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Safety Share
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ANGER

Electric

Always check over your tools before doing any work, especially electrical work! | et ok

e X |

Danger
Electricity
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Presentation Overview

* Exciting News From MaclLean

* Introduction of MacLean & MacLean Technology
 Maclean Risk Approach

 Maclean Battery Electric Vehicle Overview

* Q&A




Maclean News Eﬂ EVS@H S

* MacLean’s 50" Year of Operation

 Multiple BEV Fleet Orders Including:
e Canadian Malartic’s Odyssey Mine Fleet
e Glencore’s Onaping Depth Mine Fleet

* Largest Year For BEV Production

* 40+ BEVs to be built! SINCE 1973

il MlaclLean

Safety in our veins.
Innovation in our DNA.

o0




The MacLean Story

History

* Foundedin 1973 in Ontario, Canada, remains privately held

* 1,000+ employees globally

e 2,400+ units commissioned to date

* World's largest Canadian-based mining OEM

Value Proposition N
 Extensive hard rock mining experience Il Maclean

Safety in our veins.
Innovation in our DNA.

e Multi-discipline engineering

* Continental production footprint: Integrated design,
manufacturing and assembly

il MaclLean

* International sales, customer service and support Performance. Reliailty. Innovation.




Utility Vehicles & Attachments

Material Transport
Personnel Transport
Elevated Work Platforms

Cassette Systems

Bolting

Bolters

Small Section
Bolters

Shotcrete

Sprayers
Transmixers
Agitator Trucks
Mobile Batch Plants

Ore Flow

Explosives (Emulsion/Anfo) Loading Units
Mobile Rock Breakers
Secondary Ore Reduction Drills

Hangup Removal Drills

Water Cannons

Scalers

«lfil MlacLean

Performance. Reliability. Innovation.



MaclLean Critical Technologies MaclLean 'B

Application Intelligence

Remote Systems Digital Systems New Vehicle Systems Autonomous Systems

:‘ Bl @ L

© BLOGKHOLER

AIQSET |eS p

4 ELECTRIC VEHICLE

R INTELLIGENT VEHICLE M INTELLIGENT OPERATIONS SYSTEM

Vehicle Telemetry * Equipment Design Localization, Auto Tram &
Machine Control (5 Series) Robotic Design Intelligent Boom Control

3 Levels of Remote
Commonality of Hardware

* Mode Switching * Customer Portal e Powertrain Design * Machine Vision, Sensing &
* Interoperability * Data Analytics & Security * Application Design Encoding
* VR Training Simulator * 3D Mapping
* Safety System

o0




Battery Designh and Location

* Centrally located within the vehicle
frame

* Custom engineered steel enclosure . ONBOARD CHARGERS BRAKE RESISTOR

e Touch safe HV connections |

 BMS — multiple layers of VEHICLE MANAGEMENT SYSTEMS
redundancy

e Custom engineered internal coolant
passageways

LITHIUM-ION BATTERIES

TRACTION DRIVES

INVERTER

CUSTOM THERMAL MANAGEMENT

4 I . | Note: This is a high-level overview, additional details available upon request. I'-ﬂ EVS@H eS




Selecting Suppliers With A Defined Safety And Testing Culture

Environmental, Safety, and Abuse Testing

e Vibration * Housing Load

* Mechanical Shock e External Fire

* Thermal Shock * Drop Test

* Ingress Protection * Unbalanced Overcharge

* Composite Heat & Humidity « Forced Internal Coolant Leak

e Short Circuit

‘ I . | Note: This is a high-level overview, additional details available upon request.



Mine Connectivity

Telemetry is one of the most effective tools available to
ensure your fleet is operating efficiently and safely.

e Basic and maintenance telemetry packages are
included as a standard on all MacLean BEVs.

* Telemetry systems allow for remote diagnostics to
be performed by MacLean.

* Maclean can provide automated equipment reports
tailored to the needs of your operations.

‘ I . | Note: This is a high-level overview, additional details available upon request.



24/7 Battery Monitoring MacLean /4

Continuous BMS Battery Management System monitoring through MacLean
onboard Vehicle Monitoring System.

This system will provide Real Time Monitoring and automatic notification
generation of:

e Service or maintenance recommendations
e Circuit malfunctions
e BEV battery faults or malfunctions

Continuous monitoring (even between shifts when no one is present) is a safety tool
in modern data Enable operations.

The equipment must be within range of the mines wireless network to receive notifications

‘ I . | Note: This is a high-level overview, additional details available upon request.




MaclLean Telemetry — intelliOp System ﬂt@ p

e Purpose of the MacLean’s telemetry system is to
provide operators and mechanics with useful live
information.

* Monitoring specific sensory feedback including
that of the high voltage battery system is
standard on all MacLean BEVs.

20 HV Battery No USS

e Our IntelliOp System feature: A

i 900 rpm ’ oo »
o Intuitive gauge cluster "5 o p
o Remote machine monitoring 1 0 el | 12 e o3
o Heads-up warnings to the operator e — .
o Onboard diagnostics (® R N ﬁ ‘__, = T

: 100.5 km —
A

‘ I . | Note: This is a high-level overview, additional details available upon request.



Standards & Guidelines MacLean 'B

Application Intelligence

e Participated in drafting GMG BEV Guidelines, Rev3.

o Recommended Practices For Battery Electric Vehicles In
Underground Mining, Rev3

e Participated in updating CSA standard.
o CSA M424-4-22 Electric Non-Gassy UG Mines

e Staying current and designing in accordance with all
BEV standards is also a primary feature of our
approach to safety.

o0




MaclLean BEV Risk Assessment — Layers

Design (Standards, Hardware, Software, Testing)
General Risk Assessment For Operational Risks
Bowtie Map For Specific High Risk Events

Functional Safety Analysis (where applicable)

O Management of Change (Future/New Risks)

‘ I . | Note: This is a high-level overview, additional details available upon request. Application Intelligence




MaclLean BEV General Risk Assessment For Operational Risks

Risk Assessment — General BEV Operational Risks

e p——r————

1 - T T

e -
|

e Breakdowns

* Emergency Response

e General Use

* Operating

 Planned Maintenance
* Pre-Op Check

* Storage

* Transport

% F T ,: T —
‘ I . | Note: This is a high-level overview, additional details available upon request.
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MaclLean BEV Bowtie Map For Specific High-Risk Events

* High Voltage Electrical Exposure ‘n
i

EEEEEEE

MacLean BEV - Bowtie Map - Thermal Runaway

e Short Circuit

 Thermal Runaway

‘ I . l Note: This is a high-level overview, additional details available upon request.
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MacLean BEV Design — Safety Layers

Battery Cell

Battery Module

Battery Subpacks

Battery Assembly

Vehicle

Mine Communication Systems

Administrative Controls

‘ I . | Note: This is a high-level overview, additional details available upon request. Application Intelligence




MaclLean BEV Design Safety Layers

BATTERY CELL SAFETY LAYER

BATTERY MODULE SAFETY LAYER
! ' BATTERY STRING SAFETY LAYER
| . —> i

BATTERY ASSEMBLY SAFETY LAYER

Monitoring and
communication -
protocols

‘ I . | Note: This is a high-level overview, additional details available upon request.




Administrative Controls

e Contingency Planning
o Transporting batteries
o Towing vehicles
o Resources in case of emergency

 Trade Qualifications

o Mechanic
o Electrician

* Training
o Operator
o Maintenance

‘ I . | Note: This is a high-level overview, additional details available upon request.




Battery Transportation and Handling (Both Hea/thy and Unhealthy)

T Sy S = Do not slore in hot or extremely cold conditions.

et e imiet | Do ol piace the baltery in directsunlght
[A WARNING| | 1ot Wl I s
i g = Do not submerge.

= Do not drop.

s g em st e e
et woigpac
et

= Do not overload mechanically (bend, twist, crush, etc.).

= Do notuse in case of a malfunclion or suspect of malfunction.
= Danotuse in case of visible or known damage
= Store in a dry, clean, appraved location.

Temperature [ °C Time Period

Under -20

20, .+
Hasards Durng Pacting. Shipping and Onpenal 25
e gkt ey e s o s carage s e +25...435
o e um e . vt ere g

e

+35...+45
s ey e e
M DANGER """"'"‘;’:’wm,:::: above

o e ey mardachsar 1 cane o Gt
= The bty st e prceced oo heat ueng ¥aruport nd soeage

= Do nol clean with pressurized water, cleaning agents, steam, etc.

Battery Transportation and Handling

P E,Ye = Transportation of lithium ion
Drermntocts <M Maclean batteries are considered
&S

“dangerous goods” and fall
under TDG regulations when
outside of a vehicle and
require special
classifications

* Arechargeable lithium-ion
battery falls under UN3480
and Class 9 designation

E * Labelling affixed to battery
= == = shipments

TDG Bulletin

Transporting Batteries

I * Other documentation for
. Y N shipping and SDS
Canadd Af@ > information also included
https://tc.canada.ca/sites/default/files/migr /\3‘;@

X
ated/bulletin_transporting_batteries.pdf ‘@

Note: This is a high-level overview, additional details available upon request.

https://tc.canada.ca/sites/default/files/migrated/bulletin_transporting_batteries.pdf



https://tc.canada.ca/sites/default/files/migrated/bulletin_transporting_batteries.pdf

Emergency Response — Towing Procedure

sdfflMaclean - mantenance BuLLETIN

Performance, Reliability. Innavation.

Title:

Number:

Part Number(s) Affected:
Machine Model(s) Affected:
Parts Manual Section:
PPR References:

ECN References:

PSB References:
Revision:

Creation Date:

Revision Date:

Battery Electric Vehicle (BEV) Towing Procedure
MB-GEN3205

1070616, 1133010, 1220820, 1233901
MacLean EV Series™ Vehicles

Drive Train

37069

N/A

PSB20-014EN

B

23-Sept-2020

13-Jan-2021

1.0 Scope:

The purpose of this Maintenance Bulletin (MB) is to provide a detailed explanation for the
steps to safely tow a MacLean Engineering EV Series™ vehicle.

This document is supplied as a service. The information provided was known to be up to
date at time of printing. If any discrepancies occur, please contact MacLean Engineering
as soon as possible. Up to date information will be sent where possible.

7
THE FOLLOWING PROCEDURE MUST ONLY BE PERFORMED BY
TRAINED AND QUALIFIED MAINTENANCE PERSONNEL.
FAILURE TO COMPLY MAY RESULT IN SERIOUS DAMAGE TO

LTHE VEHICLE AND/OR DEATH TO PERSONNEL.

ALWAYS FOLLOW ALL MINE SITE AND/OR GOVERNMENTAL
RULES AND REGULATIONS REGARDING VEHICLE TOWING.

BtV TOWING PROCEDURE

FROCEDURE

© @ N O AW

[

PLACE WHEEL CHOCKS ON BOTH SIDES OF MACHINE TIRE

ENSURE HYDC PANEL DISCONNECT SWITCH IS IN THE "OFF POSITION
ENSURE 24vDC BATTERY DISCONNECT SWITCH IS IN THE "OFF" POSITICN
%HO[E\JNE%:\XT THE TOWING STRAPS TO THE FRONT BUMPER TOW POINTS OF
REMOVE THE HYDRAULIC HOSE LABELED 'TKOS' OR 'TK45" FROM THE 'T
OR TK PORT ON THE BRAKE MANIFOLD

CONNECT A HYDRAULIC HAND PUMP TO THE 'T° OR 'TK' PORT

APPLY A PRESSURE CF 300 TC 500 (MAX) PSI IN ORDER TO RELEASE
THE BRAKES

TIGHTEN ANY SLACK IN THE TOW STRAPS AND REMOVE THE WHEEL
CHOCKS FROM THE WHEEL. THE BEY MAY MOVE AT THIS TIME

TOW THE DISABLED BEY AS REQUIRED WITHOUT EXCEEDING BKM/H,
FOLLOWING MINE SITE PROCEDURE, ABOVE 6KM/H MAY CAUSE BAMAGE
TO THE TRACTION MOTOR AND MOTOR CONTROL UNIT

O WHEN YOU ARE FINISHED TOWING THE BEY, FPLACE WHEEL CHOCKS ON

BOTH SIDES OF MACHINE TIRE

. DISCONNECT THE HAND PUMP FROM PORT 'T° OR 'TK' ON THE BRAKE

MARNIFOLD

. RECONNECT THE HYDRAULIC HOSE THAT WAS REMOVED IN STEP o AND

CLOSE THE BRAKE MANIFOLD COMPARTMENT DOOR

. REPAIR ORIGINAL FAULT AND CHECK FOR ANY OTHER ACTIVE FAULTS.
. REPAIR/TROUBLESHCOT AS NEEDED.

1233901 p

‘ I . | Note: This is a high-level overview, additional details available upon request.

FIEVSEles




Emergency Response Cards — Vehicle Information

+ 5 ® MEM-977
8 Deck Truck

* Maclean in collaboration with our customers
have devolved Emergency Response Cards to
be used by the control group in an
underground emergency as a resource.

e As part of our MaclLean BEV safety training,
these Emergency Response Cards are
provided to all customers with BEVs.

‘ I . | Note: This is a high-level overview, additional details available upon request.

MEM-977
S Deck Truck

|

Serial Number

(continued)
IN CASE OF FIRE

VEHICLE INFORMATION
IMMOBILIZE VEHICLE

FIRE SUPPRESSION SYSTEM
1. Set parking brake. 2. Lower work tools to ground. 3. Chock the wheels. itk oot

e0 suppression
automatcady actate. folow 1hese stops 1o
actato

LL6-WIN
MEM-977

DISABLE VEHICLE
PRIMARY PROCEDURE

1.1 vnicle is ON., turn machine key switch to OFF
positon.

2. Locate the machine 24V disconnect and move i o the
OFF position.

FIEVSEles

o
—
Serial Number:

EMERGENCY INFORMATION

exposure hazas)

nnnnnnnnnn

A\ Avays maintain a charged ry chemical fire extinguisher on the vehicle

® MEM-977
Deck Truck
Serial Number:

LL6-WIN

% MEM-977 o
W Deck Truck e
Serial Number:

WALKAROUND
T

MEM-977

Top View



BEV Service Layers — Trade Qualifications

Qualified Personnel:
Mechanic: A licensed/certified mechanic authorized by site.

e 421A - Heavy Duty Equipment Technician
X e 310S - Automotive Service Technician

 310T - Truck and Coach Technician

e 309A - Electrician — Construction and Maintenance
e 442A - Industrial Electrician

a Electrician: A licensed/certified electrician authorized by site.

4m MacLean Only: Only a MacLean Employee can complete the task.
MaclLean

Trade names as per
Skilled Trades Ontario
www.skilledtradesontario.ca



http://www.skilledtradesontario.ca/

Low Conductive Coolant Improve Battery Design

Implementation of low conductive coolants minimize the risk of internal arcing within liquid
cooled BEV batteries.

* Early BEV battery internal design increased the risks of internal arcing.

 MacLean and some of our Partners introduced low conductive coolants into there
specifications and standards to reduce inherent risks of a breech of coolant.

* Improvements in internal battery design further reduce risks of arcing.

 Commercial grade diesel engine coolants have a conductivity range of ~“3000-5000 uS/cm.

e Low Conductive Coolants have a conductivity range of ~1-20 uS/cm.

* Electrical conductivity is measured in uS/cm (micro-siemens per centimeter). s

8=kt Cool Pump Pow [W] @
0 Cool Pump [RPY] 08

Bant Coolant Conductivity [:Sicm] 523

‘ m ' = -"MM
Note: This is a high-level overview, additional details available upon request.




FEVSEries

BEV Service Layers

Battery Subpack (’“‘n!cmonly)

Battery Disconnect Unit (BDU) (ﬂcmonly)

Battery Assembly (External Service)
Vehicle (HV Panels)

Vehicle (External Service)

4 m Note: This is a high-level overview, additional details available upon request. Application Intelligence



Commissioning Documents — BEV Specific FIEVOCTICS

ELECTRIC VEHICLE

. Pre-Energized Inspection and Testin

[wems T ame T Dertion T s trucions T Erpeced Rest T ctu Rt T T ot
Testing

The purpose of Al equired checks should be

1 i /pi Field Cc i pecif i

. I i . found
Pre-Op Check (Visual | The purpose of this check i to verfy that the BEV
only without 24vor | - meets the designated pre-op checks before. MB-GEN3136 (377) Al equired checksshould be
. : MB-ELE1319 completed and no deficiencies.
found

750VDC Battery Power | proceeding to further steps that il require the
Energized) vehice tobe energlzed

) i " either
L Using handheld conductivty meter,either take acoolant | oo ol T

.
R e T
ety Coont || T pUose s checkistoverty e | e oPen the oot esenoirnd " | should b under e rcormende
7 1ot he T4S cmants it e
es “ lg 3| commatytoer | Pyl e S conlant W |3 g e et metr e aresangortne | VAue (30mico emensishe

the alarm level)

rify later.
-Open HVDCPancl and using fuse Damacodandthe | o0 T

MG i ‘match what s shown on the fuse ID
A ~Fuse location is correct i
Panel the correct position, are the correct brand, and ~Fuse size is correct
Al fuses should have correct
are the corect size. <Allfuses are an appropriate brand/style

P e labeling and markings.

1. Open AC Panel and using fuse labels attached above the.

- vidual f icabl ) drawing |
|A = Vehicie and Drive system| BT E e DTS individual fuses and the applicable electrical drawing | All fuses in the HVDC panel should

together,verfy match what s shown on the fuse ID
5 | VerlyFuses nside AC | fuses located inside the AC panel are both in the rmf:m;";lm hsm :m onthe fuse:
Fanel PO EIL A IEED -Fuse size is correct. All fuses should have correct

the correct size.

. obile Energized Inspection and Testing S R —

IN software version. 2. Download the correct versions onto your laptop. conectflesloaded onto heic
e versions. laptop.

Al panels should have all required
labels, These may include the

. The purpose 1 following
Voltage Labels
~Name Plate Labels
The purpose of tis check s o veriy that all e ————
R panels/junction boxes on the machine are s el T ——
Boxes Are sealed o access o open orlid clamps that are
fraiten al functioning properly and in place.
Pre-Op Check (Visual | The purpose o this check s to verify that the ;
(D Al required checks should be
1 ottt completed and no deficiencies
fount
Energized) reauire the vehicle to b ound
The purpose
rovi ngineering forr
2 Serial Number Battery Assembly serial number. it GRS O]

keeping.

Note: This is a high-level overview, additional details available upon request.



- MacLean
=2 ACADEMY

MaclLean Academy

Multiple E-Learning Courses Available:

e Operator, Mechanical & Electrical safety training

Accessible, traceable, engaging

Web-based for ease of access

Built-in knowledge checks and final tests

Provides set up to hands-on training and VR simulators
competency assessment in the field

Hands-on/practical

E-learning

MacLean f\

Application Intelligence




In Summary..

e Safety systems continue to mature as more BEV
machines are deployed.

e For BEV to continue being successful you need to:

o Understanding of the potential risks and how to
mitigate them.

o Continuous improvement with the help of customers.
o Training, Training, Training.

e Adoption of BEV technology in the mining industry
is happening now, are you ready?

MacLean f\

Application Intelligence

o0




J

Q&A + Contact Info

Please do reach out for any questions, re‘quésts f&a
documentation or discussions on how th|s could.
work for your project/operation. %

Alexander Lenz — alenz@macleanengineering.com:
Ryan Proulx — rproulx@macleanengineering.com

https://macleanengineering.com/ev-series/



mailto:alenz@macleanengineering.com
mailto:rproulx@macleanengineering.com
https://macleanengineering.com/ev-series/
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