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® 1946 — 1950: Provincial Mines Ministers drive the
development of proposals for a coal mine electrical
certification program in Canada to be administered by
the CSA in collaboration with the federal government.

e 1953 — 1969: Mines Branch establishes an Electrical
Certification Laboratory and conducts testing and
approvals under the authority of the CSA.

e G.K. Brown appointed CSA Certification Officer

Eleotrical Certification Laboratory (554 Booth St
1954, on site of old machine shop; new machine g|
(556 Booth St.) is at left rear; Butler buflding
carbonization studies is in middle rear
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Diesel engine testing and certification

e 1965: E.D. Dainty begins development of diesel
certification program based on UK practices.

e 1968: First certification of diesel power package for
coal mining (Cummins HR-6).

e 1969: Electrical and diesel certification
consolidated under the Canadian Explosives
Atmospheres Laboratory (CEAL) operating at the
NRCan Bells Corners Complex.

E.D. Dainty and P. Mogan in diesel bunker with engine
under test
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CSA standards development @=

e 1971: Publishing of “Certification of Diesel apparatus for B i ghce o et ki
use in mines”

e 1975: First investigations into diesel particulate matter ki, ¢ @

e 1988: Publishing of CSA M424.1-M88 QB wiumes B

e 1990: Publishing of CSA M424.2-M90 © ‘

e 2016: First revision of M424.1-16 and M424.2-16; facey onderground s

M424 .3 reaffirmed to 2021.

e 2020-22: Major revisions and restructuring of the M424
family of standards. Publication of CSA M424.2-22.
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CSA M424.2 Review rationale

e General alignment/modernization of M424 family with ISO 19296.
e Diesel-specific:
e It was becoming apparent that the M424.2-16 emissions pass/fail criteria were
not comparable with current EPA/EURO standards.

e Underground auxiliary diesel machines like stationary pumps/generators were
becoming larger and needed to be brought into scope.

e New types of diesel/electric hybrid machines and special duty cycles were not
addressed and needed to be enabled.

e Very large haul trucks with powerful engines needed to be brought into scope.
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CSA M424.2-22 “Diesel-powered machines for
use in non-gassy underground mines”

CSA M424 Standards Topic Map

M424.0 General

e M424.2 is the conventional
diesel engine standard.

e Intended to be used within the
M424 family in conjunction
with other parts.

e Machine type / use determines
applicability.

Visibility
Vibration

MA424.3 Braking

M424.1 Diesel

Flame Propagation Shutdown Systems
Surface Temperature Alarms
es

Diesel Engines

M424.2 Diesel Non-

M424.4 Electric
Powertrains

BEV/FCEV/Hybrid

Refuel/Recharge i against
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M424.2-22 Major Changes:

e Restructuring within M424 family:
» Vehicle/machine core safety standards moved to M424.0-22.
» Additional ignition hazard requirements for gassy mines diesels — M424.1-22.
» Additional design requirements for diesel/electric hybrids — M424.4-22.
e Scope review:
» Scope expanded to include larger/ more varied diesel-powered machines.
e Design review
» Retain diesel-specific design requirements from M424.2-16.
e Performance criteria:
» Engine emissions testing pass/fail criteria lowered to reflect modern technologies.
» EQI concept for ventilation rate determination removed.
» Ventilation rate determination for retrofit emission control devices enabled.
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M424.2-22 Minor Changes:

e Design details
e Fuel tanks to comply with ISO 21507 in whole or in part.
® Fuel tank and supply system design details updated.
e Improved protection for fuel lines

@ Electrical wiring, starter battery protection updated.
@ Mechanical protection / operator protection updated.

e Exhaust system guarding and operator protection upgraded to ISO 3457.
e Prohibition on modification of OEM exhaust system components (Clause 5.3).
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Practical application of M424.2 - Approval

e Emissions testing for ventilation rate prescription.
e M424 .2 is referenced in 10 of 11 jurisdictions in Canada.

In regs out of 11 jurisdictions

Earth-moving-braking  —
Rock bolts. =
Vent material =
Braking performance =
Dieselin non-gassy ]
Diesel in gassy =
Hydraulic fluids
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Engine Approval Testing

e Engine manufacturer submits an application to CanmetMINING along with a
sample engine and all aftertreatment system components.

e CanmetMINING performs the certification test according to the CSA standard.
If the engine passes, a ventilation rate prescription is calculated and published
On the WebSIte Engine Manufacturer: Kubota

Engine Model V3800-TIEF4ZAG, V3800-TIEF4Z, V3800-TIEF4ZA
Governing Standard CSA M424.2-16 (Non-Gassy Mines)

Certificate Number Engine Rating and Sulphurin Ventilation Prescription
Fuel Rate at Sea Level Fuel - ppm
CFM ms

1305 V3800-TIEF4ZA6 105 HP (78 kW) @ 2400 RPM, 15 4100 193
38.4 Ib/h

V3800-TIEF4Z 109 HP (81kW) @ 2600 RPM, 4200 1.98
40.8 Ib/n

V3800-TIEF4ZA 113 HP (84kW) @ 2600 RPM, 4200 1.98
42.8Ib/h
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Emissions Testing Process

e Confirmation of engine power and fuel rate as per manufacturer specification
e Setting of engine intake vacuum and back-pressure as per engine specification

e Quick measurement of CO and NOx within engine operating range to determine
Pass/Fail condition

Steady state testing at 18 or more mode points, including ISO 8178-C1 8 modes
Measure engine parameters, CO,, CO, NO, NO,, O,, DPM
Calculate SO, and ventilation rate at all mode points

The highest calculated ventilation rate is the minimum vent rate for the engine approval
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Engine Test Modes

e Based on ISO8178 with additional modes.

e Special tests for aftertreatment.
g =] ; T .
0 : :
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Low idle Peak Rated
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5.4
I * I Natural Resources Ressources naturelles = Canada
Canada Canada /

WP3 6



MDEC 2022

Engine Approval

e Approval letter to engine manufacturer.

e Certificate number.

e Ventilation rate appears on website.

e Conditions such as aftertreatment.

e Manufacturer may apply labels for importation.

e English version: http://www.diesel.NRCan.gc.ca
@ French version: http://www.diesel.RNCan.gc.ca

e CSA (Canada) and MSHA (USA) testing can be performed concurrently at

CanmetMINING.

I*I Natural Resources  Ressources naturelles
Canada Canada

13

Canadi

Performance Criteria Changes M424.2-22

e Reduction of pass/fail limits for undiluted tailpipe CO, DPM.
e Separation of NOx limit into NO and NO2.

e New pass/fail limit for NO and NO.,.

5000
4500
4000

Mining Diesel Engine Emissions Limits (US/Canada) ;;gg

2500
€O (ppm) 3000]  2500] 2500 650 2
NOX (ppm) 2000  2000] 1500 650|(as NO) _—
NO; (5pm) n/a n/a n/a 75|(as NO,) 5“‘;
DPM (mg/m3) n/a n/a 150 15
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Mining Diesel Engine Emissions Limits

USBM 31 USBM 24 M424-90/16 M424-22

ECO(ppm) MWNOx(ppm) MNO2(ppm) DPM (mg/m3)

Canadi
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Performance Criteria Changes -EQI

e EQI concept removed.

e New lower pass/fail limits have resulted in ventilation rates being set
by individual gases.

e EQI is not relevant any more as it would be higher than the
individual gas vent rates and thus would never be used.

CO NO DPM S0: DPM NO: DPM
EQI =—— 50 25 —_— 3 +1.5x% Ls + 3 +1.2x 3 +T
e Also the EQI used a TLV of 50ppm for CO and elimination of the

EQI allows the lower current TLV of 25ppm to be used for dilution
rate calculation.
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Performance Criteria — Emissions Control

@ Emissions control device certification enabled.
e OEM Tierd4 and Euro Stage V have emissions control.

e Package certification with retrofit or aftermarket emissions control
has always been allowed under M424.2-88/16.

e Possibility for stand-alone emissions control device certification to
M424.2-22 with conditions;

e Can only be retrofit to a previously- CSA certified engine with known emissions
and ventilation rates.

e Full engine bench emissions test (MAPTEST) to determine reductions and
secondary emissions.

e Engineering analysis for engine model applicability and ventilation rates.
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Future Development of M424.2

e Transient test cycles

e Use of a transient test cycle would harmonize M424.2 emissions testing with
other engine certifications.

e CanmetMINING has done some comparative studies on LHD cycles vs NRTC
off-road certification test cycles.

e Challenge to get separate NO/NO, data / vent rate input.

e In-use verification
e Field verification of compliance with M424.2 emissions.
e Many jurisdictions already do pass/fail emissions testing.
e How to extract certification data from in-use data.
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© His Majesty the King in Right of Canada, as represented by the Minister of Natural Resources, 2022
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