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Preface

This Standard was prepared by the Joint Standards Australia/Standards New Zealand Committee
ME-018, Mining Equipment, to supersede AS/NZS 3584.1:2008.

After consultation with stakeholders in both countries, Standards Australia and Standards New
Zealand decided to develop this document as an Australian Standard rather than an Australian/New
Zealand Standard.

The objective of this document is to promote the safety of fire-protected diesel engine systems that are
used underground in coal mines.

Alist of all parts in this series can be found in the Standards Australia online catalogue.

This document introduces the requirements for a fire ignition hazard assessment and functional safety
assessment to be performed on the fire-protected diesel engine system. Emissions requirements
for fire-protected diesel engine systems have been removed from this document and are included
in AS 3584.4.

The major changes in this document are as follows:

(@ Section 3 Design and construction of this document now includes all performance
requirements.

(b) The test appendices now include all test requirements.

(©) Rated torque speed has been replaced with intermediate speed.

(d) References to product certification schemes have been removed.

The terms “normative” and “informative” have been used in this document to define the application of
the appendix to which they apply. A “normative” appendix is an integral part of a document, whereas an
“informative” appendix is only for information and guidance.
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1 AS 3584.1:2021
Australian Standard®

Diesel engine systems for underground coal mines
Part 1: Fire protected — Heavy duty

Section1 Scope and general

1.1 Scope

This document specifies safety requirements for fire-protected diesel engine systems (FpDES) that are
designed for use in designated safe areas in underground coal mines. It applies to diesel engine systems
with heavy duty applications.

NOTE Whether a particular application is heavy duty will need to be determined by the end user and the
manufacturer, using risk management processes.

Safety requirements include the following:

(@ The control of surface temperature, to avert ignition of coal dust that could settle on a hot
surface or fluid fires.

(b) Containment or elimination of flames and sparks that could initiate a fire.

FpDES are not explosion protected and are not designed to operate in flammable or explosive
atmospheres.

This document nominates the means by which identified hazards may be managed. It is intended for
designers, manufacturers, users, regulatory authorities, testing authorities and associated interests.

1.2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document.

NOTE Documents referenced for informative purposes are listed in the Bibliography.
AS 1019, Internal combustion engines—Spark emission control devices

AS 4024.1201, Safety of machinery — Electrical equipment of machines, Part 1201: General requirements
(IEC 60204-1:2016 (ED. 6.0) MOD)

AS 4024.1501, Safety of machinery, Part 1501: Design of safety related parts of control systems—General
principles for design

AS 4024.1502, Safety of machinery, Part 1502: Design of safety related parts of control systems—Validation

AS 4024.1503, Safety of machinery, Part 1503: Safety-related parts of control systems—General
principles for design

AS 4024.1601, Safety of machinery, Part 1601: Design of controls, interlocks and guarding— Guards—
General requirements for the design and construction of fixed and movable guards

AS 5062, Fire protection for mobile and transportable equipment

AS 61508.1, Functional safety of electrical/electronic/programmable electronic safety-related systems,
Part 1: General requirements

AS 62061, Safety of machinery — Functional safety of safety-related electrical, electronic and programmable
electronic control systems (IEC 62061:2005+AMD1:2012+AMDZ2:2015 CSV (ED.1.2)/COR1:2015 MOD)
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AS/NZS 3584.3, Diesel engine systems for underground coal mines, Part 3: Maintenance

AS/NZS 4024.1604, Safety of machinery, Part 1604: Design of controls, interlocks and guarding —
Emergency stop — Principles for design (I1SO 13850:2017 (ED.3.0), MOD)

AS/NZS 4871.1, Electrical equipment for mines and quarries, Part 1: General requirements

AS/NZS 4871.5, Electrical equipment for mines and quarries, Part 5: Battery powered electrical
mobile machines

AS/NZS 4871.6, Electrical equipment for mines and quarries, Part 6: Diesel powered machinery and
ancillary equipment

AS/NZS 60079.29.1, Explosive atmospheres, Part 29.1: Gas detectors—Performance requirements of
detectors for flammable gases

AS ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories

[SO 1813, Belt drives — V-ribbed belts, joined V-belts and V-belts including wide section belts and hexagonal
belts — Electrical conductivity of antistatic belts: Characteristics and methods of test

ISO 8178-1, Reciprocating internal combustion engines — Exhaust emission measurement — Part 1: Test-
bed measurement systems of gaseous and particulate emissions

ISO 9563, Belt drives — Electrical conductivity of antistatic endless synchronous belts — Characteristics
and test method

ISO 13849-1, Safety of machinery — Safety related parts of control systems — Part 1: General
principles for design

ISO 13849-2, Safety of machinery — Safety-related parts of control systems — Part 2: Validation

ASTM D1298 12b, Standard Test Method for Density, Relative Density, or API Gravity of Crude Petroleum
and Liquid Petroleum Products by Hydrometer Method

1.3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

1.31
catalytic converter
equipment that modifies the constituents of an exhaust gas stream by means of a catalyst

1.3.2

designated safe area

place in which there is a minimum likelihood of an explosive atmosphere being present, which would
require special precautions while a diesel engine is operated, serviced or maintained

Note 1 to entry: It cannot be assumed that areas of a mine that are not classified as being explosion risk zones are
designated safe areas.

Note 2 to entry: Legislation, regulations or requirements by the relevant statutory authority may define a
designated safe area in greater detail.

1.3.3

engine safety shutdown system

protection system that automatically causes an engine to stop in the event of an unsafe
condition occurring

1.34
emergency safety shutdown system

system fitted to stop the diesel engine in the event of the failure of the other systems to sto;ﬁlte) &rﬁ%sen ts
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1.3.5

explosion risk zone

place where during the normal course of events there is a possibility of an accumulation of flammable gas
or dust or explosive gas or dust that could create a hazard for the operation, servicing or maintenance
of a diesel engine system

Note 1 to entry: Legislation for underground coal mines may define certain parts of the mine as explosion risk
zones and may use the term “hazardous area” to describe an explosion risk zone.

1.3.6

fire-protected diesel engine system

FpDES

diesel engine that is designed, manufactured and maintained so it will not propagate or generate flame
or sparks, which could initiate a fire

Note 1 to entry: The diesel engine system includes—

@ inlet systems;

(b) exhaust systems;

(9 cooling systems;

(d) starting systems;

(e) fuel systems;

(3] shutdown and protection systems;

(g) associated electrical items, including alternators, batteries and wiring; and

(h) other ancillary equipment attached to or driven by the engine, or are associated with the engine

operation or engine control.
Note 2 to entry: Equipment driven from the output side of the engine flywheel is excluded.

1.3.7

fire protection

design features that will prevent the diesel engine system from igniting flammable material or
substances, excluding flammable gas

Note 1 to entry: Fire-protected diesel engine systems do not provide explosion protection (refer to AS 3584.2).

1.3.8

high idle speed

maximum governed speed of an engine with minimal output power from the engine and the
ancillary equipment

1.39
intermediate speed
speed used in the non-road steady cycle (NRSC) test cycle

1.3.10

low idle speed

minimum governed speed of an engine with minimal output power from the engine and the
ancillary equipment
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1.3.11

malfunction

fault

situation where equipment or components do not perform their intended function with respect to fire
and/or explosion protection

Note 1 to entry: For the purposes of this document this can happen due to a variety of reasons, including—

@ failure of one (or more) of the component parts of the equipment or components;
(b) external disturbances (e.g. shocks, vibration, impact);

(0 design error or deficiency;

(d) disturbance of the power supply or other services; or

(e) loss of control by the operator.

1.3.11.1

expected malfunction
disturbances or equipment malfunctions which normally occur in practice

1.3.11.2
rare malfunction
type of malfunction, which may happen, but only in rare instances

Note 1 to entry: Two independent expected malfunctions which, separately, would not create a source of ignition,
but which, in combination, do create a source of ignition, are regarded as a single rare malfunction.

[SOURCE: IEC 60079-0, Copyright © 2017 IEC Geneva, Switzerland. www.iec.ch]

1.3.12

normal operation

operation of equipment conforming to its design specification and used within the limits specified by
the manufacturer

Note 1 to entry: Failures (such as a breakdown of pump seals, flange gaskets or releases of substances caused by
accidents) which involve repair or shut-down are not considered to be part of normal operation.

Note 2 to entry: Minor releases of flammable material may be part of normal operation. For example, releases
of substances from seals which rely on wetting by the fluid which is being pumped are considered to be
minor releases.

[SOURCE: ISO 80079-36:2016]

1.3.13
particulate filter
filter that removes particulate matter from an exhaust gas stream

1.3.14

rated power

maximum continuous power output, at rated speed, of an engine, as determined by the testing authority
in accordance with this document

1.3.15
rated speed
speed of an engine while producing rated power

1.3.16

safety components

passive systems or things such as fixed components, exhaust manifolds, gaskets, joints and positive
flame arresters
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1.3.17

safety function

active system that is intended to achieve or maintain a safe state for the diesel engine system in respect
of a specific hazardous event

1.3.18
shall
indicates a statement is mandatory

1.3.19
should
indicates a recommendation

1.3.20

spark arrester

device, system or method that prevents glowing exhaust particles produced by a diesel engine from
being emitted into the surrounding atmosphere

1.3.21

strangler valve

valve inserted into the intake airstream capable of completely shutting off the supply of intake air to
the FpDES and stopping the engine

1.3.22
testing authority
body acceptable to the relevant regulatory authority to carry out the tests prescribed herein

Note 1 to entry: Normally a nationally accredited testing authority.

1.3.23
uncontrolled combustion
unintended or out of control combustion in the engine

Note 1 to entry: Uncontrolled combustion may be caused by induced flammable gas, liquid or vaporized
hydrocarbons.

Note 2 to entry: Uncontrolled combustion may cause intake flashbacks, high exhaust temperature or high surface
temperatures or catastrophic engine failure, engine overspeed, uncontrollable engine running and/or render the
fire protection system ineffective.

1.4 New designs and innovations

This document nominates the means by which identified hazards may be managed. Alternative
technologies or innovations may also provide solutions to the management of these hazards. An
alternative technology or innovation may be adopted, provided the alternative meets or exceeds the
applicable requirements of this document. The suitability of any alternative technology or innovation
shall be subject to a risk assessment.
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Section 2 Hazard identification and control

2.1 General

Fire-protected diesel engine systems (FpDES) designed for use in underground coal mines shall be
designed to minimize lifecycle risks associated with the use of FpDES in underground coal mines by
the following:

(@ Minimizing the potential risk of initiation of a fire.
(b) Providing fit for purpose risk control measures on diesel engine systems.
(9} The provision of diesel engine systems that shut down safely in emergency situations.

The FpDES shall be designed to operate safely—
(1) continuously in a mine atmosphere containing coal dust; and
(ii) continuously in a mine atmosphere up to 0.5 % methane.

NOTE Operability limits with respect to methane environments may differ in various regulatory areas.

2.2 Fire ignition hazard assessment

A fire ignition hazard assessment of the FpDES shall be conducted to identify the potential to initiate,
sustain and propagate a fire. This assessment shall include reasonably foreseeable misuse and
reasonably foreseeable human error.

NOTE1 A means of demonstrating reasonably foreseeable misuse, violation and reasonably foreseeable human
error may require a study of available industry safety related data and bulletins to identify relevant issues.

Without limitation, hazardous ignition sources may include—

(@) hot surfaces, greater than 150 °C;

(b) hot gases being expelled in the mine atmosphere, greater than 150 °C;

(©) hot exhaust particles being expelled into the mine atmosphere;

(d) mechanically generated sparks;

(e) static electricity;

() catastrophic failure of the FpDES;

(g) faulty or inadequately protected electrical equipment;

(h) consequence of uncontrolled combustion;

(1) escape of fluid; or

() where a single fault occurs such that the FpDES does not operate as designed and which

creates a fire ignition source.

Possible failure modes of the FpDES include without limitation—

(1) loss of functionality of engine cooling system;
(i) loss of functionality of engine lubrication system;
(iii) loss of functionality of engine exhaust cooling system; or
(iv) loss of functionality of exhaust conditioner as an effective spark arrester.
Documents
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The fire ignition hazard assessment should identify whether the potential ignition sources could occur
during normal operation, expected malfunction or during rare malfunction.

NOTE 2 1SO 80079-36 provides guidance on ignition hazard assessment.
2.3 Fire ignition control measures

2.3.1 General

All effective ignition sources identified in the fire ignition hazard assessment shall be controlled.
Control measures shall be either—

@ safety functions; or
(b) safety components.

The effectiveness of the control measures shall be determined for the intended lifecycle of the
FpDES. The component life and the conditions required to maintain the required level of protection
shall be stated.

NOTE Control measures may include lifecycle changeout of components and periodical proof testing to detect
dangerous failures.

2.3.2 Safety functions

All safety functions shall be clearly identified and documented in the safety file (refer to AS/NZS 3584.3
for guidance).

As a minimum, the following safety functions shall be provided:
@ Control external surface temperature so that it does not exceed 150 °C.

(b) Prevent exhaust gas temperature exceeding 150 °C at the point where it meets the
mine atmosphere.

(o) Emergency stop.

(d) Shutdown the FpDES before the atmospheric methane concentration exceeds the statutory
designated limits.

Where the safety function relies on fluid power for control, the effect of contamination shall be
evaluated and the required level of filtration specified.

Functions that alert the operator shall provide means for the operator to acknowledge the alert or be
such that it is unlikely the operator would not be aware of the alert.

NOTE Safety functions should be monitored for failure and incorporate warning systems to detect faults.

2.3.3 Riskreduction required

The integrity level for identified safety functions shall meet the minimum performance level (PL) or
safety integrity level (SIL) specified in Table 2.1.

Table 2.1 — Risk reduction

Effective ignition source occurring during Risk reduction
Normal operation PLd or SIL 2
Expected malfunction PLcorSIL1
Rare malfunction Good engineering practice
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2.3.4 Assessment and validation

Safety functions shall conform to the following standards:

@) For PL — to AS 4024.1503 and AS 4024.1502; or ISO 13849-1 and SO 13849-2.
(b) For SIL — to AS 61508.1 or AS 62061.

Asafetyrequirements specification shall be generated as anintegral part of functional safety assessment.

2.3.5 Safety components

Safety components shall be designed, analysed, tested and documented using current engineering
principles and in accordance with applicable Australian standards.

Systematic analysis methods shall be used to:

(@ Determine all reasonably foreseeable failure modes.
(b) Verify a sufficient level of reliability has been achieved in the design.
(©) Determine lifecycle inspection, maintenance, test and discard requirements.

NOTE Fatigue testing or analysis, failure modes and effect analysis, fault tree analysis or other similar methods
may be applicable.

2.4 Designated safe area barrier

FpDES shall be provided with a control system to prevent the FpDES from operating in locations that
are not designated as safe areas as defined by Clause 1.3.2.

A risk assessment conforming to AS 4024.1201 shall be carried out to demonstrate the integrity of the
control system.

The control system shall conform to the relevant PL or SIL of AS 4024.1501, AS 4024.1502, AS 62061 or
other similar standards.

NOTE Theriskassessmentshould be in a form that systematically analyses the failure of individual components

of the control system. Upon failure of a sensing device, an operator alarm or warning should be used where
practicable.

2.5 Methane detection

A visible or audible indication of the methane concentration in the atmosphere in which the engine is
operating shall be provided.

The response time, accuracy and cross-sensitivity of the methanometer as part of the FpDES shall be in
accordance with AS/NZS 60079.29.1.

When the detected methane exceeds the maximum acceptable concentration (nominated by the
statutory authority), the control system shall cause the engine to stop and prevent the starting of the
FpDES. This shall be achieved by the activation of the engine safety shutdown system. If the engine
safety shutdown system fails the emergency engine safety shutdown system shall automatically
stop the engine.

2.6 Fire suppression

All FpDES shall be fitted with a fire suppression system that conforms to AS 5062.
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Section 3 Design and construction

3.1 Engine types

Engine types shall be compression ignition, diesel-fuelled and water-cooled.

3.2 Condition monitoring

Suitable sampling points shall be provided to allow monitoring of the—

@ engine lubricating oil pressure;

(b) engine speed;

(0 engine coolant temperature;

(d) inlet manifold pressure;

(e) exhaust back-pressure; and

3] gas stream emissions, both before and after exhaust treatment.

A method of monitoring the safety system status, providing fail/healthy indication for each fault
condition, should be provided.

3.3 Surface temperature

The temperature of any external surface that comes into contact with the mine atmosphere shall not
exceed 150 °C under any condition of operation, including when tested in accordance with Appendix C.

Sensors should be installed at the hottest point(s) on the FpDES.

3.4 Uncontrolled combustion

Any hazards arising from uncontrolled combustion from induced flammable gas, liquid or vaporized
hydrocarbons shall be controlled.

NOTE For some engine systems and in some circumstances, uncontrolled combustion may cause intake
flashback, high exhaust temperature or high surface temperatures or catastrophic engine failure, engine over-
speed, uncontrollable engine running and render the explosion protection system ineffective. For some engine
systems and some circumstances, uncontrolled combustion may not be apparent to an operator except for a
marginal loss of power and increased emissions.

3.5 Materials

3.5.1 Non-metallic materials

The use of non-metallic materials for external components of an FpDES shall be kept to a minimum.
Where non-metallic materials are used, they shall be shielded, routed or located away from heat
sources. Materials shall be tested for fire resistance and/or static electricity build-up as required by the
fire ignition hazard assessment.

3.5.2 Light metals

Rotating components external to the engine (e.g. fan hubs, fan blades, pulleys) shall not be of light metal.
Uncoated or unprotected light metal alloys shall not be used.
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