarm signal is sent due
to overloading the steering gear controlled by the
autopilot in case no gear load limits are introduced.

A fixed number of reversals of the steering gear
at a particular time can also be used to start an alarm
in the event this number exceeds the limit number of
reversals (programmed by the crew). The proposed
system must then be extended with additional units
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Figure 2. The simulation results of the ship course stabilization system for various sea states and the observed number of steer-

ing gear (rudder) reversals
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(programmable digital set point adjuster, comparator
and control system).

The results of simulation studies

To evaluate the possibility of identifying the
number of rudder reversals in a time unit on the basis
of the proposed solution, a course stability system
was modeled (MATLAB-Simulink) by adopting
a simplified linear model of a ship’s dynamics of the
NOMOTO type (Lisowski, 1981) and a simplified
model of the steering gear with constant delivery
pump (Stefanowski, 2006). Disturbances acting on
the hull were modeled for a given sea state applying
method described in (Kochenburger, 1975), which
uses the random function of time with the spectral
density of sea wave power written as:

2Dra(a2 + 3 +a)2)
a)“+2(oz2 —ﬂz)a)z +(a2 +ﬂ2)2

S(w)= (1)

where:
p — the resonant frequency of spectrum, o = 0.215,
Dr— process dispersion.

The PID course controller was tuned to 10%
overshoot of the introduced set course correction.
The conversion of the wave ordinate into the ordi-
nate of torque acting on the vessel was chosen exper-
imentally so as to obtain ship course alterations in
the range of those encountered in practice at differ-
ent sea states.

Figure 2 shows the results of the simulation, pre-
senting the course of the vessel and, rudder deflec-
tion angle in degrees and the counted number of rud-
der reversals over 10 minutes of observation.

Conclusions

Based on the simulation results we can state
that the number of rudder reversals increases with
the sea state and that figure, even in a relatively
short period of observation of 10 minutes differs
significantly for different sea states (from approx.
30 to approx. 60), which proves that changes in the
number of reversals along with the increase in sea
state are large. An indication of the reversal number
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makes it possible, for the engine crew in particular,
to assess the current state of the sea and the diffi-
culties in the operation of the steering gear itself
due to its load. Consequently, based on this infor-
mation the engine personnel may make decisions
towards the reduction of the number of reversals
if it exceeds the allowable limit. Such a reduction
may be attained, for example, by a change of course
regulator gain or of rudder angular speed.

The presented method of converting the rudder
angle signal for the purpose of counting the number
of reversals did not cause any problems in the oper-
ation of the course stabilization model. It can be
assumed that the proposed solution can be applied
in practice.
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