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Preface

This Standard was prepared by the Joint Standards Australia/Standards New Zealand Committee
ME-018, Mining Equipment.

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 separate emissions performance and testing requirements as
applied to both fire protected and explosion protected engines used in underground coal mines.
This document draws together a number of International and Australian references to achieve a
contemporary standard relevant for underground coal workplaces.

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

Modern diesel engines are achieving lower exhaust emissions through advanced electronics and
after-treatment systems that are not readily compatible with fire protection and explosion protection
methods and standards.

This document provides test procedures that specify the acceptable levels of exhaust emissions
produced by specialized diesel engines with fire and explosion protection capability that operate
in underground coal mines. These test levels are designed to strike a balance between the twin
requirements of these engines to operate safely in a hazardous environment and to minimize harmful
exhaust emissions.

In the preparation of this document, reference was made to the use of steady-state and transient test
cycles for non-road diesel engine emissions measurements as specified in the ISO 8178 series and the
UNECE Regulation No. 96 Revision 3, Uniform provisions concerning the approval of compression ignition
(C.1.) engines to be installed in agricultural and forestry tractors and in non-road mobile machinery with
regard to the emissions of pollutants by the engine. Regression line tolerances associated with transient
testing have been adjusted from the UNR096r3:2014 to accommodate ExDES engine systems and
current testing facilities available in Australia.

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 3584.4:2021
Australian Standard®

Diesel engine systems for underground coal mines
Part 4: Emissions

1 Scope and general

1.1 Scope

This document specifies the test equipment, test cycles, performance and reporting requirements for
type testing of exhaust emissions for diesel engine systems (DES) to be used in underground coal mines.

This document applies to—
(@ fire-protected DES as defined in AS 3584.1; and
(b) explosion-protected DES as defined in AS 3584.2.

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 3584.1, Diesel engine systems for underground coal mines, Part 1: Fire protected — Heavy duty
AS 3584.2, Diesel engine systems for underground coal mines, Part 2: Explosion protected

AS/NZS 3584.3, Diesel engine systems for underground coal mines, Part 3: Maintenance

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

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

ISO 8178-4, Reciprocating internal combustion engines — Exhaust emission measurement — Part 4:
Steady-state and transient test cycles for different engine applications

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

NIOSH 5040, Diesel Particulate Matter

SN 277206, Internal combustion engines—Exhaust gas after-treatment—Particle filter systems—
Testing method

REGULATION No U.N.E.C.E. 96, Revision 3, Uniform provisions concerning the approval of compression
ignition (C.1.) engines to be installed in agricultural and forestry tractors and in non-road mobile machinery
with regard to the emissions of pollutants by the engine, Addendum 95 Agreement Concerning the adoption
of uniform technical prescriptions for wheeled vehicles, equipment and parts which can be fitted and/or be
used on wheeled vehicles and the conditions for reciprocal recognition of approvals granted on the basis
of these prescriptions [online]. Geneva, Switzerland: [Viewed 18 January 2021]. Available from https://
www.unece.org/fileadmin/DAM/trans/main/wp29/wp29regs/2015/R096r3e.pdf

SAFE WORK AUSTRALIA. Workplace exposure standards for airborne contaminants [online]. Canberra,
Australia: [viewed 18 January 2021]. Available from https://www.safeworkaustralia.gov.au/system/
files/documents/1912/workplace-exposure-standards-airborne-contaminants.pdf
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1.3 Terms and definitions

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

1.3.1

after all treatment

test location for gaseous and particulate pollutants after all devices that are designed to modify the
constituents of the exhaust

Note 1 to entry: Devices installed within the exhaust system that are designed to modify the constituents of the
exhaust emissions may include a diesel oxidization catalyst (DOC), selective catalytic reducer (SCR), continuously
regenerating trap (CRT), fuel based catalyst (FBC), diesel particulate filter (DPF), trap systems, a three way
catalyst, or other systems and devices.

1.3.2

before all treatment

test location for gaseous and particulate pollutants after the DES exhaust valves and as close to as is
practical, and before, all devices that are designed to modify the constituents of the exhaust gasses

Note 1 to entry: Devices installed within the DES that are designed to modify the constituents of the exhaust
emissions exclude exhaust gas re-circulation (EGR), variable geometry turbochargers, shaped injection systems
and like systems or devices that are integral to the original engine design.

1.3.3
cold start

first start after the engine has soaked to room temperature and the engine coolant and oil temperatures
have stabilized between 10 °C and 30 °C

Note 1 to entry: Measurements for this includes all after treatment systems and all auxiliary engine
control devices.

1.3.4

elemental carbon

EC

agglomeration of small carbon particles with a graphitic structure

Note 1 to entry: A major component of diesel particulate matter. Provides a site for the deposition of organic
compounds and other condensable products of combustion.

1.3.5

filtration efficiency

ratio of the mass of particles trapped by a filter over the mass of particles found in the air upstream
of the filter

Note 1 to entry: Expressed as a percentage.

1.3.6

gaseous pollutants

gasses that are typically found in the exhaust gas stream that may be harmful by being toxic,
carcinogenic, an irritant or otherwise contaminate the lungs of persons

Note 1 to entry: Gaseous pollutants include carbon monoxide, hydrocarbons, (including aldehydes and polycyclic
aromatic hydrocarbons) and oxides of nitrogen.

1.3.7

high idle speed

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

1.3.8
hot start
second startafter a 20 min hot soak commencing immediately after the completion of the coltb'slé ﬁﬁ‘ients
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1.39
high speed
highest engine speed at load where 70 % of the rated power is delivered

1.3.10
intermediate speed
speed used in the NRSC test cycle

Note 1 to entry: See Clause 2.4.1 for more about intermediate speed.

1.3.11
low speed
lowest engine speed at load where 50 % of the rated power is delivered

1.3.12
may
indicates the existence of an option

1.3.13
mode
engine operating point characterized by a speed and a torque (or a power output)

Note 1 to entry: This is usually a discrete pointin a test cycle at which emissions are measured (see Clause 2.4.1).

1.3.14

non-road steady-state test cycle

NRSC

sequence of discrete engine test modes (see Clause 2.4.2) each with defined speed, torque and
weighting factor

Note 1 to entry: The weighting factors only apply if the emission test results are expressed as specific emissions
(grams per kilowatt hour).

1.3.15

non-road transient test cycle

NRTC

continuous test cycle that includes a sequence of normalized speed and torque values that vary
relatively quickly with time

1.3.16
particulate filter
filter that removes particulate matter from an exhaust gas stream

1.3.17

particulate matter

PM

material collected on the filter medium after diluting exhaust with clean filtered air to a temperature of
greater than 315 K (42 °C) and less than or equal to 325 K (52 °C)

Note 1 to entry: This includes organic carbon (0OC), elemental carbon (EC), condensed hydrocarbons, polycyclic
aromatic hydrocarbons (PAH), trace metals and sulphates with associated water.

1.3.18
powerband
engine classification with alphabetical labels based on allowable emission levels

Note 1 to entry: A powerband table for labelling engine systems in accordance with their rated power and
corresponding levels of maximum allowable specific emissions is shown in Clause 5.2.1 of UNR09613:2014.
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