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Assessment of the Time for Vessel's Readiness to
Sail in Ice Conditions
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Abstract: It is shown that the preparation of the exploration
for the swimming management of the ice and the process of such
impact should be carried out with the external supply of demand
of the company, the captain of the merchant and the crew on the
information, leaving allowing the convenience of operating the
external with due The level of related safety element of the
ves-sel's degree of and so is the procurement and cargo of it on
board, with the associated enforced element of protection to link
the environment. The task of assessing the readiness of the vessel
for safe navigation in ice conditions under the operating or
restored elements of the ship's tech-nical equipment by the
method of replacing with back-up elements is considered and an
analyt-ical expression is proposed technical and ship readiness
for safe ice sailing, taking into account the structure of the
maintenance complex, reliability and reliability of the
monitoring results. It is shown that the proposed procedure to
assess readiness.

Keywords : technical means, vessel, reliability, ice sailing
conditions, safety of ice sailing, inspection time.

I. INTRODUCTION

The International Maritime Organization (IMO) has
adopted the International Code for Vessel Navigation in
Polar Waters (Polar Code, (IPC)) and related amendments to
make it mandatory under both the International Convention
for the Safety of Life at Sea (SOLAS) and the International
Convention on the Prevention of Pollu-tion from Ships
(MARPOL).pa3BuBatomeiicss The provisions of the Polar
Code related to the SOLAS 74/78 International Con-vention
were adopted at the 94th session of the IMO Maritime Safety
Committee (MSC) in November 2014 [1]. At the same time,
the environmental provisions related to the implementation
of the provisions of the MARPOL International Convention
were adopted at the 68th session of the Marine Environment
Protection Committee (MEPC) in May 2015. The
requirements of the Code entered into force on January 01,
2017.omementoB Moreover, the purpose of the code is to
ensure the safe operation of vessels and the protection of
polar environment from the risks inherent in polar waters.

For each vessel to which the Polar Code applies, a Manual
for Operation in Polar Waters (MOPV) shall be developed,
which shall also include the following operations
[1]:3aBucuMocTH
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- voyage planning - in order to avoid a vessel sailing in ice
conditions that go beyond the design operational ca-pabilities
or restrictions imposed on a vessel:

- obtaining environmental forecasts;

- implementation of special measures aimed at
maintaining the operability of equipment and systems at low
temperatures, icing of the upper structures of the vessel, as
well as the presence of sea ice:

- requests from the authorities providing emergency
assistance;

- carrying out measures to assist in situations that go
beyond the operational capabilities of the vessel.

The vessel preparation for sailing in ice and the planning
of such a voyage are carried out with an aim of providing the
shipping company, the master and crew with information
that allows for the vessel operation with due regard for the
safety of both the vessel itself and the people on board,
observing environmental protec-tion requirements [2]. Ice
sailing is always associated with the danger of damage to the
hull and possible delays in the way due to a number of
unforeseen situations.yxomsue  Therefore, before the
voyage starts, the vessel shall under-go appropriate training,
which includes the following activities.TOproBbix

Dock survey, including inspection of the underwater
part of the hull, rudder, propellers, bottom fittings in the
dock.tompko At the same time, special attention during
inspection is given to the stem, the helical steering group and
the area of variable waterline along the entire hull as the area
most affected by ice.cuctemsr If possible, the screws are
re-placed  with  steel  screws  with  removable
blades.ycranoBnenne According to the survey results, if
necessary, it is carried out cleaning, painting and repair of
the underwater part of the vessel's hull. A dock survey for
vessels operating in the northern conditions is carried out
annually. It is also inspected the technical condition of the
steering wheel, propellers, propeller shaft, especially in the
area where it adjoins the deadwood, inspection of kingston
grilles.po3HIuHO#

Bottom and side kingstones shall be provided for ice
sailing vessels.pasmenenuu If an onboard kingston is clogged
with ice, a bottom kingston is used. When sailing in ice
conditions in shallow water, the bottom kingston may
become clogged with silt. In this case, an onboard kingston
is used.mpuGbLTH Thermal insulation of the fire line passing
along the open deck.

After using it at low temperatures, it is necessary to
drain the water from the fire line, opening the drain valves, in
order to avoid rupture of pipelines.npencrasistor Inspection
and repair of the internal volumes of the vessel's hull,
including a set of waterproof
bulkheads, sheathing of the
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sides and double bottom in cargo holds, inspection of
drainage facilities, pressure testing of pipelines, cleaning of
bilges and grids of receivers of the drainage pipeline, as well
as inspection of measuring and air pipes.KOHEUHBII
Preparation of deck mechanisms for sailing at low
temperatures, fresh and salt water highways located on the

Vessel condition

upper decks, and warming of all the mechanisms and devices
whose operation is not necessary and is associated with the
danger of defrosting.

Il. PROBLEM STATEMENT

Recovery/replacement of
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Figure 1. The structure of the vessel condition control with a subsequent assessment of its readiness for sailing in ice
conditions

Estimates of the safety of vessel’s sailing in ice conditions
and safe operation of the vessel technical systems (TS) are
widely used for the restoration of faulty systems by replacing
them. At the same time, one of the main requirements for the
control and recovery process is to provide preparation for a
given time t3.[3 ]

Let us consider the basic principles of assessing the
vessel's readiness for sailing in ice conditions and its
technical means, restored by replacement. Let further control
technical condition of the vessel. If the vessel is deemed
unsuitable for sailing in ice in at least one parameter, then it
should not be allowed being operated. In-stead of defective
technical means, a spare means or parts of this means is
taken. The restored technical means are monitored and, if
necessary, rejected. The process of monitoring and replacing
the vessel technical means continues until a positive result is
obtained, that is, until the vessel is recognized as suitable for
sailing in ice con-ditions [4].

Let the probability that the vessel as a whole, according to
the control results, is found fit for sailing in ice conditions,
and equal to POM, and the vessel assessment time tr(0) is
equal to the time of'its inspection trm{0). At the same time, the
probability of opposite event, consisting in the fact that the
vessel will be deemed unsuitable for sailing in ice conditions
is [5]:

PO(F*) =1-P, (F).

This event leads to a series of sequential situations, each of
which depends on previous events. Thus, the possibility of a
complex event, consisting in the fact that the vessel will be
deemed unusable, and the spare technical means will be
deemed fit, or the marine technical means will be restored as
a result of the first replacement in other words, is equal to [6]:

PB(L’) _ PO(F*) PS(L’)
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where P, probability of obtaining “suitable” result when
controlling a spare technical means.

In this situation, the time of vessel preparation for
sailing in ice conditions can be estimated as

t?(l) - tn(O) + tc(O) + t}’l(g) + tnl(j)a

where t© - time for removal of the rejected ship technical
means; t,,") + t,,*) - the of installation on the vessel and
inspection of the first technical means, respectively.

First spare vessel technical means with probability

Pg(?*) =1- pﬂ(?)

may be deemed unfit for sailing in ice conditions. At the
same time, the probability of an even more complicated
event, consisting in the fact that the main technical means
and the first technical reserve means may be deemed
unsuitable, and the second reserve technical means are
suitable, is equal to

pz(e) — po(e*) pg(?*) pg(e)

Then the time of vessel preparation for sailing in ice
conditions can be estimated as

tz(z) — tz(l) + tcl(g) + ty2(3) + th(g)’
rie t,® - time for removal of the rejected ship technical

means; t,,“, t,,”) - time of installation on the vessel and
inspection of the first technical means, respectively.
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I11. SOLUTION METHOD

Let us find the probability of vessel readiness by induction for
the case of n successive replacements

P, = P [P0 (1)

and the time of vessel's readiness to sail in ice conditions with
n replacements

n-1 n n
te(n) = tn(O) + tc(O) +Ztci(2) + Zt yi(3) + ztni(3) (2)
i=1 i=1 i=1
where t,? , t ,¢ | 1,7 - time of removal, installation and
verification of the i-th technical means, respectively.
With n—oo, the situations considered form a complete
group of events

P+ Y P = 1.
n=1

Therefore, the probability that the vessel in time t <t, will
be recognized as suitable for sailing in ice conditions on the
basis of the formula of full probability [5], [7], when its
condition is restored by replacing the vessel technical means,
is

Pe = PO(e) PeO + zpn(g) Pan (3)
n=1

where P, = .P(t,? < t,) - probability that the time for
assessing the vessel's readiness is less than the specified one;
P.,= P(t;,(”) <t,) - a likelihood that the vessel's readiness at n
replacements will not exceed the specified one.
Probability of vessel's recognition as suitable for ice
sailing as a result of N replacements of technical means is
equal to

PZ (N) = PO(Z) PzO + ZPH(Z) Pzn- (4)

With an absolutely reliable control
probabilities appear in formulas (1), (3) and (4)

system, the

PO(Z) =P, Po(?*) =1-pP, PS(?) - PM(S) Pg(«?*) =1 7Pu(3)
®)

Where P,, P, - probabilities of the working condition of
the technical means and the spare technical means,
respectively, which are the features of reliability of these
means.

When the control is carried out with errors and
serviceable technical means can be falsely rejected and,
conversely, when serviceable means can be erroneously
classified as serviceable. Let the share of falsely rejected
technical means in their entire mass, which came under
control, is equal to the probability P,,, and the share of faulty,
but recognized as serviceable systems, also considered in the
entire set of controlled technical means, is equal to the
probability P,,. Then [8]

PO(Z) = Pu +PflO +PHOII P3(g) = Pu(S) - Pw(3) + PH0(3)
(6)
With perfect control accuracy, probability (3) makes
sense of the probability that the vessel in time t <t, will be
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ready for ice sailing, and with inaccurate control - a
likelihood that it will be recognized as such during this time
that it is not the same.

Likelihood that the vessel as a result N replacements of
technical means will be really ready for sailing in ice
conditions

Pau(N) = PO((’) P(’O Pu/a + Zpu(g) P:u Pu/z(B)
)

where P,., P,.”) - probabilities of the operational condition of
the technical means and the spare technical means,
respectively, provided that they were recognized as ensuring
safety during ice sailing under control.

Probability (7) can be used as an indicator of the
effectiveness of assessment of the vessel's readiness for ice
sailing.

Obviously, the described procedure of assessment of the
vessel's readiness for ice sailing consists of homogeneous
operations, the execution time of which can be taken as
mutually independent values. Moreover, the mathematical
expectation and time dispersion (2) are equal to:

M. (N) = Myu(0) + Me(0) + (2 - 1) mye(3) + n(M (3) + mu(3)),
% () = 6%(0) +0°(0) + (n- 1) 6°(3)
+1(6°(3) + 6" u(3)), ©)

The law of distribution of time intervals for inspection of
technical means t,(0) will be considered exponential.
However, the inspection time may include, in addition to the
time required directly for the control of technical means, the
time for preparatory work, such as connecting, warming up,
setting up control means. An even larger number of terms
has preparation time t.(n) at replacements.

As a result and based on the central limit theorem [5], the
law of time distribution (2) can be considered normal. This
assumption becomes more and more valid with an increase in
the number of substitutions. ». Under normal law, the
probability that t.(n) <t,, is determined by the formula [5]

[9]:
P., = [®((t,—m.(n)) / 5.(n)] + 0.5. )

IV. DISCUSSION OF THE RESULT

Let the deviation values AX = X — x, of parameter X from
nominal value x, in the technical means responsible for the
safety of ice sailing of the vessel are distributed according to
the normal law with a standard deviation equal to o= 5
conventional units and mathematic expectation equal to myy
=0. In order to ensure the safety of ice sailing, this parameter
has a bilateral tolerance o= 7.5 conditional units. While P,
=0 ,87. Measurement error values AX, are distributed
according to normal law with 6 , = 4 conditional units and
My, = 0.The deviations of the parameter of the spare
technical means are also distributed according to the normal
law with oan= 4 conditional units and ms = 0, which
corresponds to P, = 0,94.
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The timing of the operation to verify and restore the
technical means and the reserve technical means is subject to
normal laws with m,,(0) = 40 conditional units. m,,(0) = 15
conditional units, 6,,(0) = 10 conditional units, c,,(3) = 3
conditional units. The time of removal of an unreliable
technical means and the installation of reserve technical
means is almost zero. It is required to determine the
probability of preparing the vessel for safe sailing in ice
conditions over time t, < 80 conditional units.

For the given initial data on the distribution of values of
the output parameter and the error of its measurement using
the results [9], one can find

P, =0,035; P,=0,021; P,® =0,027; P,,) = 0,013,

and determine under the formula (5) that P, = 0,856 u P,
=0,926.

The value of probabilities (1) and P,,, calculated by
expressions (8) and(9), and readiness indicators (4) are
given in Table 1. In this table, the denominator shows for
comparison the probability values calculated for the case of
perfect control, i.e. at P,,= P,, = P,,") = P,,¥) = 0.

Table 1.
No. 0 1 2 3 4

P, | 0.856 | 0.133 | 0.0099 | 0.0007 |0.00005
0.87 0.122 | 0.0073 | 0.0004 |0.00003

P.. | 0.9999 | 0.993 0.834 0.316 0.029

P.(N)| 0.856 | 0.988 | 0.9966
0.87 | 0.991 | 0.9974

0.99679 |0.996791
0.99752 |0.997521

V. SUMMARY AND CONCLUSION

The considered methodology for assessing the time of
vessel’s readiness for ice sailing by the control method with
the subsequent restoration of its ability to sail in ice
conditions by replacing an unreliable vessel technical means
takes into account the structure of the setof maintenance
operations, the features of the reliability of such means and
the reliability of the results of control operation.

Based on this assessment of the vessel's readiness for
safe ice sailing, a distribution of the possible duration of the
set of control actions for the inspection of the vessel and its
application with the known features of the measuring control
means and the specified maintenance rule can be found.
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