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As compared to the previous edition (2008) the thirteenth edition contains the following amendments.

RULES FOR THE CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS

PART VII. MACHINERY INSTALLATIONS

. Chapter 1.2: the definition of "Propulsion plant" has been specified.
. Chapter 2.1: the requirement of para 2.1.11 has been specified.
. Chapter 2.4: the requirement of para 2.4.3 has been specified.
. Chapter 7.2: the requirements for the main AMSS technical condition monitoring have been specified.
. Chapter 10.2: the requirements for thrust bearing spare parts supply have been specified.
6. A new Section 12 "Qualitative Failure Analysis for Propulsion and Steering on Passenger Ships" considering
IACS UR M69 (June 2008) has been introduced.

N AW -

PART VIII. SYSTEMS AND PIPING

1. Chapter 2.5: has been supplemented with the requirements for flexible hoses of plastic materials considering
IACS UR P2.12 (Rev. 1, Aug. 2007).

2. Para 4.3.2.9: has been amended considering IACS Rec.100 (Feb. 2008) as regards access to bottom and side
fittings.

3. Para 9.10.3: has been amended considering IACS UR F44 (Rev. 1, Aug. 2008) as regards access to a forepeak
ballast tank.

4. Chapter 12.2: has been supplemented considering IACS UI SC221 (Oct. 2007) as regards the requirements for
fire insulation of ventilation ducts.

5. Editorial amendments have been made.

PART IX. MACHINERY

1. Chapter 2.3: the requirement of para 2.3.5 has been specified.
2. Chapter 5.1: the requirement of para 5.1.3.4 has been specified.

PART X. BOILERS, HEAT EXCHANGERS AND PRESSURE VESSELS

1. Chapter 2.1: the requirement of para 2.1.7.1 has been specified.
2. Chapter 6.4: para 6.4.4 has been deleted.

PART XI. ELECTRICAL EQUIPMENT

1. Chapters 1.3, 2.3, 3.3, 5.2, 8.2, 8.5, 16.8, 19.2, 19.7 and 19.8: in some paragraphs the requirement for the
special consideration by the Register has been deleted.

2. Chapter 2.9: has been amended as regards dangerous zones for battery compartments, paint lockers and
storerooms for cylinders with flammable gases.

3. Chapter 8.5: has been amended considering IEC 60092-202.



4. Paras 19.4.1, 19.4.2.1 and 19.4.2.2: have been amended as regards the number of special personnel considering
the new Code of Safety for Special Purpose Ships, 2008 (IMO Resolution MSC.266(84)).
5. Editorial amendments have been made.

PART XII. REFRIGERATING PLANTS

No amendments have been introduced.

PART XIII. MATERIALS

1. Chapter 3.2: has been supplemented with the relevant references to Part III "Technical Supervision during
Manufacture of Materials" of the Rules for Technical Supervision during Construction of Ships and Manufacture of
Materials and Products for Ships due to inclusion of the procedure for recognition of manufacturers of semi-finished
products considering IACS UR W11 (Rev. 7).

2. Chapters 3.7 and 3.8: have been supplemented with the relevant references to Part III "Technical Supervision
during Manufacture of Materials" of the Rules for Technical Supervision during Construction of Ships and
Manufacture of Materials and Products for Ships due to inclusion of recommendations on non-destructive testing.

3. Chapter 3.16: has been specified as regards stainless steel testing.

4. Chapter 6.5: has been renamed as "Protective coatings" and supplemented with requirements for anticorrosive
protective and anti-fouling coatings considering the provisions of the International Convention on the Control of
Harmful Anti-Fouling Systems on Ships, 2001.

PART XIV. WELDING

No amendments have been introduced.

PART XV. AUTOMATION

1. Tables 4.2.10-1 and 4.2.10-2: have been supplemented considering IACS UR M35 (Rev. 5, Aug. 2008).
2. Table 4.4.6-2: has been supplemented considering IACS UR M36 (Rev. 3, Sept. 2008).

PART XVI. HULL STRUCTURE AND STRENGTH OF GLASS REINFORCED PLASTIC SHIPS AND BOATS

No amendments have been introduced.
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PART VII. MACHINERY INSTALLATIONS

1 GENERAL

1.1 APPLICATION

1.1.1 The requirements of the present Part of the
Rules apply to ship machinery installations, equip-
ment of machinery spaces, shafting lines, propellers,
machinery condition monitoring systems, spare parts
and active means of the ship’s steering (AMSS) as
defined in 1.2.8, Part III "Equipment, Arrangements
and Outfit".

Machinery installations and machinery space
equipment of ships of gross tonnage less than 500,
unless otherwise indicated, as well as those of berth-
connected ships shall comply with the requirements of
Sections 1 to 4 and 9 of the present Part and Part IX
"Machinery" in so much as applicable and sufficient.

The requirements for machinery installations of
polar class ships (refer to 2.2.3.1, Part I "Classifica-
tion") are set forth in Section 1, Part XVII
"Distinguishing Marks and Descriptive Notations in
the Class Notation Specifying Structural and Opera-
tional Particulars of Ships".

1.1.2 The requirements of the present Part are set
forth proceeding from the condition that the flash
point of fuel oil (refer to 1.2, Part VI "Fire
Protection") used in ships of unrestricted service for
the engines and boilers is not below 60 °C and the
flash point of fuel for emergency generator engines,
not below 43 °C.

In ships certified for restricted service within
areas having a climate ensuring that ambient
temperature of spaces where such fuel oil is stored
will not rise to within 10 °C below its flash point may
use fuel oil with flash point not less than 43 °C. In this
case, measures shall be taken to ensure checking and
maintenance of the above condition.

The use of fuel having a flashpoint of less than
43 °C may be permitted for cargo ships only subject
to the approval by the Register of the complete
installation.

Such fuel shall not be stored in any machinery
space.

Crude oil and slops may be used as boiler fuel in
oil tankers. The conditions of such use are stated
under 13.11, Part VIII "Systems and Piping".

1.2 DEFINITIONS AND EXPLANATIONS

1.2.1 Definitions and explanations relating to
general terminology of the Rules are given in Part |
"Classification".

The following definitions, as adopted in the present
Part, are equally applicable for the purpose of Part VIII
"Systems and Piping" and Part IX "Machinery".

Auxiliary active means of the ship’s
steering is a propulsion and steering unit ensuring
propulsion and steering of a ship at low speed or steering
of a ship at zero speed when the ship is equipped with
main means of propulsion and steering, and is used
either in combination with the latter or when the main
means of propulsion and steering are inoperative.

Auxiliary machinery is the machinery
necessary for the operation of main engines, supply
of the ship with electric power and other kinds of
energy, as well as functioning of the systems and
arrangements subject to survey by the Register.

Among the essential auxiliary machinery are:

a generating set, which serves as a main source of
electrical power;

steam supply source;

condensate pump and arrangements used for
maintaining vacuum in condensers;

the mechanical air supply for boilers;

an air compressor and receiver for starting or
control purposes;

as well as machinery ensuring operation or
functioning of:

boiler feed water systems;

the fuel oil supply systems for boilers or engines;

the sources of water pressure;

the hydraulic, pneumatic or electrical means for
control in main propulsion machinery including
controllable pitch propellers.

Exit is an opening in bulkhead or deck
provided with closing means and intended for the
passage of persons.

Means of escape comprise the escape
routes leading from the lowest part of the machinery
space floor plates to the exit from that space.

Main active means of the ship’s
steering is a propulsion and steering unit being
part of the propulsion plant.

Main machinery is the machinery being
part of the propulsion plant.

Technical condition diagnosis is a
process of establishing causes for the deviation of
diagnostic parameters when performing condition
monitoring and/or detecting malfunctions, as a rules,
by stripless methods in order to provide maintenance
and repair on the actual condition basis.

Remote control is the changing of the
speed and direction of rotation as well as starting and
stopping of the machinery from a remote position.
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Engine room is a machinery space intended
for the main engines and, in the case of ships with
electric propulsion plants, the main generators.

Machinery spaces are all machinery spaces
of category A and all other spaces containing main
machinery, shafting, boilers, fuel oil units, steam and
internal combustion engines, generators and other
major electrical machinery, fuel oil filling stations,
ventilation and air-conditioning installations, refrige-
rating plants, steering engines, stabilizing equipment
and similar spaces, and trunks to such spaces.

Machinery spaces of category A are
those spaces and trunks to such spaces, which contain:

internal combustion machinery used for main
propulsion; or

internal combustion machinery used for purposes
other than main propulsion where such machinery
has in the aggregate a total power output of not less
than 375 kW; or

oil-fired boilers or fuel oil units.

Local control station is a control station
fitted with controls, indicators, means of commu-
nication (if necessary), located in proximity to, or
directly on, the engine.

Torsional vibration stresses are stres-
ses resulting from the alternating torque, which is
superimposed on the mean torque.

Dead ship condition (as well as
black out) is a condition, under which the main
propulsion plant, boilers and auxiliaries are not in
operation and in restoring the propulsion, no stored
energy for starting the propulsion plant, the main
source of electrical power and other essential
auxiliaries shall be assumed available. It is assumed
that means are available to start the emergency
generator at all times.

Equipment comprises all types of filters, heat
exchangers, tanks and other arrangements ensuring
normal operation of a machinery installation.

Common control station is a control
station intended for simultaneous control of two or
several main engines and fitted with indicating instru-
ments, alarm devices and means of communication.

Cargo control room (CCR) is a room
or part thereof where the control, monitoring means
and alarm devices, related to performance of cargo
handling operations are located; and onboard the
tankers, in addition, means for monitoring and alarm
of cargo, ballast, atmosphere parameters of cargo
and ballast tanks and cargo pump rooms as well as
discharge of oil containing and flushing water.

Technical condition prediction is a
process of determining causes for the changes in
control item for the forthcoming time period, based
on the trend of the diagnostic parameter values
during the preceding time period.

Propulsion plant is the totality of machin-
ery and arrangements intended for generating,
converting and transmitting power ensuring propul-
sion of the ship at all specified rates of speed and
comprising propellers, shafting, main gearing and
main machinery, including electric propulsion motors.

Rated power means the maximum contin-
uous (not time-limited) power adopted in calculations
under the Rules and stated in documents issued by
the Register.

Rated speed means the speed corresponding
to the rated power.

Technical condition monitoring
system is a complex of inspection facilities and
actuators interacting with the control item on
demand set forth by the appropriate documentation.
The condition monitoring system provides for the
identification of the type of the item technical
condition and systematic observation (tracing) of its
change on the basis of measurement of the controlled
(diagnostic) parameters and comparison of these
values with the set standards.

Fuel oil unit is any equipment used for the
preparation and delivery of fuel oil (heated or
unheated) to boiler, inert gas generator or engine
(including gas turbines) and includes any fuel oil
pumps, separators, filters and heaters at a pressure of
more than 0,18 MPa.

Fuel oil transfer pumps are not considered as fuel
oil units.

Main machinery control room is a
space containing the remote controls of main and
auxiliary machinery, CP-propellers, main and aux-
iliary AMSS, indicating instruments, alarm devices
and means of communication.

Trend in diagnostic parameter
(parameter trend) is a time history of the
diagnostic parameter shown graphically or in other
form (previous history of the parameter change).

1.3 SCOPE OF SURVEYS

1.3.1 General provisions covering the procedure
of classification and surveys during construction and
in service are stated in the General Regulations for
the Classificaiton and Other Activity and in Part |
"Classification".

1.3.2 Survey by the Register, including the
approval of technical documentation according to
3.2.8, Part I "Classification", shall cover the follow-
ing parts and components:

.1 shafting as assembled, including propeller shaft
with liners and waterproof coatings, shaft bearings,
thrust blocks and sterntube bearings, couplings,
sterntube seals;
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Table 1.3.2.3
Parts to be supervised
Chap-
ter of
Nos Item Material %}ﬁ
"Mate-
rials"
1 Shafting
1.1 Intermediate, thrust and | Forged steel 3.7
propeller shafts
1.2 Propeller shaft liners Copper alloy 4.1
Corrosion-resistant |, = g
steel £ E &l
S5
O =
1.3 Half-couplings Forged steel 3.7
Cast steel 3.8
1.4 Coupling bolts Forged steel 3.7
1.5 Sterntubes Rolled steel 32
Cast steel 3.8
Forged steel 3.7
Cast iron 39
1.6 Sterntube and strut bushes | Cast steel 3.8
Copper alloy 4.2
Forged steel 3.7
Cast iron 39
3.10
1.7 Lining of sternbush bearing | Non-metallic § E .L;
materials = &‘3"
Metal alloys 5 E%
1.8 Thrust block casing Rolled steel 32
Cast steel 3.8
Cast iron 39
2 Propellers
2.1 Solid propellers Cast steel 3.12
Copper alloy 4.2
2.2 Built propellers
2.2.1 | Blades Cast steel 3.12
Copper alloy 4.2
2.2.2 | Boss Cast steel 3.12
Copper alloy 4.2
2.2.3 | Bolts (studs) for securing of | Copper alloy 4.1
blades, hub cones and seals | Forged steel 3.7
2.3 Hub cones Cast steel 3.12
Copper alloy 4.1
4.2
24 CPP sliding shoes in ice | Forged steel 3.7
ships of ice categories Arcd4 | Cast steel 3.8
to Arc9 and icebreakers
2.5 Casings of main AMSS in
ice ships of ice categories
Arc4 to Arc9 and icebreakers

Notes: 1. The materials shall be selected in accordance with 2.4.

2. All shafts (propeller, thrust, intermediate), propeller
blades shall be subjected to non-destructive tests when manu-
factured. The methods, standards and scope of such tests shall be
agreed with the Register.

3. The nomenclature and material of the CPP components:
crank pin rings, sliding shoes (other than those given under item
2.4), push-pull rods; hydraulic cylinders, etc., as well as the AMSS
parts (other than those given under item 2.5) are subject to special
consideration of the Register in each case.

.2 propellers, inclusive vertical-axis propellers
and jets, steerable propellers, athwartship thrusters
and propulsive systems of active rudders, pitch
control units, oil distribution boxes and control
systems of propellers;

.3 parts indicated in Table 1.3.2.3 and the
corresponding spare parts specified in 10.2.

1.3.3 Subject to survey by the Register is the
assembling of the machinery space equipment and
testing of the following components of the machinery
installation:

.1 main engines with reduction gears and
couplings;

.2 boilers, heat exchangers and pressure vessels;

.3 auxiliary machinery;

.4 control, monitoring and alarm systems of the
machinery installation;

.5 shafting and propellers;

.6 active means of the ship’s steering.

1.3.4 After assembling of machinery, equipment,
systems and piping arrangements on board the ship,
the machinery installation shall be tested in operation
under load according to the program approved by the
Register.
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2 GENERAL REQUIREMENTS

2.1 POWER OF MAIN MACHINERY

2.1.1 The power of main machinery in ice-
breakers shall be consistent with their category
according to 2.2.3, Part I "Classification".

In ships strengthened for navigation in ice of
categories Ice2 to Arc9 the power delivered to the
propeller shaft P,;,, in kW, shall not be less than

Proin = f1f2f3(faA + Py) (2.1.1)

where f; = 1,0 for fixed pitch propellers;

f1 =09 for propulsion plants with controllable pitch
propellers or electric drive;

f> =¢/200+0,675, but not more than 1,1:

¢ =slope of stem (refer to 3.10.1.2, Part I "Hull").

f>» =1,1 for a bulbous stem;
the product ff> shall be taken in all cases not less
than 0,85;

fs =12 B/A , but not less than 1,0;

B = breadth of the ship, m;

A =ship’s displacement to the summer load waterline
(refer to 1.2.1, Part III "Equipment, Arrangements
and Outfit"), t;
calculating P, for ships strengthened for naviga-
tion in ice of Ice2 and Ice3 categories A need not be
taken more than 80000 t;

f4and Py are given in Table 2.1.1.

Irrespective of the results obtained in calculating
shaft power by Formula (2.1.1), it shall not be less
than:

10000 kW for ice category Arc9;

7200 kW for ice category ArcS;

5000 kW for ice category Arc7,

3500 kW for ice category Arc6;

2600 kW for ice category Arc5;

1000 kW for ice category Arcd,

740 kW for ice categories Ice3, Ice2.

In well-grounded cases minimum power values
may be reduced. These cases are subject to special
consideration by the Register.

2.1.2 In icebreakers and ships with ice strengthen-
ing of categories Arcé to Arc9, turbines and internal
combustion engines with mechanical transmission of
power to the propeller may be utilized as main engines,
provided use is made of the devices to protect turbines,

reduction gears of gas-turbine geared sets and diesel-
engine geared sets against the loads exceeding the
design torque determined with regard to operation of
such ships under ice conditions in compliance with the
requirements of 4.2.3.2, Part IX "Machinery".

2.1.3 Propulsion plant shall provide sufficient
astern power to maintain manoeuvring of the ship in
all normal service conditions.

2.1.4 Propulsion plant shall be capable of
maintaining in free route astern at least 70 per cent
of rated ahead speed for a period of at least 30 min.

By the rated ahead speed is meant a speed
corresponding to the maximum continuous power of
the main machinery.

The astern power shall be sufficient to take way
off a ship making a full ahead speed on an agreeable
length, which must be confirmed during trials.

2.1.5 In propulsion plants with reversing gears or
CP-propellers as well as in electric propulsion plants,
precautions shall be taken against possible overload
of main engines in excess of permissible values.

2.1.6 Means shall be provided to ensure that the
machinery may be brought into operation from the
dead ship condition without external aid (refer to
16.2.3, Part VIII "Systems and Piping").

On ships where internal combustion engines are
started by compressed air, the set of equipment for
starting shall ensure the supply of air in quantity
sufficient for the initial start without external aid.

Where the ship is not fitted with an emergency
generator, or an emergency generator does not
comply with the requirements specified under 2.9.4,
Part IX "Machinery", the means for bringing main
and auxiliary machinery into operation shall be such
that the initial charge of starting air or initial
electrical power and any power supplies for engine
operation can be developed on board ship without
external aid. If for this purpose an emergency air
compressor or an electric generator is required, the
machinery shall be powered by a hand-starting ICE
or a hand-operated compressor.

Table 2.1.1
Displacement Value Ice strengthening category
At Ice2 Ice3 Arc4 ArcS Arc6 Arc7 Arc8 Arc9
A < 30000 fa 0,18 0,22 0,26 0,3 0,36 0,42 0,47 0,5
Py, kKW 0 370 740 2200 3100 4000 5300 7500
A>30000 fa 0,11 0,13 0,15 0,2 0,22 0,24 0,25 0,26
Py, kW 2100 3070 4040 5200 7300 9400 11600 14700
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List, motions and trim'-

Table 2.3.1-1

Steady list either way

List either way under

Steady trim by bow or

Dynamic inclination by

Machinery and equipment under static conditions | dynamic conditions stern bow or stern (pitching)
(rolling)
Main and auxiliary machinery 15,0 22,5 5,0* 7,5
Emergency machinery and 22,53 22,53 10,0 10,0

equipment (emergency power
installations, emergency fire pumps
and their devices)

!'Steady list and trim shall be taken into account simultaneously. Rolling and pitching are also to be considered simultaneously.
2 On agreement with the Register, the values of inclinations may be altered depending on the type and dimensions of the ship and its

service conditions as well.

3In gas carriers and chemical tankers emergency power sources shall remian operative when the ship is listed up to 30 deg.
4 Where the length of the ship exceeds 100 m, the static trim by bow or stern may be taken as (500/L)° where L is the length of the

ship, in m, as defined in 1.1.3, Part II "Hull".

The emergency generator and other means
needed to restore the propulsion shall have a capacity
such that the necessary propulsion starting energy is
available within 30 min of black out/dead ship
condition (refer to 1.2).

Emergency generator stored starting energy shall
not be directly used for starting the propulsion plant,
the main source of electrical power and/or other
essential auxiliaries (emergency generator excluded).

For steam ships, the 30 min time limit may be
interpreted as time from black out/dead ship condi-
tion to light-off of the first boiler.

2.1.7 In the event of failure of one or all
turbochargers (refer to 2.5.1, Part IX "Machinery")
the machinery installation with one main internal
combustion engine shall provide the ship speed at
which the steerability of the ship is maintained. The
main engine shall provide not less than 10 per cent of
the rated power.

2.1.8 The power of main machinery in ships of
river-sea navigation shall provide the ahead speed in
load condition of at least 10 knots in calm water.

2.1.9 Supercharged high-speed engines (over
750 rpm), which increased noise level makes direct
local control difficult, may be admitted by the Register
for use as main engines in sea-going ships, if provision
is made for remote control and monitoring so that
constant presence of the attending personnel in the
engine room will not be necessary.

The control and monitoring facilities shall comply
with the requirements of Part XV "Automation".

2.1.10 In the case of ships with twin hulls, the
failure of the machinery installation of one hull will
not put the machinery installation of the other hull
out of action.

2.1.11 Long run of the propulsion plant at all
specified rates during its operation under the condi-
tions corresponding to the assigned class shall not
lead to the overload. The substantiation of the
required power is subject to special consideration
by the Register.

2.2 NUMBER OF MAIN BOILERS

2.2.1 In general, not less than two main boilers shall
be fitted in ships of unrestricted service. The possibility of
using a steam power plant with one main boiler shall be
considered by the Register in each case.

2.3 ENVIRONMENTAL CONDITIONS

2.3.1 The machinery, equipment and systems
installed in the ship shall remain operative under
environmental conditions stated in Tables 2.3.1-1 and
2.3.1-2, unless provided otherwise in the other parts
of the Rules.

Sea water temperature is assumed to be equal to
32°C. For ships designed for geographically re-
stricted service other temperatures may be adopted
on agreement with the Register.

Table 2.3.1-2
Air temperature

Installed location Temperature range, °C

In enclosed spaces 0to + 45
Machinery or boilers in spaces subject
to temperatures exceeding 45°C and
below 0°C

According to specific
local conditions

On the open deck —25to + 45

Note. For ships intended for geographically restricted
service other temperatures may be adopted on agreement with
the Register.
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2.4 MATERIALS AND WELDING

2.4.1 Materials for the manufacture of parts of
the shaftings and propellers shall comply with the
requirements given in the relevant chapters of
Part XIIT "Materials", as indicated in column 4,
Table 1.3.2.3. The materials used for the components
of shafting stated in item 1.7, Table 1.3.2.3 are chosen
in accordance with the standards. The materials used
for the components of shafting and propellers stated
in items 1.2 to 1.6, 1.8, 2.2.3 and 2.3, Table 1.3.2.3
may also be chosen in accordance with the relevant
standards. In such case, the application of materials
shall be agreed with the Register when examining the
technical documentation.

Materials used for the components (semi-finished
products) indicated in items 1.1, 2.1, 2.2.1 and 2.2.2,
Table 1.3.2.3 shall be surveyed by the Register during
manufacture; survey of materials used for other
components in said Table may be required at the
option of the Register.

2.4.2 Intermediate, thrust and propeller shafts
shall generally be made of steel with tensile strength
R,, between 400 and 800 MPa.

2.4.3 The mechanical properties and chemical
composition of materials used for the manufacture of
propellers shall be in compliance with 3.12 and 4.2,
Part XIII "Materials". Whereas steel of martensitic
grade is permitted for the manufacture of propellers for
ships of all types, steel of austenitic grade is permitted
for the manufacture of propellers for ships without ice
strengthening. The possibility to use carbon steel for the
manufacture of propellers is subject to special con-
sideration by the Register considering the requirements
of 3.8, Part XIII "Materials".

Copper alloys of Type CU3 and Type CU4 are
admitted for propellers in all ships, except icebreakers
and ships with ice categories Arc7 to Arc9; copper
alloys of Type CU1 and Type CU2 may be used
exclusively for propellers in ships without ice
strengthening and in ships with ice strengthening of
categories Icel to Ice3.

2.4.4 Where it is intended to make shafting and
propellers of alloy steels, including corrosion-resis-
tant and high strength steels, data on chemical
composition, mechanical and special properties,
confirming suitability of the steel for intended
application, shall be submitted to the Register.

2.4.5 Intermediate, thrust and propeller shafts as
well as coupling bolts (studs) may be made of rolled
steel in accordance with 3.7.1, Part XIII "Materials".

2.4.6 Securing and locking items of propeller
blades, hub cones, sterntubes, sternbushes and

sealings shall be made of corrosion-resistant mate-
rials.

2.4.7 Welding procedure and non-destructive
testing of welded joints shall comply with the
requirements of Part XIV "Welding".

2.4.8 For all ships, new installation of materials
which contain asbestos shall be prohibited in
machinery installations, machinery and equipment
covered by the requirements of Part VI "Fire
Protection", Part VII "Machinery Installations",
Part VIIT "Systems and Piping", Part IX "Machi-
nery", Part X "Boilers, Heat Exchangers and Pressure
Vessels" and Part XII "Refrigerating Plants" except
for:

.1 impellers used in rotary vane compressors and
rotary vane vacuum pumps;

.2 watertight joints and linings used for the
circulation of fluids when, at a temperature in excess
of 350 °C or pressure in excess of 7 MPa, there is a
risk of fire, corrosion or toxicity; and

.3 supple and flexible thermal insulation assem-
blies used for temperatures above 1000 °C.

2.5 INDICATING INSTRUMENTS

2.5.1 All the indicating instruments, with the
exception of liquid-filled thermometers, shall be
checked by competent bodies.

Pressure gauges fitted on boilers, heat exchan-
gers, pressure vessels and refrigerating plants shall
meet the requirements of 3.3.5 and 6.3.8, Part X
"Boilers, Heat Exchangers and Pressure Vessels" and
7.1, Part XII "Refrigerating Plants", respectively.

2.5.2 The tachometer accuracy shall be within
+2,5 per cent. With restricted speed ranges, the
accuracy shall not be below 2 per cent, and the ranges
shall be marked with bright colour on the scales of
tachometers or in another way.

2.6 APPLICATION OF THE RELIABILITY MEASURES
OF THE MACHINERY INSTALLATIONS

2.6.1 The reliability measures are established and
specified during design and/or order of the machinery
installation components by agreement of the appro-
priate technical documentation between the customer
(shipowner) and the designer or supplier. The specific
list of the reliability measures to be determined shall
be established for each type of products with regard
to the peculiarities of its application, failure effects,
maintenance and repair system adopted.
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3 CONTROL DEVICES AND STATIONS. MEANS OF COMMUNICATION

3.1 CONTROL DEVICES

3.1.1 Main and auxiliary machinery essential for
the propulsion, control and safety of the ship shall be
provided with effective means for its operation and
control. All control systems essential for the propul-
sion, control and safety of the ship shall be
independent or so designed that failure of one of
them does not degrade the performance of another.

3.1.2 The starting and reversing arrangements
shall be so designed and placed that each engine can
be started or reversed by one operator.

3.1.3 Proper working direction of control handles
or handwheels shall be clearly indicated by arrows
and relevant inscriptions.

3.1.4 The setting of manoeuvring handle in the
direction from, or to the right of, the operator, or
turning the handwheel clockwise, when controlling
the main engines from the navigating bridge, shall
correspond to the ahead speed direction of the ship.

In the case of control stations, from which only
the stern is visible, such a setting shall correspond to
the direction of astern speed of the ship.

3.1.5 Control arrangements shall be so designed
as to eliminate the possibility of spontaneously
changing the positions prescribed.

3.1.6 The control devices of main engines shall have
an interlocking system to preclude starting of the main
engine, with a mechanical shaft-turning gear engaged.

3.1.7 It is recommended to provide an interlocking
system between the engine-room telegraph and the
reversing and starting arrangements so as to prevent
the engine from running in the direction opposite to the
prescribed one.

3.1.8 The main engine remote control system,
with control from the bridge, shall be designed so as
to provide an alarm in the event of failure. As far as
practicable, the present propeller speed and thrust
direction shall remain unchanged until control is
transferred to a local station. Among other factors,
the loss of power supply (electric, pneumatic or
hydraulic power) shall not substantially affect the
power of main engines or change the direction of
propeller rotation.

3.1.9 The propulsion machinery remote control
system with control from the wheel house shall be
independent from the other order transmission
system; however, one manoeuvring handle for
systems may be accepted.

3.1.10 It shall be possible to control the propul-
sion machinery from the local control station, in the

event of a failure of any unit of the remote control
system.

3.1.11 For ships of river-sea navigation the
duration of reversing (a period of time from the
reversing of a steering control to the beginning of
propeller operation with a thrust opposite in direc-
tion) shall not exceed:

25 s at full speed,

15 s at slow speed,

depending on the ship’s speed.

3.2 CONTROL STATIONS

3.2.1 The bridge control stations of main engines
and propellers, as well as the main machinery control
room, with any type of remote control, shall be
equipped with:

.1 controls for the operation of main engines and
propellers. For installations comprising CP-propellers,
vertical axis and similar type propellers, the navigating
bridge may be equipped with means for remote control
of propellers only. In such case, the alarm for low
pressure of starting air, prescribed by 3.2.1.10, need not
be provided;

.2 shaft speed and direction indicators if a fixed
pitch propeller is installed; shaft speed and blade
position indicators if the controllable pitch propeller
is installed; main engines speed indicator if the
disengaging coupling is provided;

.3 indicating means to show that the main machinery
and remote control systems are ready for operation;

.4 indicating means to show which station is in
control of the main propulsion machinery;

.5 means of communication (refer to 3.3);

.6 main engine emergency stop device, indepen-
dent of the control system.

If disengaging couplings are provided for dis-
connection of main machinery from propellers, it is
permissible that emergency shut-off of these cou-
plings only is effected from the navigating bridge;

.7 device to override the automatic protection
covering full range of parameters except those
parameters which being exceeded, may result in
serious damage, complete failure or explosion;

.8 indication for the override operation, alarms
for activation of protection devices and the emer-
gency stop;

.9 alarm for minimum oil pressure in pitch
control system; overload alarm where the main
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engine operates with a CP-propeller, unless the
recommendation of 6.5.3 is fulfilled;

.10 alarm for low starting air pressure, set at a
level which still permits three starting attempts of
reversible main engines duly prepared for operation.

.11 device to remote shut-off fuel oil supply to
each engine for multi-engine installations in case
where the fuel oil is supplied to all the engines from a
single supply source (refer to 13.8.3.2, Part VIII
"Systems and Piping");

.12 speed repeater.

3.2.2 The control stations on the wings of
navigating bridge shall be equipped with devices of
waterproof construction with controlled illumina-
tion. The control stations provided on the wings of
the navigating bridge need not meet the requirements
of 3.2.1.3, 3.2.1.5, 3.2.1.7 to 3.2.1.10.

3.2.3 The emergency stop devices of main engine
and the overrides of automatic controls shall be so
constructed that inadvertent operation of such
devices is not possible.

3.2.4 For the installations which consist of
several main engines driving a single shafting, there
shall be provided a common control station.

3.2.5 With a remote control system in use,
provision shall also be made for local control of
main engines and propellers. Where, however,
mechnaical linkage is fitted for remote-controlling
the main engine, the local controls may be dispensed
with on agreement with the Register.

3.2.6 Remote control of main machinery and
propellers shall be performed only from one location.
The transfer of control between the navigating bridge
and engine room shall be possible only in the engine
room and the main machinery control room. The
means of transfer shall be so designed as to prevent
the propelling thrust from altering significantly.

Where the control stations are arranged on the
wings of navigating bridge, the remote control of the
main machinery shall be possible from one control
station only. Such control stations may be equipped
with interconnected controls.

3.2.7 Main engines shall be remotely operated
from the wheelhouse by means of a single control
element per propeller. In installations with
CP-propellers, systems with two control elements
may be used.

3.2.8 The sequence of the main engine operation
modes assigned from the wheelhouse, including reversal
from the full ahead speed in case of emergency, shall be
controlled with the time intervals admissible for main
engines. The modes assigned shall be indicated at the
main machinery control room and at the local control
station of the main engine.

3.2.9 Main machinery control rooms of floating
docks shall comprise the following equipment:

.1 controls of the pumps, including the suction
and overboard discharge fittings of ballast system;

.2 recording devices for heel, trim and deflection
control of the dock;

.3 signals indicating the operation of pumps and
the position ("open", "closed") of suction and
discharge valves of the ballast system;

.4 alarms on limit values of list and trim;

.5 water level indicators of ballast compartments;

.6 dock’s communication facilities.

3.2.10 CCR shall be located as far from the
machinery spaces as practicable. Onboard the tan-
kers the CCR shall be arranged according to 2.4.9,
Part VI "Fire Protection".

Furthermore, arrangement of CCR onboard
chemical tankers shall comply with the requirements
of Section 3, Part II "Structure of Chemical Tanker"
of the Rules for the Classification and Construction
of Chemical Tankers, and for gas carriers — the
requirements of Section 9, Part VI "Systems and
Pipelines" of the Rules for the Classification and
Construction of Gas Carriers.

3.2.11 If CCR is provided on board the ship with
assigning the distinguishing mark CCO (refer to
2.2.18, Part I "Classification") added to the character
of classification, besides compliance with the require-
ments of 3.2.10, CCR shall be equipped with:

.1 means of communication according to 3.3.2;

.2 control means of:

.2.1 cargo, stripping and ballast pumps;

.2.2 fans servicing cargo area spaces or cargo
holds;

2.3 remotely controlled fittings of cargo and
ballast systems;

.2.4 hydraulic system pumps (if provided);

.2.5 inert gas system;

.2.6 pumps and fittings of heeling system (if
provided);

.3 means for monitoring of:

.3.1 pressure in cargo manifolds;

.3.2 pressure in the manifold for vapour emission
system (if provided);

3.3 temperature in cargo and settling tanks;

3.4 temperature and pressure of warming med-
ium in the cargo heating system;

.3.5 actual value of ship’s heel, trim and
draught;

.3.6 actual value of level in the cargo and ballast
tanks;

.4 alarm devices on:

4.1 fire alarm;

4.2 exceeding of cargo temperature in cargo
holds;

4.3 high and low levels in cargo, ballast and
settling tanks;

.4.4 extreme high level in cargo tanks;
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4.5 exceeding of permissible pressure in cargo
manifolds of vapour emission system (80 per cent of
pressure for actuating of high-velocity devices);

.4.6 exceeding the permissible fuel oil content in
the discharge ballast and flushing water;

.4.7 exceeding the permissible temperature of pump
casing according to 5.2.6, Part IX "Machinery";

.4.8 increasing of gland and bearing temperature
at bulkhead penetrations of pump shafts as per 4.2.5;

4.9 availability of cargo in segregated ballast
tanks (for chemical tankers);

.4.10 increasing of level in the bilgeways of cargo
pump rooms;

.4.11 parameters of inert gas system in compli-
ance with 9.16.7.6, Part VIII "Systems and Piping";

.4.12 status of technical aids stipulated in 3.2.10;

.4.13 low water level in deck water seal (refer to
9.16.5, Part VIII "Systems and Piping").

3.2.12 In ships carrying liquid gas in bulk, means
for monitoring and alarm shall be additionally
provided in CCR to meet the requirement of
Part VIII "Instrumentation" of the Rules for the
Classification and Construction of Gas Carriers.

3.2.13 In ships carrying dangerous chemical
cargo in bulk, the signalling shall be additionally
provided in CCR to meet the requirements of 6.6,
Part VIII "Instrumentation" of the Rules for the
Classification and Construction of Chemical Tan-
kers.

3.3 MEANS OF COMMUNICATION

3.3.1 At least two independent means shall be
provided for communicating orders from the navi-
gating bridge to the position in the machinery space
or in the control room, from which the speed and

direction of thrust of the propellers are normally
controlled.

One of these shall be an engine-room telegraph,
which provides visual indication of the orders and
responses both in the machinery spaces and on the
navigating bridge and which is fitted with a sound
signal clearly audible in any part of the engine room
while the machinery is at work, and distinct in tone
from all other signals in the machinery space (refer
also to 7.1, Part XI "Electrical Equipment").

Appropriate means of communication shall be
provided from the navigating bridge at the engine
room to any other position, from which the speed or
direction of thrust of the propellers may be con-
trolled.

A single voice-communication device serving two
control stations located in close proximity is permis-
sible.

3.3.2 Two-way communication shall be provided
between the engine room, auxiliary machinery spaces
and boiler room. Onboard the ships equipped with
CCR, two-way communication between CCR and
navigating bridge, between CCR and the spaces,
where cargo and ballast pumps are located, shall be
additionally provided.

3.3.3 When installing a voice-communication
device, measures shall be taken to ensure clear
audibility, with the machinery at work.

3.3.4 Main machinery control rooms of floating
docks shall have means of communication in
accordance with 19.8, Part XI "Electrical Equip-
ment".

3.3.5 In the case of ships with twin hulls,
provision shall be made for vocal communication
between local control stations of the hulls in addition
to communication between local control stations and
the common control station in the wheelhouse and
the main machinery control room.
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4 MACHINERY SPACES, ARRANGEMENT OF MACHINERY AND EUIPMENT

4.1 GENERAL

4.1.1 Ventilation of machinery spaces shall
comply with the requirements of 12.5, Part VIII
"Systems and Piping".

4.1.2 Machinery spaces with dual-fuel engines
shall be fitted with gas concentration sensors and the
ultimate concentration level alarm system.

4.1.3 The ventilation of machinery spaces shall be
sufficient under normal conditions of ship operation
to prevent accumulation of oil product vapour.

4.2 ARRANGEMENT OF MACHINERY AND EQUIPMENT

4.2.1 Engines, boilers, equipment, pipes and
fittings shall be so arranged as to provide easy access
for servicing and repair; the requirements stated in
4.5.3 shall also be met.

4.2.2 The arrangement of boilers shall be such
that the distance between boilers and fuel tanks is
sufficient for a free circulation of air necessary to
keep the temperature of the fuel in the tanks below its
flash point except as mentioned in 13.3.5, Part VIII
"Systems and Piping".

4.2.3 Where auxiliary boilers are installed in the
same space with the internal combustion engines,
their furnaces shall have metallic screens or other
arrangements to protect the equipment of that space
if flame is accidentally blown out from the furnace.

4.2.4 The auxiliary oil-fired boilers installed on
platforms or on ’tween decks in non-watertight
enclosures shall be protected by oil-tight coamings
at least 200 mm in height.

4.2.5 Driving machinery of the pumps and fans
in the cargo pump rooms of oil tankers, combina-
tion carriers designed for the carriage of oil
products with a flash point 60°C or less and of
oil recovery vessels shall be installed in spaces fitted
with mechanical ventilation and having no exits
leading to the cargo pump rooms.

Driving machinery of the submerged pumps are
allowed to be installed in the open deck, provided
their design and location comply with the require-
ments of 19.2.4.1.4 and 19.2.4.9, Part XI "Electrical
Equipment".

Steam engines with working temperatures not
exceeding 220°C and hydraulic motors may be
installed in cargo pump rooms.

Drive shafts of pumps and fans shall be carried
through bulkheads or decks in gastight sealing glands

supplied with effective lubrication from outside the
pump room. As far as practicable, the construction of
sealing gland shall protect it against being over-
heated.

Those parts of gland, which may come in contact
in case of eventual disalignment of drive shaft, or
damage to the bearings, shall be made of such
materials, which will not initiate sparks.

If bellows are incorporated in the design, they
shall be subjected to test pressure before fitting.

Cargo pumps, ballast pumps and stripping
pumps, installed in cargo pump-rooms, as well as in
ballast pump-rooms where cargo containing equip-
ment is fitted, and driven by shafts passing through
pump-room bulkheads shall be fitted with tempera-
ture sensing devices for bulkhead shaft glands,
bearings and pump cassings.

Alarm shall be initiated in the cargo control
room or the pump control station.

4.2.6 Air compressors shall be installed in such
places where air is least contaminated by vapours of
combustible liquids.

4.2.7 Fuel oil units (refer to 1.2) as well as hydraulic
units containing flammable liquids with working
pressure above 1,5 MPa and not being a part of main
and auxiliary engines, boilers, etc., shall be placed in a
separate rooms with self-closing steel doors.

If it is impracticable to locate the main compo-
nents of such units and systems in a separate space,
special consideration shall be given with regard to
shielding of the components and location, contain-
ment of possible leakages.

4.2.8 Requirements for the arrangement of
emergency diesel-generators are outlined in 9.2,
Part XI "Electrical Equipment".

4.2.9 In oil recovery ships, the internal combus-
tion engines, boilers and equipment containing
sources of ignition as well as relevant air inlets shall
be installed in intrinsically safe spaces (refer to 19.2,
Part XI "Electrical Equipment™).

4.2.10 A blowdown gas caps fitted with gas fuel
leakage detectors shall be installed above the dual-
fuel internal combustion engines (refer to 9.1,
Part IX "Machinery").

4.3 ARRANGEMENT OF FUEL OIL TANKS

4.3.1 In general, fuel oil tanks shall be part of the
ship’s structure and shall be located outside machin-
ery spaces of category A. Where fuel oil tanks, other
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than double bottom tanks, are necessarily located
adjacent to or within machinery spaces of category A,
their surfaces in machinery spaces shall be kept to a
minimum and shall preferably have a common
boundary with the double bottom tanks. Where such
tanks are situated within the boundaries of machinery
spaces of category A, they shall not contain fuel oil
having flash point less than 60 °C. In general, the use
of free standing fuel oil tanks shall be avoided.

Service fuel oil tanks shall comply with the
requirements of 13.8.1, Part VIII "Systems and Piping".

4.3.2 Where the use of free standing fuel oil tanks is
permitted by the Register, they shall be placed in oil-
tight spill trays, and on passenger ships and special
purpose ships carrying more than 50 special personnel,
outside machinery spaces of category A as well.

4.3.3 Fuel oil tanks shall not be located
immediately above the machinery and equipment
with surface temperature under insulation over
220 °C, boilers, internal combustion engines, elec-
trical equipment and, as far as practicable, shall be
arranged far apart therefrom.

4.3.4 The arrangement of fuel oil and lubricating
oil tanks in way of accommodation, service and
refrigerated spaces is permitted, provided they are
separated by cofferdams. Dimensions and structure
of cofferdams — refer to 2.7.5.2, Part 11 "Hull".

On the agreement with the Register and provid-
ing the initiation of special measures, it may be
permitted to separate the above compartments and
spaces from the tanks without cofferdams.

Arrangement of cofferdam manholes in way of
accommodation and service spaces is not permitted.

4.4 INSTALLATION OF MACHINERY AND EQUIPMENT

4.4.1 The machinery and equipment constituting
the propulsion plant shall be installed on strong and
rigid seatings and securely attached thereto. The
construction of the seatings shall comply with the
requirements of 2.11, Part IT "Hull".

4.4.2 Boilers shall be installed on bearers in such
a way that their welded joints do not rest on the
bearer supports.

4.4.3 To prevent shifting of boilers, provision
shall be made for efficient stops and securing for
rough sea; thermal expansion of boiler structures
shall be taken into account.

4.4.4 The main engines, their gears, thrust
bearings of shafts shall be secured to seatings with
fitted bolts throughout or in part. The bolts may be
omitted, if appropriate stops are provided. Where
necessary, fitted bolts shall be used to fasten auxiliary
machinery to seatings.

4.4.5 The bolts securing the main and auxiliary
machinery and shaft bearings to their seatings, end
nuts of shafts as well as bolts connecting the lengths
of shafting shall be fitted with appropriate lockers
against spontaneous loosening.

4.4.6 Where the machinery shall be mounted on
shock absorbers, the design of the latter shall be
approved by the Register.

Shock absorbing fastenings of the machinery and
equipment shall:

maintain vibration-proof insulation properties
when the absorbed machinery and equipment are
operated in the environmental conditions as per the
requirement of 2.3.1;

be resistant to the corrosive mediums, tempera-
ture and various kinds of radiation;

be equipped with the yielding grounding jumper
of sufficient length to prevent radio reception
interference and comply with the requirements of
safety engineering;

eliminate the interference for operation of other
equipment, devices and systems.

4.4.7 Installation of machinery, mechanical
equipment, ship arrangements and their components
on plastic pads or their assembly with the use of
polymeric materials is subject to special consideration
by the Register. Polymeric materials used for the
pads and assembly shall be agreed with the Register.

4.4.8 The machinery with horizontal arrangement
of the shaft shall be installed parallel to the centre line
of the ship. Installing such machinery in any other
direction is permitted if the construction of machin-
ery provides for operation under the conditions
specified in 2.3.

4.4.9 The machinery for driving generators shall
be mounted on the same seatings as the generators.

4.5 MEANS OF ESCAPE FROM MACHINERY SPACES

4.5.1 Means of escape from machinery spaces,
including ladders, corridors, doors and hatches, shall,
if not expressly provided otherwise, provide safe
escape to the lifeboat and liferaft embarkation decks.

4.5.2 All the doors as well as the covers of
companionways and skylights, which may serve as
means of escape from machinery spaces, shall permit
of opening and closing both from inside and outside.
The covers of companionways and skylights shall be
marked, as appropriate, and bear a clear inscription
prohibiting to stow any loads on them.

Lifts shall not be considered as forming one of
the means of escape.

4.5.3 The main and auxiliary machinery shall be
so arranged as to provide passageways from the
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control stations and servicing flats to the means of
escape from the machinery spaces. The width of
passageways shall not be less than 600 mm over the
whole length. In ships of less than 1000 gross tonnage
the width of passageways may be reduced to 500 mm.
The width of passageways along the switchboards
shall comply with the requirements of 4.6.7, Part XI
"Electrical Equipment".

4.5.4 The width of ladders serving as escape
routes and the width of doors providing access to
embarkation decks shall be at least 600 mm. The
width of ladders in ships of less than 1000 gross
tonnage may be reduced to 500 mm.

4.5.5 In a passenger ship, each machinery space
located below the bulkhead deck shall be provided
with at least two means of escape, which shall comply
with the requirements of either 4.5.5.1 or 4.5.5.2, as
follows:

.1 the means of escape shall consist of two sets of
steel ladders as widely separated as possible, leading to
doors (hatches) in the upper part of the space similarly
separated and satisfying the requirements of 4.5.1. One
of these ladders shall be located within a protected
enclosure that satisfies the requirements of 2.1.4.5,
Part VI "Fire Protection", from the lower part of the
space to a safe position outside the space. Self-closing
fire doors of the same fire integrity standards shall be
fitted in the enclosure. The ladder shall be fixed in such
a way that the heat is not transferred into the
enclosure through non-insulated fixing points. The
protected enclosure shall have minimum internal
dimensions of at least 800 x 800 mm, and shall have
emergency lighting provisions;

.2 the means of escape shall consist of one steel
ladder leading to a door (hatch) in the upper part of
the space and satisfying the requirements of 4.5.1 and
additionally, in the lower part of the space and in a
position well separated from the ladder referred to, a
steel door capable of being operated from each side
and which provides access to a safe escape route from
the lower part of the space in accordance with 4.5.1.

4.5.6 Where the machinery spaces in passenger
ships are above the bulkhead deck, two means of escape
shall be provided, which shall be as widely separated as
possible, and the doors (hatches) leading from such
means of escape shall be in a position satisfying the
requirements of 4.5.1. Where such means of escape
require the use of ladders, these shall be of steel.

4.5.7 In passenger ships of less than 1000 gross
tonnage, the Register may dispense with one of the
means of escape from the spaces specified in 4.5.5 and
4.5.6, due regard being paid to the width and
disposition of the upper part of the space. In ships
of 1000 gross tonnage and above, the Register may
dispense with one means of escape from the above
mentioned spaces, including a normally unattended

auxiliary machinery space, so long as the provisions
of 4.5.1 are satisfied, due regard being paid to the
nature of the space and whether persons are normally
absent in that space.

4.5.8 The second means of escape shall be provided
from the steering gear space in passenger ships when
the emergency steering position is located in that space
unless there is a direct access to the open deck.

Note. The local steering position located in the steering
gear space is considered to be an emergency steering position if a
separate emergency steering position is not provided.

4.5.9 In passenger ships, two means of escape
shall be provided from the main machinery control
room enclosure located within the machinery space,
at least one of which will provide continuous fire
shelter to a safe position outside the machinery space.

4.5.10 In a cargo ship, at least two means of
escape shall be provided from each machinery space of
category A, which shall comply with the requirements
of either 4.5.10.1 or 4.5.10.2, as follows:

.1 the means of escape shall consist of two sets of
steel ladders as widely separated as possible leading
to doors (hatches), from which access is provided to
the open deck. One of these means of escape shall be
located within a protected enclosure that satisfies the
requirements of 2.1.4.5, Part VI "Fire Protection",
from the lower part of the space to a safe position
outside the space. Self-closing fire doors of the same
fire integrity standards shall be fitted in the enclosure.
The ladder shall be fixed in such a way that heat is
not transferred into the enclosure through non-
insulated fixing points. The protected enclosure shall
have minimum internal dimensions of at least
800 x 800 mm, and shall have emergency lighting
provisions;

.2 the means of escape shall consist of one steel
ladder leading to a door (hatch) in the upper part of the
space, from which access is provided to the open deck
and, additionally, in the lower part of the space and in a
position well separated from the ladder referred to, a
steel door capable of being operated from each side and
which provides access to a safe escape route from the
lower part of the space to the open deck.

4.5.11 In cargo ships of less than 1000 gross
tonnage, the Register may dispense with one of the
means of escape from machinery spaces of category
A, due regard being paid to the dimension and
disposition of the upper part of the space. In
addition, the means of escape in these ships need
not comply with the requirements for an enclosure
listed in paragraph 4.5.10.1.

4.5.12 From the steering gear space in cargo ships,
the second means of escape shall be provided when the
emergency steering position is located in that space
unless there is a direct access to the open deck.
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Note. The local steering position located in the steering
gear space is considered to be an emergency steering position if a
separate emergency steering position is not provided.

4.5.13 From each machinery space other than
that of category A, at least two escape routes shall be
provided except for spaces that are entered only
occasionally, and for spaces where the maximum
travel distance to the door (hatch) is 5 m or less.

4.5.14 The escape routes from shaft tunnels and pipe
ducts shall be enclosed in watertight trunks carried to
above the bulkhead deck or the uppermost waterline.

Doors from shaft tunnels and pipe ducts leading
in the machinery spaces and cargo pump rooms shall
comply with the requirements of 7.12, Part III
"Equipment, Arrangements and Outfit".

4.5.15 In oil tankers and combination carriers,
one of the escape routes from pipe ducts situated
below the cargo tanks may lead in the cargo pump
room. Exit in the machinery space is not permitted.

4.5.16 The doors and hatch covers of cargo pump
rooms in oil tankers shall be capable of being opened
and closed both from inside and from outside; their
design shall preclude the possibility of sparking.

4.5.17 Escape routes from cargo pump rooms
shall lead directly to the open deck. Exit to other
machinery spaces is not permitted.

4.5.18 If two adjacent machinery spaces commu-
nicate through a door and each of them has only one
means of escape through the casing, these means of
escape shall be located at the opposite sides.

4.6 INSULATION OF HEATED SURFACES

4.6.1 Surfaces of machinery, equipment and
piping with temperatures above 220 °C, which may
be impinged as a result of a fuel system failure, shall
be properly insulated.

4.6.2 The insulating materials and surface of
insulation shall be in accordance with the require-
ments of 2.1.1.5, Part VI "Fire Protection".

4.6.3 Structural measures shall be taken to
prevent any oil that may escape under pressure from
any pump, filter or heater from coming into contact
with heated surfaces.

5 SHAFTING

5.1 GENERAL

5.1.1 Shafting is a solid unit connecting the engine
with the propeller. Optimum location of the shafting
within the ship space shall be provided to ensure
rational combination of loads of the shafting compo-
nents, its supports and the engine. For this a number of
design, scientific, technical and engineering measures
shall be taken which are unified by a concept "Shafting
alignment" and approved by the Register.

5.1.2 The minimum shaft diameters without
allowance for subsequent turning on lathe during
service life shall be determined by formulae given in
this Section. It is assumed that additional stresses
from torsional vibration will not exceed permissible
values stipulated in Section 8.

Tensile strength of the shaft material shall be not
less than 400 MPa and for shafts which may experience
vibratory stresses close to the permissible stresses for
transient operation — not less than 500 MPa.

Alternative calculation methods are permitted.
These methods shall take into account criteria of
static and fatigue strength and include all the relevant
loads under all permissible operating conditions.

The shaft diameters determined for ships of
restricted navigation areas R2 and R3 according to
5.2.1, 5.2.2 and 5.2.3 may be reduced by 5 per cent.

5.1.3 In icebreakers and ships strengthened for
navigation in ice, the propeller shafts shall be
protected from ice effects.

5.1.4 In ships with no obstruction for the propeller
shaft to slip out of the sterntube, means shall be provided
which, in the event of the propeller shaft breaking, will
prevent its slipping out of the sterntube; alternative
arrangements shall be made to preclude flooding of the
engine room, should the propeller shaft be lost.

5.1.5 The area between the sterntube and
propeller boss shall be protected by a strong casing.

5.2 CONSTRUCTION AND DIAMETERS OF SHAFTS

5.2.1 The design diameter of the intermediate
shaft d;,,, in mm, shall not be less than

dint: F\3/P7/n

where

(5.2.1)

F = factor taken depending on the type of machinery
installation as follows:
95 for installations with main machinery of rotary
type or main internal combustion engines fitted with
hydraulic or electromagnetic couplings;
100 for other machinery installations with internal
combustion engines;

P =rated power of intermediate shaft, kW,

n = rated speed of intermediate shaft, rpm.
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5.2.2 The diameter of thrust shaft in external
bearing on a length equal to thrust shaft diameter on
either side of the thrust collar and, where roller thrust
bearings are used, on a length inside the housing of
thrust bearing, shall not be less than 1,1 times the
intermediate shaft diameter determined by Formu-
las (5.2.1), (5.2.4). Beyond the said lengths the
diameter of the thrust shaft may be tapered to that
of the intermediate shaft.

5.2.3 The design diameter of the propeller shaft,
in mm, shall not be less than that determined by the
following formula:

d,= 100k 3/P/n (5.2.3)

where k& = factor assumed as follows proceeding from the shaft
design features:
for the portion of propeller shaft between the propeller
shaft cone base or the aft face of the propeller shaft
flange and the forward edge of the aftermost shaft
bearing, subject to a minimum of 2,5 d,;:

k = 1,22, where the propeller is keyless fitted onto the
propeller shaft taper or is attached to an integral
propeller shaft flange;

k = 1,26, where the propeller is keyed onto the propeller
shaft taper;
for the portion of propeller shaft between the
forward edge of the aftermost shaft bearing, or aft
strut bush, and the forward edge of the forward
sterntube seal k£ = 1,15, for all types of design.

Other terms are as defined in 5.2.1.

On the portion of propeller shaft forward of the
forward edge of the forward sterntube seal the
diameter of the propeller shaft may be tapered to
the actual diameter of the intermediate shaft.

Where surface hardening is used, the diameters of
propeller shafts may be reduced on agreement with
the Register.

5.2.4 The diameter of the shaft made of steel with
tensile strength of more than 400 MPa may be
determined by the following formula:

dyeq=dJ560/(R,,,, + 160)

where d,., =reduced diameter of the shaft, mm;
d = design diameter of the shaft, mm;
R,,,, = tensile strength of the shaft material.

(5.2.4)

In all cases the tensile strength in the formula
shall be assumed not exceeding 760 MPa (for carbon
and carbon-manganese steel)/800 MPa (for alloyed

steel) for intermediate and thrust shafts and 600 MPa
for propeller shaft.

5.2.5 The diameters of shafts in icebreakers and
ships provided with ice strengthening shall exceed the
design diameters by value indicated in Table 5.2.5.

The diameter d of propeller shafts, in mm, for
icebreakers and ships provided with ice strengthening
(except for category Icel) shall, besides, meet the
following condition in way of aft bearings:

d>a’/bs’Ry, [Ren (5.2.5)

where  a =factor equal to:

10,8, with propeller boss diameter equal to, or less
than 0,25D (D is the propeller diameter);
11,5, with propeller boss diameter greater than
0,25D;

b = actual width of expanded cylindrical section of the
blade on the radius of 0,25R for unit-cast propellers
and of 0,35R for CPP, m;

s = maximum thickness of expanded cylindrical section
of the blade on the radii given for b, mm;

R,,, =tensile strength of the blade material, MPa;

R.;r =yield stress of propeller shaft material, MPa.

5.2.6 If the shaft has a central hole, its bore shall
not exceed 0,4 of the design diameter of the shaft.

If considered necessary, the diameter of central hole
may be increased to the value obtained from the formula

d.<(dt—0,97d%d,)"* (5.2.6)

where d,. =diameter of central hole;

d, = actual shaft diameter;
d = design diameter of the shaft without regard for
central hole.

5.2.7 Where the shaft has a radial hole, the shaft
diameter shall be increased over a length of at least
seven diameters of the hole. The hole shall be located
at mid-length of the bossed portion of the shaft, and
its diameter shall not exceed 0,3 of the shaft design
diameter. In all cases, irrespective of the hole
diameter, the diameter of the shaft shall be increased
by not less than 0,1 times the design diameter. The
edges of the hole shall be rounded to a radius not less
than 0,35 times its diameter and the inside surface
shall have a smooth finish. The influence of intersec-
tion between a radial and an eccentric axial bore is
subject to special consideration by the Register.

Table 5.2.5
Increase of shaft diameter, %
Ships with ice categories Icebreakers
Shafts
Icel, Ice2 Ice3 Arcd4 Arc5 Arc6 Arc7 Arc8, Arc9 | Centre shaft | Side shaft

Intermediate and 0 4 8 12 13,5 15 * 18 20
thrust
Propeller 5 8 15 20 25 30 * 45 50

* Subject to special consideration by the Register in each particular case.
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5.2.8 The diameter of a shaft having a long-
itudinal slot shall be increased by at least 0,2 of the
design diameter of that shaft. The slot length shall
not exceed 0,8 and slot width shall be at least 0,1 of
the design shaft diameter. Up to three slots are
permitted, with consideration for their equally-
spaced location.

The bossed portion of the shaft shall be of such
length as to extend beyond the slot for not less than
0,25 of the design diameter of the shaft. The
transition from one diameter to another shall be
smooth. The ends of the slot shall be rounded to a
radius of half the width of the slot and the edges — to
a radius of at least 0,35 times the width; the surface of
the slot shall have a smooth finish.

5.2.9 The diameter of a shaft having a keyway
shall be increased by at least 0,1 of its design
diameter. After a length of not less than 0,2 of the
design diameter from the ends of the keyway, no
increase of the shaft diameter is required.

If the keyway is made on the outboard end of
the propeller shaft, the diameter need not be
increased.

Keyways are not recommended in the shafts with
a barred speed range.

5.2.10 For intermediate shafts, thrust shafts and
inboard end of propeller shafts the coupling flange
shall have a minimum thickness of 0,2 times the
required diameter of the intermediate shaft, or the
thickness of the coupling bolt diameter (refer to
Formula (5.3.2)) calculated for the material having
the same tensile strength as the corresponding shaft,
whichever is the greater.

The thickness of coupling flange of the outboard
end of propeller shaft under the bolt heads shall not
be less than 0,25 times the required diameter of the
shaft at the flange.

5.2.11 The fillet radius at the base of aft flange of
the propeller shaft shall not be less than 0,125 and for
other flanges of shafts — shall not be less than 0,08 of
the required diameter at the flange. The fillet may be
formed by multiradii in such a way that the stress
concentration factor will not be greater than that for
a constant fillet radius.

The fillets shall have a smooth finish and shall
not be recessed in way of nuts and bolt heads.

5.2.12 Fillet radii in the transverse section of the
bottom of the keyway shall not be less than 0,0125 of
the diameter of the shaft, but at least 1 mm.

5.2.13 Where keys are used to fi