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Why are we here?

Climate imperative

Electrification maturity and proliferation
Safety concerns

Workforce of today and future skills

To provide confidence
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Concerns Roundtable July 2025

| Better understand the machines we are talking about
I Components and topology
I Operating voltage
I Propulsion parts of the vehicle / machine

I OVehicles use ADR (Australian Design Rules) and international standardsEO

I Vehicle OhigherO voltage systems are OsimplerO / OlimitedO

| Safety of Lithium Batteries?
I 'What education and training framework exists today?

I ' What service tasks we are talking about?
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TRUCTION & MINING EQUIPMENT INDUSTRY GROUP

WA Regulatory Context
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Dictionary

Definitions from Oxford Languages - Learn more

Q conveyance

/kan'velans/

noun

1. the action or process of transporting or carrying someone or something from one place

to another.

Dictionary

Definitions from Oxford Languages - Learn more

object

noun
0 /'obd3ikt, 'bbd3zekt/

1. a material thing that can be seen and touched.

4 AlOverview

The main propulsion components of an electric vehicle are
the traction battery pack, which stores the energy; the
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CMEIG Equipment Supporting Standards Framework

I"HBY6& &()*+'(%,%'#, %),
About 11081 #1.2%'30,3)&%&")+/4

Secretariat: ANSI (United States)
Committee Manager: Ms Sally Seitz

I SO/ I C 1 2 7 Chairperson (until end 2029): Mr Eric Moughler

ISO Technical Programme Manager [TPM]: Mme Merce Ferrés Herndndez
ISO Editorial Manager [EM]: Ms Tajna Biscevic

Earth-moving machinery

Scope

Standardization of nomenclature, use classification, ratings, technical
requirements and test methods, safety requirements, operation, maintenance
manual format for earth-moving and related machinery.
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Australian Standards
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Relevant StandarddBatteries and Integration

Scope of
Test Level Category Standard

EV battery

EV battery

Industrial
applications

EV battery

EV battery

Industrial
applications

EEMM

CONSTRUCTION & MINING EQUIPMENT INDUSTRY GROUP

Cell

Pack/System

Cell/System

Cell

Pack/System

Cell/System

Vehicle

Battery
performance

Battery
safety

Vocabulary
and
information

IEC 62660-1
Secondary lithium-ion cells for the propulsion of electric road vehicles - Part 1: Performance testing

ISO 12405-4
Electrically propelled road vehicles — Test specification for lithium-ion traction battery packs and systems — Part 4:
Performance testing

IEC 62620
Secondary cells and batteries containing alkaline or other non-acid electrolytes - Secondary lithium cells and
batteries for use in industrial applications

IEC 62660-3

Secondary lithium-ion cells for the propulsion of electric road vehicles — Part 3: Safety requirements

ISO 6469-1

Electrically propelled road vehicles — Safety specifications — Part 1: Rechargeable energy storage system (RESS)
IEC 62619

Secondary cells and batteries containing alkaline or other non-acid electrolytes — Safety requirements for secondary
lithium cells and batteries, for use in industrial applications

ISO/DTR 5757
Earth-moving machinery — Machines utilizing electric rechargeable energy storage systems (RESS)

0*3%' 1*+0

2)0'#. 65"+
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Battery Chemistry and Quality

I"HBY6& &()*+'(%,%'#, %),
11081 #1.2%'30,3)&%&")+/4
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Battery Chemistry and Quality

I"HBY6& &()*+'(%,%'#, %),
11081 #1.2%'30,3)&%&")+/4

Chemical Name Abbreviation B
Cylindrical cell N Tismatic ceJ]
Lithium Cobalt Positive
;i LCO
Oxide
Negative
Lithium Iron
lectrode
Phosphate ChP £
Separator
Lithium-lon LMO Positive
Manganese Oxide electrode
Lithium Nickel
Cobalt Aluminium NCA
Oxide
Pouch cell
Lithium Nickel
Manganese Cobalt NMC o
Oxide \‘ .
Lithium titanate LTO
Pouch

N/

Positive
electrode

Negative

electrode Separator
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Earthmoving Machine Powertrain Topologies

I"HBY6& &()*+'(%,%'#, %),
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I Diesel
I Dieseklectric
I Diesehybrid electric

| Battery electric

I Cable/Mains electric
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ICE Earttmoving Machine
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ICE Electri®rive Earttmoving Machine
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|ICEPHybrid Electric Eardmoving Machine
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Battery Electric Eadhoving Machine
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Cable / Mains Powered Eamtbving Machine
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Earthmoving Machine Powertrains

! Diesel
| Dieseklectric

| Diesehybrid electric L Electrical maintenance tasks
are generally very consistent

| Battery electric

—_—

I Cable/Mains-electric
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Mercedes #Actros Truck

Power-Steering Pump
Trailing Axle

Junction Boxes

High Voltage |
Air Compressor High Voltage | Drive
Power Distribution Unit I' Inverter

J

J
J

J
J
J

High Voltage |
Brake Resistors / Charging Controller |
J J
J

J
|

AC Compressor 1

1 Low Voltage
" High Voltage Batteries Power Distribution Unit

d

|

|
|
|
|
| Gatorten darch
\, Power-Steering Pump o o b ® b et d< Erneuerbar
mobil
i anis (L) Mercedes-Benz
IHSY68 &)+ (%, %', %),
J10&1,#1.2%'30,3)&%&") +/4'

Cooler {low temperature,
high temperature) Front Axle
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Tesla Model Y Juniper (400V DC) R ORI 6,

JI081,#1.2%'30,3)&%&)+/4

1. High Voltage Cabling
. Heat Pump Assembly
- Front Motor (Dual Motor vehicles only)

ts
High Voltage Componen

High Voltage Battery

Rear Motor

2

3

4.

5. High Voltage Cabling
6.

y 8

8. High Voltage Busbars
9.

Charge Port

& warniNG
The high voltage system has no user serviceable parts. Do not disassemble, fémove or replace
high voltage Components, cables or connectors. High voltage cables are typically colored orange
for easy identification,

i erved
i Group Inc, All rights res
i ining Equipment Industry
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Two videosE
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Video (R1700XE)
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Videob(Toyota Hybrid/Electjic
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https://www.youtube.com/watch?v=XtWvIEDQXLA
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Proposed takeaways

I"HBY6& &()*+'(%,%'#, %),
11081 #1.2%'30,3)&%&")+/4

| Earthmoving machine architestoilar tautomotive
I Similar architecture, similar voltages, parts commonality
I (Arguably) higher controls in place in earthmoving vs. automotive

I Work tasks are procedural
I diagnostic tool ! identify faulty component ! unplug / unbolt / replace

I International approach vs Australian approach

I Process shown (and other processes) are part of the existing AURSS0063/64 training package

I Wellestablished training/procedures are iDglacmotive >20 years in Australia
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QLD Revie®Master Electricians Australia Submission

I"HSHY& (&)*$+,(,-$.#"&/OHB&)12'(-35&) $45-(#-"&A$6&("S("HSTBI:'S" 201$#$*& H)S("#$,44,-(2) &(3$(,$<,-+50& HS("#$
G- JH#S  [2--#)(03;4#&)*$1# 40, 4# 1K, SLIH<Q)HSSS/ +AH#(H)($4#- )$5)1$("#$<,-+50$>2508<&/5(&.,)'$5) 1$08/4)1#'$
VHHLH1S(,$+58&)(5&)$5)1$-#458&-$+,(,-$.#"&/0#'$&)/0218)*$87'@

A<$5)3$0&/4)' &)*$&'S(,$:#$/,) &1H#-#1$2) 1#-$("#$80#/(-&/50$B5<#(3$C/(=$&($",201$;#$0&+&#H1$(,$5$DH' (-&/ (#1$80#/(-&
E&/#)#$5)1$1# &*)#1$'4#/8<&/5003$<,-S(HP)##1'S, <$("#$82$8)12'(-3@

I"#$6,-FS("5($8&'$:#8)*$1,)#$;35("H#$IICGS$5) 1$ICHES6&("S("#B&) (-, 12/(&,)$, <$+&/-, $/-#1#) (&508)*$(,$24' F&O0$HY &' (&)*$
+#1"5)&/'$5)1$("#$&) (-, 12/(&,)$, <$("#$I#-(IS&)SC2(,+,(& #SBOH/ (-&/$?# " &IOHSHI"),0,*3=$6&00$"5 #$("#$;# ($/'5)/#$,<$
5SKL2'($(-5)'&(&, )M$<,-S("H#$H#%&' (&)*SAIBS #'&IOHS6,-F<,-IH=$42(S("HSOH#5'($'(-58)$,) S (" HSHOH/ (-&/50$8)12'(-3$6,-F<,-#=
[52'HS("HOH5' ($5+,2)($, <$O#*&'05(&.#$, #-054@

87:$"5 #$+5)3$<H6#-$+,.8)*$45-('$("5)SAIBS.H#'&IOH'=$"5 HSHS0HLS/,+4,)#)('=$5) 1$5-#S1# &*WH1$(,$:#$K402*$5)1$
4053M$<,-$+5&)(#)5)/#$5) 1$-#45&-=$6&("$789:'$4-,.& 1&)*$18&5%),(&/$', <(65-#$5) L$#Y/HO0H) ($4-,12/($(-5&)&)*$5) 1$
+5)250'=$L2'($5'$("#3$/2--#)(03$1,$<,-$AISS.#"&/O#'
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Current BEV training packages

I"#$%& &()*+ (%, % H#,%-),"
"HE%%%E () *+,,-./(01-2,.32(4-5321-(63+789:-(+8; (#-<+3.($=311($-, 081 #1230, 3) 8% &+
"#3%&S$' () &+,-./0123*.145.2*671/*.81,,*29*+.145.::<6 =+,12,.>*09/7*+
"#3%&2'@'  A*6BC*2.145.2*¥949,9179+*.81, *2D.*7*/,29/.>*09/7*+
"#3%&2' @E A9134B+*.145.2*6192.,21/,9B4.<B,B2.+6**5./B4,2B7.+D+,*<+.94.81,,*2D.*7*/,29/.>*09/ 7*+
"#3%&2'@)  A9134B+*.145.2*6192.0930.>B7,13*.,21/,9B4.<B,B2+.94.81,,*2D.*7*/,29/.>*09/7*+
"#3%&2'@F  A9134B+*.145.2*6192.1;G97912D.<B,B2+.145.1++B/91,*5./B<6B4*4,+.94.81,,*2D.*7*/,29/.>*09/7*+.H
"#3%&2' @1 A9134B+*.145.2*6192.2J"K.145.2*/0123*187* *4*23D.+,B213*./BB7943.+D+,*<+.94.81,,*2D.*7*/,29/.>*09/7*+.H
"#3%&2'@L  A9134B+*.145.2*6192.AK.,B.AK./B4>*2 *2+.94.81, *2D .*7*/,29/.>*09/7*+.H

"H$$%9%6%8&> () (*+,,-./(01-2,.32(4-5321-(?8:<-2,398(+8;($-. @32387($=311($-,
| "4$%&2'@' A*6BC*2.145.2%949,9179+*.81, *2D.*¥7*/,29/.>*09/ 7*+

| "H$%&2' @( M4+6%/,.145.<194,194.81,,*2D.*7*/,29/.>*09/7*+.H
|
|

"#E%&?'@N A9134B+*.145.2*6192.0930.>B7,13*.2*/0123*187*.*4*23D.+,B213*.+D+,*<+.94.81,,*2D.*7*/,29/.>*09/7*+.H
"H#E%&?'@O A9134B+*.145.2*6192.+D+,*<.94+,2;<*4,1,9B4.94.+1P*,D.94,*27B/Q+.94.81,,*2D.*7*/,29/.>*09/7*+.H

"H$$%%% A )(BIC.3:(01-2,.32(4-5321-(78:<-2,398(+8;($-. @32387($=311($-,
"#$%8?@'@.A9134B+*.145.2+6192.0930.>B7,13*.2*/0123*187* *4*23D . +,B213* +D+,*<+.94.0D8295.*7*/,29/.>*09/ 7*+
"#$%&?@" . A*6BC*2.145.2¥949,9179+*.0D8295.*7*/,29/.>*09/ 7*+
"#$%8&?@'(.R*2>9/*.145.<194,194.*7*/,29/17./B<6B4*4,+.94.0D8295.*7*/, 29/ >*09/ 7*+

I"#$%& %' P+ $#,-.-%/0%1%2343456/0/74
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https://training.gov.au/training/details/AURSS00063/skillsetdetails
https://training.gov.au/training/details/AURETR125
https://training.gov.au/training/details/AURETR125
https://training.gov.au/training/details/AURETH101
https://training.gov.au/training/details/AURETH101
https://training.gov.au/training/details/AURETH104
https://training.gov.au/training/details/AURETH104
https://training.gov.au/training/details/AURETH105
https://training.gov.au/training/details/AURETH105
https://training.gov.au/training/details/AURETH106
https://training.gov.au/training/details/AURETH106
https://training.gov.au/training/details/AURETH108
https://training.gov.au/training/details/AURETH108
https://training.gov.au/training/details/AURETH109
https://training.gov.au/training/details/AURETH109
https://training.gov.au/training/details/AURSS00064/skillsetdetails
https://training.gov.au/training/details/AURETH101
https://training.gov.au/training/details/AURETH101
https://training.gov.au/training/details/AURETH102
https://training.gov.au/training/details/AURETH102
https://training.gov.au/training/details/AURETH103
https://training.gov.au/training/details/AURETH103
https://training.gov.au/training/details/AURETH107
https://training.gov.au/training/details/AURETH107
https://training.gov.au/training/details/AURSS00037/skillsetdetails

Service tasks on electrified powertrains

Nonelectrical tasks
E e.g.filter changes, hydraulic systems, structures, checking fluids, consumables
** Some of these tasks will require depower/refinsmate/test for dead

ELV Electrical tasks
F Work on DC 12V, 24V or 48V systems, CANBUS, Ethernet, Telematics, Instrumentation, troul
OClassic auto electricians workO

'ProceduralO Electrical tasks (on depowered >ELV systems) )
G Diagnostic tool usage, Pfikaed component removal, Oinsert tool hereO troubleshooting
Replace like for like electrical components

Electrical workO
H Batterynternal work, >ELV component internal troubleshooting
Typically done in a controlled envirengieituild/workshop

© Construction & Mining Equipment Industry Group Inc, All rights reserved.
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Non-electrical tasks
e.g. filter changes, hydraulic systems, structures, checking fluids, consumables
** Some of these tasks will require depower/repower

ELV Electrical tasks
Work on DC 12V, 24V or 48V systems, CANBUS, Ethernet, Telematics, Instrumentation, troubleshooting
“Classic auto electricians work”

'Procedural’ Electrical tasks (on depowered >ELV systems)

3 Diagnostic tool usage, Poka-Yoked component removal, "insert tool here” troubleshooting

*
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‘Electrical work’

e®

—4 — Battery-internal work, >ELV component internal troubleshooting

Typically done in a controlled environment e.g. rebuild/workshop
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SB,.T*7*/,29/17.CB2QU.B2.2*+,29/,*5.*7*/,29/174.

"662B6291,*.,2194943 +/0%<*+.94.671/*
VWB8+.X.RQ9I77+.KB;4/97+.Y.Z%]\

[*/0149+<.PB2.$*/B349,9B4.BP.,2194943
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Proposal Framework

12B6B+*5.81+9+.PB2.14D.79/*4+948.B2.
945;+,2D.2*/B349,9B4.BP.,2194943

AUR31220 -
Certificate Il in Mobile
Plant Technology

Work on hybrid and battery -
electric earthmoving
machines

OR

AUR30320 -
Certificate Ill in Automotive <+

Electrical Technology

OR

Other Pathways

AURSS00064 -
Battery Electric Vehicle
Inspection and Servicing Skill Set

AURSS00063 -
Battery Electric Vehicle

Diagnose and Repair Skill Set

+

I
1
1
\
\
\
\

-
-
-
-

Original Equipment
Manufacturer Training

_______
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ProposabNext Steps
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L "HE%&! () +(,- [0S1+2#/(0(#,+(,+&+3#/(O(#,+3&2*THA+EH-FHHO+IBET0 7, tonstistote e sctes st s ot

** Some of these tasks will require depower/repower

ELV Electrical tasks :
22— Work on DC 12V, 24V or 48V systems, CANBUS, Ethemet, Telematics, Instrumentation, troubleshooting

! 8&2+/9("/+6$&%*#$9+6#$+- (66*$*1 O+* ) O$1+2&0, &1/ 4 “Classic auto electricians work” ,.5
- Procedural’ Electrical tasks (on depowered >ELV syst

! 5l&$(6 1+ (’ - / O$1+(1 O*$2$*O &O(# ’ +#6+9*1+0*$%/ .:‘-* 7 Diagnostictool usage, Poka-Yoked component removal, "inseritool here” troubleshooting

! <* 6 ( y *+ : ; &O + O &/ 9 / + &$* + ( y + *& 7 ; + / 7# 2 * —4 — Batt.ery-inlemal_ work, >ELV comppnent internal trou_bleshooting
Typically done in a controlled environment ¢.g. rebuild/workshop

| <=2+ 8 +6$&%* HFI+64S+>*$(6(7&0(#, +#6+/9("/

Proposed basis for any licensing or
industry recognition of training

A
?@< | |
H
AUR31220 -
Certificate Ill in Mobile
Plant Technolopgy ... ...
AURSS00064- =TT TN .
OR Battery Electric Vehicle et N
Work on hybrid and battery - _ ion and Servicing Skill Set ! Original Equipment i
electric earthmoving = PUIEIERD i I ar et e A |
machines Certificate ll in Automotive  + T j L enracureriehne 1
I *. 0 * * 0 Electrical Technology . . o -
A*T7#%*+/.22#30(,B+B.(-&, 7*+6$#%+A?+CDEFG e sz ||
. O [ ] [ y H OR Diagnose and Repair Skill Set
Other Pathways
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https://www.worksafe.qld.gov.au/safety-and-prevention/hazards/electricity/electric-vehicle-guidance
https://www.worksafe.qld.gov.au/safety-and-prevention/hazards/electricity/electric-vehicle-guidance
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https://www.haveyoursay.nsw.gov.au/motor-trades-qualifications
https://www.haveyoursay.nsw.gov.au/motor-trades-qualifications

