AURETH101 Depower and reinitialise battery electric vehicles 

Contents
AURETH101 Depower and reinitialise battery electric vehicles	2
Assessment Requirements for AURETH101 Depower and reinitialise battery electric vehicles	5
AURETH103 Diagnose and repair high voltage rechargeable energy storage systems in battery electric vehicles	7
Assessment Requirements for AURETH103 Diagnose and repair high voltage rechargeable energy storage systems in battery electric vehicles	10
AURETH104 Diagnose and repair traction motor speed control systems in battery electric vehicles	14
Assessment Requirements for AURETH104 Diagnose and repair traction motor speed control systems in battery electric vehicles	17
AURETH105 Diagnose and repair high voltage traction motors in battery electric vehicles	20
Assessment Requirements for AURETH105 Diagnose and repair high voltage traction motors in battery electric vehicles	23
AURETH106 Diagnose and repair auxiliary motors and associated components in battery electric vehicles	26
Assessment Requirements for AURETH106 Diagnose and repair auxiliary motors and associated components in battery electric vehicles	29
AURETH107 Diagnose and repair system instrumentation and safety interlocks in battery electric vehicles	32
Assessment Requirements for AURETH107 Diagnose and repair system instrumentation and safety interlocks in battery electric vehicles	35
AURETH108 Diagnose and repair HVAC and rechargeable energy storage cooling systems in battery electric vehicle	38
Assessment Requirements for AURETH108 Diagnose and repair HVAC and rechargeable energy storage cooling systems in battery electric vehicle	41
AURETH109 Diagnose and repair DC to DC converters in battery electric vehicles	45
Assessment Requirements for AURETH109 Diagnose and repair DC to DC converters in battery electric vehicles	48
AURETH110 Diagnose and repair high voltage rechargeable energy storage systems in hybrid electric vehicles	51
Assessment Requirements for AURETH110 Diagnose and repair high voltage rechargeable energy storage systems in hybrid electric vehicles	54
AURETH114 Diagnose complex faults in hybrid and battery electric vehicle network management systems	57
Assessment Requirements for AURETH114 Diagnose complex faults in hybrid and battery electric vehicle network management systems	59

[bookmark: _Toc43902422][bookmark: _GoBack]AURETH101 Depower and reinitialise battery electric vehicles
[bookmark: _Toc43902423]Application
This unit describes the skills and knowledge required to depower and reinitialise battery electric vehicles (BEVs). It involves ensuring the vehicle high voltage (HV) rechargeable energy storage system (RESS) is isolated before commencing any service or repair work. It also involves calibrating vehicle systems that may need resetting once the energy storage system is reinitialised. Importance is placed in the unit on applying RESS and separated extra low voltage (SELV) electrical safety procedures.
The unit applies to those who work in the automotive service and repair industry. 
[bookmark: O_794218]No licensing, legislative, regulatory or certification requirements apply to this unit at the time of publication.
[bookmark: _Toc43902424]Unit Sector
Electrical Technical – Hybrid Vehicle and Battery Vehicle
[bookmark: _Toc43902425]Elements and Performance Criteria
	ELEMENT
	PERFORMANCE CRITERIA

	Elements describe the essential outcomes.
	Performance criteria describe the performance needed to demonstrate achievement of the element.

	1. Prepare to depower and reinitialise BEV
	1.1 Identify job requirements from workplace instructions
1.2 Identify required information for servicing activity 
1.3 Identify hazards associated with the work, assess potential risks and implement control measures in line with workplace policies and procedures
1.4 Identify tools and equipment required for servicing activity and establish serviceability according to workplace procedures

	2. Deactivate vehicle RESS
	2.1 Locate and disconnect SELV supply according to manufacturer specifications
2.2 Locate and remove RESS service plug or manual service disconnect to depower vehicle HV RESS according to manufacturer specifications
2.3 Stabilise vehicle is stabilised ensure zero residual voltage according to manufacturer procedures
2.4 Secure and retain RESS service plug or manual service disconnect to prevent refitting by third party

	3. Reinitialise vehicle RESS
	3.1 Reconnect SELV and RESS service plug or manual service disconnect in the correct order and reactivate vehicle 
3.2 Carry out diagnostic tests to ensure correct recalibration of subsystems affected by depower process according to manufacturer procedures
3.3 Check RESS and vehicle subsystems for correct operation
3.4 Report post-reactivation faults according to workplace procedures

	4. Complete work processes
	4.1 Conduct final inspection according to workplace procedures and confirm vehicle is ready for use 
4.2 Clear work area and dispose of or recycle materials according to workplace procedures
4.3 Complete documentation according to workplace procedures


[bookmark: _Toc43902426]Foundation Skills
This section describes those language, literacy, numeracy and employment skills that are essential to performance but not explicit in the performance criteria.
	Skills
	Description

	Learning 
	· locates required sources of information efficiently

	Reading 
	· interprets text, symbols and diagrams in depowering and reinitialising information in manufacturer specifications, and workplace instructions and procedures

	Oral communication 
	· listens to workplace instructions and ask questions to clarify job requirements
· participates in verbal exchanges when depowering and reinitialising BEVs

	Numeracy 
	· matches electrical components and part identification numbers to workplace instructions, vehicle and component part lists, and manufacturer specifications
· interprets vehicle electrical measurements and readings on digital and analogue gauges
· interprets measurements of residual voltage and high voltages relating to BEVs

	Planning and organising 
	· plans own work requirements
· prioritises actions to achieve required outcomes
· ensures tasks are completed within workplace timeframes

	Problem solving 
	· identifies faults in reinitialising process that need to be reported

	Technology 
	· uses specialised tools


[bookmark: O_794222][bookmark: _Toc43902427]Unit Mapping Information
Supersedes and is equivalent to AURETH001 Depower and reinitialise battery electric vehicles.
es 
[bookmark: O_794230][bookmark: _Toc43902428]Links
Companion Volume Implementation Guide is found on VETNet: https://vetnet.education.gov.au/Pages/TrainingDocs.aspx?q=b4278d82-d487-4070-a8c4-78045ec695b1
[bookmark: _Toc41319752][bookmark: _Toc41575588][bookmark: _Toc41582086][bookmark: _Toc42186827][bookmark: _Toc43902429]
Assessment Requirements for AURETH101 Depower and reinitialise battery electric vehicles
[bookmark: _Toc43902430]Performance Evidence
The candidate must demonstrate the ability to complete the tasks outlined in the elements, performance criteria and foundation skills of this unit, including evidence of the ability to:
· safely depower the rechargeable energy storage system (RESS) and separated extra low voltage (SELV) system of two different battery electric vehicles (BEVs), and stabilise the vehicles ensuring that no residual high voltage (HV) is measured
· safely reinitialise each BEV’s RESS and SELV system and confirm correct vehicle operation.
[bookmark: _Toc43902431]Knowledge Evidence
The candidate must be able to demonstrate knowledge to complete the tasks outlined in the elements, performance criteria and foundation skills of this unit, including knowledge of:
· methods to locate and interpret information required to depower and reinitialise battery electric vehicles, including:
vehicle manufacturer specifications and procedures or equivalent documentation
· workplace procedures required to depower and reinitialise battery electric vehicles, including:
establishing the serviceability of tools and equipment 
documentation procedures
housekeeping procedures, including:
examination of tools and equipment
storage of equipment
identification, tagging and isolation of faulty equipment
disposal of excess materials
recycling procedures
· work health and safety (WHS) requirements relating to depowering and reinitialising BEVs, including procedures for:
identifying hazards and controlling risks associated with:
working with high voltages on BEV electrical systems
wearing jewellery while working around high electrical currents
determining appropriate procedures for minimising risk associated with hazards, including applying electrical safety precautions when:
using personal protective equipment (PPE), including electrical safety gloves with 1000 volt rating and Australian standards rated HV insulating mat
identifying and using firefighting equipment as appropriate
using the ‘one hand’ rule
following live system warning tags and signs
depowering vehicle
isolating HV RESS electrical supply
stabilising vehicle electrical system
· requirements of AS 5732 Electric vehicle operations - Maintenance and repair 
· operating principles of RESS and SELV electrical systems relevant to a range of BEVs
· purpose and operation of a range of vehicle RESS depowering and reinitialising methods.
[bookmark: _Toc43902432]Assessment Conditions
Competency is to be assessed in the workplace or a simulated environment that accurately reflects performance in a real workplace setting.
Assessment must include direct observation of tasks.
Where assessment of competency includes third-party evidence, individuals must provide evidence that links them to the BEVs that they have depowered and reinitialised e.g. repair orders.
Assessors must verify performance evidence through questioning on skills and knowledge to ensure correct interpretation and application.
The following resources must be made available:
· automotive repair workplace or simulated workplace
· PPE and safety equipment, including electrical safety gloves with 1000 volt rating and Australian standards rated HV insulating mat
· manufacturer specifications and service procedures for the BEVs being depowered and reinitialised
· AS 5732 Electric vehicle operations - Maintenance and repair
· two different BEVs as specified in the performance evidence
· electrical test equipment, including:
digital multimeter with Cat III 1000 volt rating
insulation tester
residual voltage tester, if specified in original equipment manufacturer (OEM) test requirements
scan tool
· tools, equipment and materials appropriate for depowering and reinitialising BEVs.

Assessors of this unit must satisfy the requirements for assessors in applicable vocational education and training legislation, frameworks and/or standards.
[bookmark: _Toc43902433]Links
Companion Volume Implementation Guide is found on VETNet: https://vetnet.education.gov.au/Pages/TrainingDocs.aspx?q=b4278d82-d487-4070-a8c4-78045ec695b1


[bookmark: _Toc41319753][bookmark: _Toc41575589][bookmark: _Toc41582087][bookmark: _Toc42186828][bookmark: _Toc43902434]AURETH103 Diagnose and repair high voltage rechargeable energy storage systems in battery electric vehicles
[bookmark: _Toc43902435]Application
This unit describes the skills and knowledge required to diagnose and repair faults in the high voltage (HV) rechargeable energy storage systems (RESS) of battery electric vehicles (BEVs). 
The unit involves preparing for the task, sourcing a diagnostic testing strategy, diagnosing the cause of the fault, carrying out the repair, performing post-repair testing, and completing workplace processes and documentation. Importance is placed in the unit on applying electrical safety procedures when working on HV RESS.
The unit applies to those who work in the automotive service and repair industry. 
No licensing, legislative, regulatory or certification requirements apply to this unit at the time of publication.
[bookmark: _Toc43902436]Prerequisite Unit
AURETH101 Depower and reinitialise battery electric vehicles
[bookmark: _Toc43902437]Unit Sector
Electrical Technical – Hybrid Vehicle and Battery Vehicle
[bookmark: _Toc43902438]Elements and Performance Criteria
	ELEMENT
	PERFORMANCE CRITERIA

	Elements describe the essential outcomes.
	Performance criteria describe the performance needed to demonstrate achievement of the element.

	1. Prepare to diagnose and repair high voltage rechargeable energy storage systems in battery electric vehicle
	1.1 Identify job requirements from workplace instructions 
1.2 Identify required information for diagnosis activity 
1.3 Analyse diagnostic options and source testing strategy to identify cause of fault using workplace and manufacturer procedures 
1.4 Identify hazards and environmental issues associated with diagnose and repair activity, assess potential risks and implement control measures in line with workplace policies and procedures 
1.5 Identify tools and equipment required for testing strategy and establish serviceability according to workplace procedures 

	2. Diagnose rechargeable energy storage systems in battery electric vehicle
	2.1 Implement diagnostic tests set out in testing strategy according to manufacturer and workplace procedures, and workplace health and safety requirements
2.2 Identify cause of fault through analysis of diagnostic test results
2.3 Confirm and report cause of fault according to workplace procedures
2.4 Develop and report recommendations for necessary repairs according to workplace procedures

	3. Repair rechargeable energy storage systems in battery electric vehicle
	3.1 Identify required information for repair activity 
3.2 Identify tools, equipment and materials required for repair activity and establish serviceability according to workplace procedures 
3.3 Isolate RESS service plug or manual service disconnect and depower vehicle HV RESS according to manufacturer specifications
3.4 Carry out repairs according to workplace and manufacturer procedures, manufacturer specifications, workplace health and safety and environmental requirements
3.5 Reconnect RESS service plug or manual service disconnect and repower vehicle HV RESS
3.6 Carry out post-repair testing according to workplace procedures, workplace health and safety and environmental requirements 

	4. Complete work processes
	4.1 Conduct final inspection according to workplace procedures and confirm vehicle is ready for use 
4.2 Clear work area and dispose of or recycle materials according to workplace procedures
4.3 Complete documentation according to workplace procedures


[bookmark: _Toc43902439]Foundation Skills
This section describes those language, literacy, numeracy and employment skills that are essential to performance but not explicit in the performance criteria.
	Skills
	Description

	Learning 
	· locates required sources of information efficiently
· develops a sequenced plan for a specific task

	Reading 
	· organises and interprets technical information from workplace procedures, manufacturer procedures and manufacturer specifications
· interprets symbols and wiring diagrams

	Oral communication 
	· clarifies instructions
· obtains information from customers and supervisors

	Numeracy 
	· matches electrical components and part identification numbers to workplace instructions, vehicle and component part lists, and manufacturer specifications
· interprets vehicle electrical measurements and readings on digital and analogue gauges
· measures voltage, current and resistance
· uses mathematical operations
· calculates deviations from manufacturer specifications

	Planning and organising 
	· plans own work requirements
· prioritises actions to achieve required outcomes
· ensures tasks are completed within workplace timeframes

	Technology 
	· uses specialised tools 



[bookmark: _Toc43902440]Unit Mapping Information
Supersedes and is equivalent to AURETH003 Diagnose and repair high voltage rechargeable energy storage systems in battery electric vehicles.
[bookmark: _Toc43902441]Links
Companion Volume Implementation Guide is found on VETNet: https://vetnet.education.gov.au/Pages/TrainingDocs.aspx?q=b4278d82-d487-4070-a8c4-78045ec695b1


[bookmark: _Toc41319754][bookmark: _Toc41575590][bookmark: _Toc41582088][bookmark: _Toc42186829][bookmark: _Toc43902442]Assessment Requirements for AURETH103 Diagnose and repair high voltage rechargeable energy storage systems in battery electric vehicles
[bookmark: _Toc43902443]Performance Evidence
The candidate must demonstrate the ability to complete the tasks outlined in the elements, performance criteria and foundation skills of this unit, including evidence of the ability to:
diagnose and repair high voltage (HV) rechargeable energy storage systems (RESS) in at least two different battery electric vehicles (BEVs) to correct at least one of the following performance deficiencies in each:
high resistance in an input system
component failure
abnormal or irregular noises.
[bookmark: _Toc43902444]Knowledge Evidence
The candidate must be able to demonstrate knowledge to complete the tasks outlined in the elements, performance criteria and foundation skills of this unit, including knowledge of:
· methods to locate and interpret information required to diagnose and repair high voltage rechargeable energy storage systems in battery electric vehicles, including:
 information provided by customers and supervisors
Australian Standards (AS) 5732 Electric vehicle operations - Maintenance and repair
manufacturer specifications and procedures 
· workplace procedures required to diagnose and repair high voltage rechargeable energy storage systems in battery electric vehicles, including: 
establishing serviceability of tools and equipment
documentation procedures
housekeeping procedures, including:
examination of tools and equipment
storage of equipment
identification, tagging and isolation of faulty equipment
disposal of excess materials
recycling procedures
· workplace health and safety (WHS) requirements relating to diagnosing and repairing high voltage rechargeable energy storage systems in battery electric vehicles, including procedures for:
identifying hazards and controlling risks associated with:
working with high voltages in BEV electrical systems
wearing jewellery while working around high electrical currents
determining appropriate procedures for minimising risk associated with hazards, including applying electrical safety precautions when:
using personal protective equipment (PPE), including electrical safety gloves with 1000 volt rating and Australian standards rated HV insulating mat
identifying and using firefighting equipment
using the one hand rule
following live system warning tags and signs
depowering vehicle
isolating HV RESS electrical supply
stabilising vehicle electrical system
· environmental requirements relating to diagnosing and repairing high voltage rechargeable energy storage systems in battery electric vehicles, including procedures for trapping, storing and disposing of waste produced during repair.
· safe operating procedures for tools and equipment, including:
digital multimeter with Cat III 1000 volt rating
insulation tester
residual voltage tester
scan tool
oscilloscope
· operating principles of high voltage rechargeable energy storage systems in battery electric vehicles, including:
battery pack construction, including:
battery types
battery internal resistance
battery pack system, including:
charging characteristics
open circuit cells
reverse polarisation
series cell configuration
strapping and layout
· purpose and operation of high voltage rechargeable energy storage systems in battery electric vehicles and components, including:
HV battery charger and direct current (DC) to DC converter
battery management system (BMS)
power distribution unit (PDU)
· diagnostic testing procedures for high voltage rechargeable energy storage systems in battery electric vehicles, including procedures for:
accessing and interpreting scan tool system data, including:
diagnostic trouble codes (DTCs)
live data
freeze frame data
waveforms
using diagnostic flow charts
electrical system testing, including procedures for:
accessing electrical terminals and using test probes without damaging connectors, fuse holders or wiring
testing controller input and output signals and waveforms
vehicle dynamic and static testing procedures
analysing abnormal noise
analysing component failure
RESS cooling system testing
repair procedures for high voltage rechargeable energy storage systems in battery electric vehicles, including procedures for:
tightening connections
replacing faulty or damaged cable connections
removing and replacing faulty or damaged components
removing and replacing motor controller
post-repair testing procedures for high voltage rechargeable energy storage systems in battery electric vehicles, including procedures for:
DTC clearing procedures
checking for electrical connector mating
performance testing RESS.
[bookmark: _Toc43902445]Assessment Conditions
Competency is to be assessed in the workplace or a simulated environment that accurately reflects performance in a real workplace setting.
Assessment must include direct observation of tasks.
Where assessment of competency includes third-party evidence, individuals must provide evidence that links them to the RESS in BEVs that they have repaired, e.g. repair orders.
Assessors must verify performance evidence through questioning on skills and knowledge to ensure correct interpretation and application.
The following resources must be made available:
· automotive repair workplace or simulated workplace
· PPE, including electrical safety gloves with 1000 volt rating and Australian standards rated HV insulating mat
· manufacturer specifications for BEV and RESS
· AS 5732 Electric vehicle operations - Maintenance and repair
· two different BEVs with RESS and associated components accessible for diagnosis and repair or replacement activities
· electrical diagnostic equipment appropriate to the BEV being diagnosed and repaired, including:
digital multimeter with Cat III 1000 volt rating
insulation tester
residual voltage tester, if specified in original equipment manufacturer (OEM) specifications
scan tool
oscilloscope
· tools, equipment and materials appropriate for repairing BEV RESS and their components.

Assessors of this unit must satisfy the requirements for assessors in applicable vocational education and training legislation, frameworks and/or standards.
[bookmark: _Toc43902446]Links
Companion Volume Implementation Guide is found on VETNet: https://vetnet.education.gov.au/Pages/TrainingDocs.aspx?q=b4278d82-d487-4070-a8c4-78045ec695b1


[bookmark: _Toc41319755][bookmark: _Toc41575591][bookmark: _Toc41582089][bookmark: _Toc42186830][bookmark: _Toc43902447]AURETH104 Diagnose and repair traction motor speed control systems in battery electric vehicles
[bookmark: _Toc43902448]Application
This unit describes the skills and knowledge required to diagnose and repair faults in the traction motor speed control systems of battery electric vehicles (BEVs). These systems may be referred to as digital motor controllers (DMCs) or motor control units (MCUs). The unit involves preparing for the task, sourcing a diagnostic testing strategy, diagnosing the cause of the fault, carrying out the repair, performing post-repair testing, and completing workplace processes and documentation. Importance is placed in the unit on applying electrical safety procedures when working on high voltage (HV) rechargeable energy storage systems (RESS).
The unit applies to those who work in the automotive service and repair industry. 
No licensing, legislative, regulatory or certification requirements apply to this unit at the time of publication.
[bookmark: _Toc43902449]Unit Sector
Electrical Technical – Hybrid Vehicle and Battery Vehicle
[bookmark: _Toc43902450]Elements and Performance Criteria
	ELEMENT
	PERFORMANCE CRITERIA

	Elements describe the essential outcomes.
	Performance criteria describe the performance needed to demonstrate achievement of the element.

	1. Prepare to diagnose and repair traction motor speed control system in battery electric vehicle
	1.1 Identify job requirements from workplace instructions 
1.2 Identify required information for diagnosis activity 
1.3 Analyse diagnostic options and source testing strategy to identify cause of fault using workplace and manufacturer procedures 
1.4 Identify hazards and environmental issues associated with diagnose and repair activity, assess potential risks and implement control measures in line with workplace policies and procedures 
1.5 Identify tools and equipment required for testing strategy and establish serviceability according to workplace procedures 

	2. Diagnose traction motor speed control system in battery electric vehicle
	2.1 Implement diagnostic tests set out in testing strategy according to manufacturer and workplace procedures, and workplace health and safety requirements
2.2 Identify cause of fault through analysis of diagnostic test results
2.3 Confirm and report cause of fault according to workplace procedures
2.4 Develop and report recommendations for necessary repairs according to workplace procedures

	3. Repair traction motor speed control system in battery electric vehicle
	3.1 Identify required information for repair activity 
3.2 Identify tools, equipment and materials required for repair activity and establish serviceability according to workplace procedures 
3.3 Isolate RESS service plug or manual service disconnect and depower vehicle HV RESS according to manufacturer specifications
3.4 Carry out repairs according to workplace and manufacturer procedures, manufacturer specifications, workplace health and safety and environmental requirements
3.5 Reconnect RESS service plug or manual service disconnect and repower vehicle HV RESS
3.6 Carry out post-repair testing according to workplace procedures, workplace health and safety and environmental requirements 

	4. Complete work processes
	4.1 Conduct final inspection according to workplace procedures and confirm vehicle is ready for use 
4.2 Clear work area and dispose of or recycle materials according to workplace procedures
4.3 Complete documentation according to workplace procedures


[bookmark: _Toc43902451]Foundation Skills
This section describes those language, literacy, numeracy and employment skills that are essential to performance but not explicit in the performance criteria.
	Skills
	Description

	Learning 
	· locates required sources of information efficiently
· develops a sequenced plan for a specific task

	Reading 
	· organises and interprets technical information from workplace procedures, manufacturer procedures and manufacturer specifications
· interprets symbols and wiring diagrams

	Oral communication 
	· clarifies instructions
· obtains information from customers and supervisors

	Numeracy 
	· matches electrical components and part identification numbers to workplace instructions, vehicle and component part lists, and manufacturer specifications
· interprets vehicle electrical measurements and readings on digital and analogue gauges
· measures voltage, current and resistance
· uses mathematical operations
· calculates deviations from manufacturer specifications

	Planning and organising 
	· plans own work requirements
· prioritises actions to achieve required outcomes
· ensures tasks are completed within workplace timeframes

	Technology 
	· uses specialised tools 


[bookmark: _Toc43902452]Unit Mapping Information
Supersedes and is equivalent to AURETH004 Diagnose and repair traction motor speed control systems in battery electric vehicles.
[bookmark: _Toc43902453]Links
Companion Volume Implementation Guide is found on VETNet: https://vetnet.education.gov.au/Pages/TrainingDocs.aspx?q=b4278d82-d487-4070-a8c4-78045ec695b1


[bookmark: _Toc41319756][bookmark: _Toc41575592][bookmark: _Toc41582090][bookmark: _Toc42186831][bookmark: _Toc43902454]Assessment Requirements for AURETH104 Diagnose and repair traction motor speed control systems in battery electric vehicles
[bookmark: _Toc43902455]Performance Evidence
The candidate must demonstrate the ability to complete the tasks outlined in the elements, performance criteria and foundation skills of this unit, including evidence of the ability to:
· diagnose and repair traction motor speed control systems and associated components on two different battery electric vehicles (BEVs) to correct at least one of the following performance deficiencies in each:
high resistance in an input system
component failure
abnormal or irregular noises.
[bookmark: _Toc43902456]Knowledge Evidence
The candidate must be able to demonstrate knowledge to complete the tasks outlined in the elements, performance criteria and foundation skills of this unit, including knowledge of:
· methods to locate and interpret information required to diagnose and repair traction motor speed control systems in battery electric vehicles, including:
information provided by customers and supervisors
Australian Standards AS 5732 Electric vehicle operations - Maintenance and repair
manufacturer specifications and procedures 
· workplace procedures required to diagnose and repair traction motor speed control systems in battery electric vehicles, including: 
establishing serviceability of tools and equipment
documentation procedures
housekeeping procedures, including:
examination of tools and equipment
storage of equipment
identification, tagging and isolation of faulty equipment
disposal of excess materials
recycling procedures
· workplace health and safety (WHS) requirements relating to diagnosing and repairing traction motor speed control systems in battery electric vehicles, including procedures for:
identifying hazards and controlling risks associated with:
working with high voltages in BEV electrical systems
wearing jewellery while working around high electrical currents
determining appropriate procedures for minimising risk associated with hazards, including applying electrical safety precautions when:
using personal protective equipment (PPE), including electrical safety gloves with 1000 volt rating and Australian standards rated HV insulating mat
identifying and using firefighting equipment
using the one hand rule
following live system warning tags and signs
depowering vehicle
isolating HV RESS electrical supply
stabilising vehicle electrical system
· environmental requirements relating to diagnosing and repairing traction motor speed control systems in battery electric vehicles, including procedures for trapping, storing and disposing of waste produced during repair.
· safe operating procedures for tools and equipment, including:
digital multimeter with Cat III 1000 volt rating
insulation tester
residual voltage tester
scan tool
oscilloscope
· operating principles of traction motor speed control systems in battery electric vehicles, including:
types of batteries
types of traction motors, including alternating current and direct current
types of motor controllers
battery charging
· purpose and operation of traction motor speed control systems in battery electric vehicles and components, including:
controller inputs
resolvers
controller outputs
battery interface
· diagnostic testing procedures for traction motor speed control systems in battery electric vehicles, including procedures for:
accessing and interpreting scan tool system data, including:
diagnostic trouble codes (DTCs)
live data
freeze frame data
using diagnostic flow charts
electrical system testing, including procedures for:
accessing electrical terminals and using test probes without damaging connectors, fuse holders or wiring
testing controller input and output signals and waveforms
vehicle dynamic and static testing procedures
analysing abnormal noise
analysing component failure
motor speed controller cooling system testing
repair procedures for traction motor speed control systems in battery electric vehicles, including procedures for:
tightening connections
replacing faulty or damaged cable connections
removing and replacing faulty or damaged components
removing and replacing motor controller
post-repair testing procedures for traction motor speed control systems in battery electric vehicles, including procedures for:
DTC clearing procedures
checking for electrical connector mating
static and dynamic performance tests of traction motors.
[bookmark: _Toc43902457]Assessment Conditions
Competency is to be assessed in the workplace or a simulated environment that accurately reflects performance in a real workplace setting.
Assessment must include direct observation of tasks.
Where assessment of competency includes third-party evidence, individuals must provide evidence that links them to the BEV traction motor speed control systems that they have worked on, e.g. repair orders.
Assessors must verify performance evidence through questioning on skills and knowledge to ensure correct interpretation and application.
The following resources must be made available:
· automotive repair workplace or simulated workplace
· PPE and safety equipment, including electrical safety gloves with 1000 volt rating and HV insulating mat with Australian standards rating
· manufacturer specifications for BEV traction motor speed control systems
· AS 5732 Electric vehicle operations: Maintenance and repair
· two different BEVs with traction motor speed control systems accessible for diagnosis and repair or replacement activities
· electrical diagnostic equipment appropriate to the BEV being diagnosed and repaired, including:
digital multimeter with Cat III 1000 volt rating
insulation tester
scan tool
oscilloscope
residual voltage tester, if specified in original equipment manufacturer (OEM) test requirements
· tools, equipment and materials appropriate for repairing high voltage traction motors in BEVs.

Assessors of this unit must satisfy the requirements for assessors in applicable vocational education and training legislation, frameworks and/or standards.
[bookmark: _Toc43902458]Links
Companion Volume Implementation Guide is found on VETNet: https://vetnet.education.gov.au/Pages/TrainingDocs.aspx?q=b4278d82-d487-4070-a8c4-78045ec695b1
[bookmark: _Toc41319757][bookmark: _Toc41575593][bookmark: _Toc41582091]

[bookmark: _Toc42186832][bookmark: _Toc43902459]AURETH105 Diagnose and repair high voltage traction motors in battery electric vehicles
[bookmark: _Toc43902460]Application
This unit describes the skills and knowledge required to diagnose and repair faults in the high voltage traction motors of battery electric vehicles (BEVs). The unit involves preparing for the task, sourcing a diagnostic testing strategy, diagnosing the cause of the fault, carrying out the repair, performing post-repair testing, and completing workplace processes and documentation. Importance is placed in the unit on applying electrical safety procedures when working on high voltage (HV) rechargeable energy storage systems (RESS).
The unit applies to those who work in the automotive service and repair industry. 
No licensing, legislative, regulatory or certification requirements apply to this unit at the time of publication.
[bookmark: _Toc43902461]Unit Sector
Electrical Technical – Hybrid Vehicle and Battery Vehicle
[bookmark: _Toc43902462]Elements and Performance Criteria
	ELEMENT
	PERFORMANCE CRITERIA

	Elements describe the essential outcomes.
	Performance criteria describe the performance needed to demonstrate achievement of the element.

	1. Prepare to diagnose and repair high voltage traction motor in battery electric vehicle
	1.1 Identify job requirements from workplace instructions 
1.2 Identify required information for diagnosis activity 
1.3 Analyse diagnostic options and source testing strategy to identify cause of fault using workplace and manufacturer procedures 
1.4 Identify hazards and environmental issues associated with diagnose and repair activity, assess potential risks and implement control measures in line with workplace policies and procedures 
1.5 Identify tools and equipment required for testing strategy and establish serviceability according to workplace procedures 

	2. Diagnose high voltage traction motor in battery electric vehicle
	2.1 Implement diagnostic tests set out in testing strategy according to manufacturer and workplace procedures, and workplace health and safety requirements
2.2 Identify cause of fault through analysis of diagnostic test results
2.3 Confirm and report cause of fault according to workplace procedures
2.4 Develop and report recommendations for necessary repairs according to workplace procedures

	3. Repair high voltage traction motor in battery electric vehicle
	3.1 Identify required information for repair activity 
3.2 Identify tools, equipment and materials required for repair activity and establish serviceability according to workplace procedures 
3.3 Isolate RESS service plug or manual service disconnect and depower vehicle HV RESS according to manufacturer specifications
3.4 Carry out repairs according to workplace and manufacturer procedures, manufacturer specifications, workplace health and safety and environmental requirements
3.5 Reconnect RESS service plug or manual service disconnect and repower vehicle HV RESS
3.6 Carry out post-repair testing according to workplace procedures, workplace health and safety and environmental requirements 

	4. Complete work processes
	4.1 Conduct final inspection according to workplace procedures and confirm vehicle is ready for use 
4.2 Clear work area and dispose of or recycle materials according to workplace procedures
4.3 Complete documentation according to workplace procedures


[bookmark: _Toc43902463]Foundation Skills
This section describes those language, literacy, numeracy and employment skills that are essential to performance but not explicit in the performance criteria.
	Skills
	Description

	Learning 
	· locates required sources of information efficiently
· develops a sequenced plan for a specific task

	Reading 
	· organises and interprets technical information from workplace procedures, manufacturer procedures and manufacturer specifications
· interprets symbols and wiring diagrams

	Oral communication 
	· clarifies instructions
· obtains information from customers and supervisors

	Numeracy 
	· matches electrical components and part identification numbers to workplace instructions, vehicle and component part lists, and manufacturer specifications
· interprets vehicle electrical measurements and readings on digital and analogue gauges
· measures voltage, current and resistance
· uses mathematical operations
· calculates deviations from manufacturer specifications

	Planning and organising 
	· plans own work requirements
· prioritises actions to achieve required outcomes
· ensures tasks are completed within workplace timeframes

	Technology 
	· uses specialised tools 


[bookmark: _Toc43902464]Unit Mapping Information
Supersedes and is equivalent to AURETH005 Diagnose and repair high voltage traction motors in battery electric vehicles.
[bookmark: _Toc43902465]Links
Companion Volume Implementation Guide is found on VETNet: https://vetnet.education.gov.au/Pages/TrainingDocs.aspx?q=b4278d82-d487-4070-a8c4-78045ec695b1


[bookmark: _Toc41319758][bookmark: _Toc41575594][bookmark: _Toc41582092][bookmark: _Toc42186833][bookmark: _Toc43902466]Assessment Requirements for AURETH105 Diagnose and repair high voltage traction motors in battery electric vehicles
[bookmark: _Toc43902467]Performance Evidence
The candidate must demonstrate the ability to complete the tasks outlined in the elements, performance criteria and foundation skills of this unit, including evidence of the ability to:
· diagnose and repair high voltage (HV) traction motors systems and associated components on at least two different battery electric vehicles (BEVs) to correct at least one of the following performance deficiencies in each:
damaged or faulty cabling
component failure
damaged tractor motor windings.
[bookmark: _Toc43902468] Knowledge Evidence
The candidate must be able to demonstrate knowledge to complete the tasks outlined in the elements, performance criteria and foundation skills of this unit, including knowledge of:
· methods to locate and interpret information required to diagnose and repair high voltage traction motors in battery electric vehicles, including:
information provided by customers and supervisors
Australian Standards AS 5732 Electric vehicle operations - Maintenance and repair
manufacturer specifications and procedures 
· workplace procedures required to diagnose and repair high voltage traction motors in battery electric vehicles, including: 
establishing serviceability of tools and equipment
documentation procedures
housekeeping procedures, including:
examination of tools and equipment
storage of equipment
identification, tagging and isolation of faulty equipment
disposal of excess materials
recycling procedures
· workplace health and safety (WHS) requirements relating to diagnosing and repairing high voltage traction motors in battery electric vehicles, including procedures for:
identifying hazards and controlling risks associated with:
working with high voltages in BEV electrical systems
wearing jewellery while working around high electrical currents
determining appropriate procedures for minimising risk associated with hazards, including applying electrical safety precautions when:
using personal protective equipment (PPE), including electrical safety gloves with 1000 volt rating and Australian standards rated HV insulating mat
identifying and using firefighting equipment
using the one hand rule
following live system warning tags and signs
depowering vehicle
isolating HV RESS electrical supply
stabilising vehicle electrical system
· environmental requirements relating to diagnosing and repairing high voltage traction motors in battery electric vehicles, including procedures for trapping, storing and disposing of waste produced during repair.
· safe operating procedures for tools and equipment, including:
digital multimeter with Cat III 1000 volt rating
insulation tester
residual voltage tester
scan tool
oscilloscope
· operating principles of high voltage traction motors in battery electric vehicles, including:
motor generators
types of batteries
battery charging
· purpose and operation of high voltage traction motors in battery electric vehicles and components, including:
direct current (DC) motor generators
alternating current (AC) motor generators
· diagnostic testing procedures for high voltage traction motors in battery electric vehicles, including procedures for:
accessing and interpreting scan tool system data, including:
diagnostic trouble codes (DTCs)
live data
freeze frame data
using diagnostic flow charts
electrical system testing, including procedures for:
accessing electrical terminals and using test probes without damaging connectors, fuse holders or wiring
determining damage to traction motor windings
checking insulation resistance of traction motor windings
checking routing and damage to HV cabling
conducting vehicle dynamic and static tests
analysing abnormal noise
analysing component failure
repair procedures for high voltage traction motors in battery electric vehicles, including procedures for:
tightening connections
replacing faulty or damaged cable connections
removing and replacing faulty or damaged components
removing and replacing the traction motor
post-repair testing procedures for high voltage traction motors in battery electric vehicles, including procedures for:
DTC clearing procedures
checking for electrical connector mating
static and dynamic performance tests of traction motors.
[bookmark: _Toc43902469]Assessment Conditions
Competency is to be assessed in the workplace or a simulated environment that accurately reflects performance in a real workplace setting.
Assessment must include direct observation of tasks.
Where assessment of competency includes third-party evidence, individuals must provide evidence that links them to the BEV HV traction motors that they have worked on, e.g. repair orders.
Assessors must verify performance evidence through questioning on skills and knowledge to ensure correct interpretation and application.
The following resources must be made available:
· automotive repair workplace or simulated workplace
· PPE and safety equipment, including electrical safety gloves with 1000 volt rating and high voltage (HV) insulating mat with Australian standards rating
· manufacturer specifications for BEV HV traction motor systems
· AS 5732 Electric vehicle operations: Maintenance and repair
· two different BEVs with HV traction motor systems accessible for diagnosis and repair or replacement activities
· electrical diagnostic equipment appropriate to the BEV being diagnosed and repaired, including:
digital multimeter with Cat III 1000 volt rating
insulation tester
scan tool
oscilloscope
residual voltage tester, if specified in original equipment manufacturer (OEM) test requirements
· tools, equipment and materials appropriate for repairing HV traction motors in BEVs.

Assessors of this unit must satisfy the requirements for assessors in applicable vocational education and training legislation, frameworks and/or standards.
[bookmark: _Toc43902470]Links
Companion Volume Implementation Guide is found on VETNet: https://vetnet.education.gov.au/Pages/TrainingDocs.aspx?q=b4278d82-d487-4070-a8c4-78045ec695b1


[bookmark: _Toc41319759][bookmark: _Toc41575595][bookmark: _Toc41582093][bookmark: _Toc42186834][bookmark: _Toc43902471]AURETH106 Diagnose and repair auxiliary motors and associated components in battery electric vehicles
[bookmark: _Toc43902472]Application
This unit describes the skills and knowledge required to diagnose and repair faults in the auxiliary motors of battery electric vehicles (BEVs), and in their associated components and control systems. The unit involves preparing for the task, sourcing a diagnostic testing strategy, diagnosing the cause of the fault, carrying out the repair, performing post-repair testing, and completing workplace processes and documentation. Importance is placed in the unit on applying electrical safety procedures when working on high voltage (HV) rechargeable energy storage systems (RESS).
The unit applies to those who work in the automotive service and repair industry. 
No licensing, legislative, regulatory or certification requirements apply to this unit at the time of publication.
[bookmark: _Toc43902473]Prerequisite Unit
AURETH101 Depower and reinitialise battery electric vehicles
[bookmark: _Toc43902474]Unit Sector
Electrical Technical – Hybrid Vehicle and Battery Vehicle
[bookmark: _Toc43902475]Elements and Performance Criteria
	ELEMENT
	PERFORMANCE CRITERIA

	Elements describe the essential outcomes.
	Performance criteria describe the performance needed to demonstrate achievement of the element.

	1. Prepare to diagnose and repair auxiliary motors and associated components in battery electric vehicle
	1.1 Identify job requirements from workplace instructions 
1.2 Identify required information for diagnosis activity 
1.3 Analyse diagnostic options and source testing strategy to identify cause of fault using workplace and manufacturer procedures 
1.4 Identify hazards and environmental issues associated with diagnose and repair activity, assess potential risks and implement control measures in line with workplace policies and procedures 
1.5 Identify tools and equipment required for testing strategy and establish serviceability according to workplace procedures 

	2. Diagnose auxiliary motors and associated components in battery electric vehicle
	2.1 Implement diagnostic tests set out in testing strategy according to manufacturer and workplace procedures, and workplace health and safety requirements
2.2 Identify cause of fault through analysis of diagnostic test results
2.3 Confirm and report cause of fault according to workplace procedures
2.4 Develop and report recommendations for necessary repairs according to workplace procedures

	3. Repair auxiliary motors and associated components in battery electric vehicle
	3.1 Identify required information for repair activity 
3.2 Identify tools, equipment and materials required for repair activity and establish serviceability according to workplace procedures 
3.3 Isolate RESS service plug or manual service disconnect and depower vehicle HV RESS according to manufacturer specifications
3.4 Carry out repairs according to workplace and manufacturer procedures, manufacturer specifications, workplace health and safety and environmental requirements
3.5 Reconnect RESS service plug or manual service disconnect and repower vehicle HV RESS
3.6 Carry out post-repair testing according to workplace procedures, workplace health and safety and environmental requirements 

	4. Complete work processes
	4.1 Conduct final inspection according to workplace procedures and confirm vehicle is ready for use 
4.2 Clear work area and dispose of or recycle materials according to workplace procedures
4.3 Complete documentation according to workplace procedures


[bookmark: _Toc43902476]Foundation Skills
This section describes those language, literacy, numeracy and employment skills that are essential to performance but not explicit in the performance criteria.
	Skills
	Description

	Learning 
	· locates required sources of information efficiently
· develops a sequenced plan for a specific task

	Reading 
	· organises and interprets technical information from workplace procedures, manufacturer procedures and manufacturer specifications
· interprets symbols and wiring diagrams

	Oral communication 
	· clarifies instructions
· obtains information from customers and supervisors

	Numeracy 
	· matches electrical components and part identification numbers to workplace instructions, vehicle and component part lists, and manufacturer specifications
· interprets vehicle electrical measurements and readings on digital and analogue gauges
· measures voltage, current and resistance
· uses mathematical operations
· calculates deviations from manufacturer specifications

	Planning and organising 
	· plans own work requirements
· prioritises actions to achieve required outcomes
· ensures tasks are completed within workplace timeframes

	Technology 
	· uses specialised tools 


[bookmark: _Toc43902477]Unit Mapping Information
Supersedes and is equivalent to AURETH006 Diagnose and repair auxiliary motors and associated components in battery electric vehicles.
[bookmark: _Toc43902478]Links
Companion Volume Implementation Guide is found on VETNet: https://vetnet.education.gov.au/Pages/TrainingDocs.aspx?q=b4278d82-d487-4070-a8c4-78045ec695b1
[bookmark: _Toc41319760][bookmark: _Toc41575596][bookmark: _Toc41582094]

[bookmark: _Toc42186835][bookmark: _Toc43902479]Assessment Requirements for AURETH106 Diagnose and repair auxiliary motors and associated components in battery electric vehicles
[bookmark: _Toc43902480]Performance Evidence
The candidate must demonstrate the ability to complete the tasks outlined in the elements, performance criteria and foundation skills of this unit, including evidence of the ability to:
diagnose and repair auxiliary motors, associated components and control systems in at least two different battery electric vehicles (BEVs) to correct at least one of the following performance deficiencies in each:
high resistance in an input system
component failure
faulty or damaged cable connections.
[bookmark: _Toc43902481] Knowledge Evidence
The candidate must be able to demonstrate knowledge to complete the tasks outlined in the elements, performance criteria and foundation skills of this unit, including knowledge of:
· methods to locate and interpret information required to diagnose and repair auxiliary motors and associated components in battery electric vehicles, including:
information provided by customers and supervisors
AS 5732 Electric vehicle operations - Maintenance and repair
manufacturer specifications and procedures 
· workplace procedures required to diagnose and repair auxiliary motors and associated components in battery electric vehicles, including: 
establishing serviceability of tools and equipment
documentation procedures
housekeeping procedures, including:
examination of tools and equipment
storage of equipment
identification, tagging and isolation of faulty equipment
disposal of excess materials
recycling procedures
· workplace health and safety (WHS) requirements relating to diagnosing and repairing auxiliary motors and associated components in battery electric vehicles, including procedures for:
identifying hazards and controlling risks associated with:
working with high voltages in BEV electrical systems
wearing jewellery while working around high electrical currents
determining appropriate procedures for minimising risk associated with hazards, including applying electrical safety precautions when:
using personal protective equipment (PPE), including electrical safety gloves with 1000 volt rating and Australian standards rated HV insulating mat
identifying and using firefighting equipment
using the one hand rule
following live system warning tags and signs
depowering vehicle
isolating HV RESS electrical supply
stabilising vehicle electrical system
· environmental requirements relating to diagnosing and repairing auxiliary motors and associated components in battery electric vehicles, including procedures for trapping, storing and disposing of waste produced during repair.
· safe operating procedures for tools and equipment, including:
digital multimeter with Cat III 1000 volt rating
insulation tester
residual voltage tester
scan tool
oscilloscope
· operating principles of auxiliary motors and associated components in battery electric vehicles, including:
electric-assisted power steering
electric-assisted braking
electric-assisted passenger comfort systems, including heating, cooling and air conditioning (HVAC) systems
· diagnostic testing procedures for auxiliary motors and associated components in battery electric vehicles, including procedures for:
accessing and interpreting scan tool system data, including:
diagnostic trouble codes (DTCs)
live data
freeze frame data
using diagnostic flow charts
electrical system testing, including procedures for:
accessing electrical terminals and using test probes without damaging connectors, fuse holders or wiring
testing motor controller input and output signals and waveforms
testing auxiliary motor operation
analysing abnormal noise
analysing component failure
repair procedures for auxiliary motors and associated components in battery electric vehicles, including procedures for:
tightening connections
replacing faulty or damaged cable connections
removing and replacing faulty or damaged components
removing and replacing the auxiliary motor and controllers
post-repair testing procedures for auxiliary motors and associated components in battery electric vehicles, including procedures for:
DTC clearing procedures
checking for electrical connector mating
performance tests of auxiliary motor system.
[bookmark: _Toc43902482]Assessment Conditions
Competency is to be assessed in the workplace or a simulated environment that accurately reflects performance in a real workplace setting.
Assessment must include direct observation of tasks.
Where assessment of competency includes third-party evidence, individuals must provide evidence that links them to the BEV auxiliary motors and associated components that they have worked on, e.g. repair orders.
Assessors must verify performance evidence through questioning on skills and knowledge to ensure correct interpretation and application.
The following resources must be made available:
· automotive repair workplace or simulated workplace
· PPE and safety equipment, including electrical safety gloves with 1000 volt rating and high voltage (HV) insulating mat with Australian standards rating
· manufacturer specifications for BEV auxiliary motors and subsystems
· AS 5732 Electric vehicle operations: Maintenance and repair
· two different BEVs with auxiliary motors and associated components accessible for diagnosis and repair or replacement activities
· electrical diagnostic equipment appropriate to the BEV being diagnosed and repaired, including:
digital multimeter with Cat III 1000 volt rating
insulation tester
scan tool
oscilloscope
residual voltage tester, if specified in original equipment manufacturer (OEM) test requirements
· tools, equipment and materials appropriate for repairing BEV auxiliary motors and their components.

Assessors of this unit must satisfy the requirements for assessors in applicable vocational education and training legislation, frameworks and/or standards.
[bookmark: _Toc43902483]Links
Companion Volume Implementation Guide is found on VETNet: https://vetnet.education.gov.au/Pages/TrainingDocs.aspx?q=b4278d82-d487-4070-a8c4-78045ec695b1


[bookmark: _Toc41319761][bookmark: _Toc41575597][bookmark: _Toc41582095][bookmark: _Toc42186836][bookmark: _Toc43902484]AURETH107 Diagnose and repair system instrumentation and safety interlocks in battery electric vehicles
[bookmark: _Toc43902485]Application
This unit describes the skills and knowledge required to diagnose and repair faults in the system instrumentation and safety interlocks of battery electric vehicles (BEVs). The unit involves preparing for the task, sourcing a diagnostic testing strategy, diagnosing the cause of the fault, carrying out the repair, performing post-repair testing, and completing workplace processes and documentation. Importance is placed in the unit on applying electrical safety procedures when working on high voltage (HV) rechargeable energy storage systems (RESS).
The unit applies to those who work in the automotive service and repair industry. 
No licensing, legislative, regulatory or certification requirements apply to this unit at the time of publication.
[bookmark: _Toc43902486]Prerequisite Unit
AURETH101 Depower and reinitialise battery electric vehicles
[bookmark: _Toc43902487]Unit Sector
Electrical Technical – Hybrid Vehicle and Battery Vehicle
[bookmark: _Toc43902488]Elements and Performance Criteria
	ELEMENT
	PERFORMANCE CRITERIA

	Elements describe the essential outcomes.
	Performance criteria describe the performance needed to demonstrate achievement of the element.

	1. Prepare to diagnose and repair system instrumentation and safety interlocks in battery electric vehicle
	1.1 Identify job requirements from workplace instructions 
1.2 Identify required information for diagnosis activity 
1.3 Analyse diagnostic options and source testing strategy to identify cause of fault using workplace and manufacturer procedures 
1.4 Identify hazards and environmental issues associated with diagnose and repair activity, assess potential risks and implement control measures in line with workplace policies and procedures 
1.5 Identify tools and equipment required for testing strategy and establish serviceability according to workplace procedures 

	2. Diagnose system instrumentation and safety interlocks in battery electric vehicle
	2.1 Implement diagnostic tests set out in testing strategy according to manufacturer and workplace procedures, and workplace health and safety requirements
2.2 Identify cause of fault through analysis of diagnostic test results
2.3 Confirm and report cause of fault according to workplace procedures
2.4 Develop and report recommendations for necessary repairs according to workplace procedures

	3. Repair system instrumentation and safety interlocks in battery electric vehicle
	3.1 Identify required information for repair activity 
3.2 Identify tools, equipment and materials required for repair activity and establish serviceability according to workplace procedures 
3.3 Isolate RESS service plug or manual service disconnect and depower vehicle HV RESS according to manufacturer specifications
3.4 Carry out repairs according to workplace and manufacturer procedures, manufacturer specifications, workplace health and safety and environmental requirements
3.5 Reconnect RESS service plug or manual service disconnect and repower vehicle HV RESS
3.6 Carry out post-repair testing according to workplace procedures, workplace health and safety and environmental requirements 

	4. Complete work processes
	4.1 Conduct final inspection according to workplace procedures and confirm vehicle is ready for use 
4.2 Clear work area and dispose of or recycle materials according to workplace procedures
4.3 Complete documentation according to workplace procedures


[bookmark: _Toc43902489]Foundation Skills
This section describes those language, literacy, numeracy and employment skills that are essential to performance but not explicit in the performance criteria.
	Skills
	Description

	Learning 
	· locates required sources of information efficiently
· develops a sequenced plan for a specific task

	Reading
	· organises and interprets technical information from workplace procedures, manufacturer procedures and manufacturer specifications
· interprets symbols and wiring diagrams

	Oral communication 
	· clarifies instructions
· obtains information from customers and supervisors

	Numeracy 
	· matches electrical components and part identification numbers to workplace instructions, vehicle and component part lists, and manufacturer specifications
· interprets vehicle electrical measurements and readings on digital and analogue gauges
· measures voltage, current and resistance
· uses mathematical operations
· calculates deviations from manufacturer specifications

	Planning and organising 
	· plans own work requirements
· prioritises actions to achieve required outcomes
· ensures tasks are completed within workplace timeframes

	Technology 
	· uses specialised tools


[bookmark: _Toc43902490]Unit Mapping Information
Supersedes and is equivalent to AURETH007 Diagnose and repair system instrumentation and safety interlocks in battery electric vehicles.
[bookmark: _Toc43902491]Links
Companion Volume Implementation Guide is found on VETNet: https://vetnet.education.gov.au/Pages/TrainingDocs.aspx?q=b4278d82-d487-4070-a8c4-78045ec695b1


[bookmark: _Toc41319762][bookmark: _Toc41575598][bookmark: _Toc41582096][bookmark: _Toc42186837][bookmark: _Toc43902492]Assessment Requirements for AURETH107 Diagnose and repair system instrumentation and safety interlocks in battery electric vehicles
[bookmark: _Toc43902493]Performance Evidence
The candidate must demonstrate the ability to complete the tasks outlined in the elements, performance criteria and foundation skills of this unit, including evidence of the ability to:
diagnose and repair system instrumentation and safety interlocks and their associated components on at least two different battery electric vehicles (BEVs) to correct at least one of the following performance deficiencies in each:
high resistance in an input system
faulty instrumentation or safety interlocks
damaged or loose connectors, fuse holders or wiring.
[bookmark: _Toc43902494] Knowledge Evidence
The candidate must be able to demonstrate knowledge to complete the tasks outlined in the elements, performance criteria and foundation skills of this unit, including knowledge of:
· methods to locate and interpret information required to diagnose and repair system instrumentation and safety interlocks in battery electric vehicles, including:
information provided by customers and supervisors
Australian Standards (AS) 5732 Electric vehicle operations - Maintenance and repair
manufacturer specifications and procedures 
· workplace procedures required to diagnose and repair system instrumentation and safety interlocks in battery electric vehicles, including: 
establishing serviceability of tools and equipment
documentation procedures
housekeeping procedures, including:
examination of tools and equipment
storage of equipment
identification, tagging and isolation of faulty equipment
disposal of excess materials
recycling procedures
· workplace health and safety (WHS) requirements relating to diagnosing and repairing system instrumentation and safety interlocks in battery electric vehicles, including procedures for:
identifying hazards and controlling risks associated with:
working with high voltages in BEV electrical systems
wearing jewellery while working around high electrical currents
determining appropriate procedures for minimising risk associated with hazards, including applying electrical safety precautions when:
using personal protective equipment (PPE), including electrical safety gloves with 1000 volt rating and Australian standards rated HV insulating mat
identifying and using firefighting equipment
using the one hand rule
following live system warning tags and signs
depowering vehicle
isolating HV RESS electrical supply
stabilising vehicle electrical system
· environmental requirements relating to diagnosing and repairing system instrumentation and safety interlocks in battery electric vehicles, including procedures for trapping, storing and disposing of waste produced during repair.
· safe operating procedures for tools and equipment, including:
digital multimeter with Cat III 1000 volt rating
insulation tester
residual voltage tester
scan tool
oscilloscope
· operating principles of system instrumentation and safety interlocks in battery electric vehicles, including reasons for safety interlocks in BEVs
· purpose and operation of BEV instrumentation and safety interlocks, including:
battery charger, including charge cable sensor
controller signals
gear selector inhibitor switch
ignition or power key
inertia or impact sensor
isolation componentry, including HV contactor
motor over temperature control
under voltage protection
· diagnostic testing procedures for system instrumentation and safety interlocks in battery electric vehicles, including procedures for:
accessing and interpreting scan tool system data, including:
diagnostic trouble codes (DTCs)
live data
using diagnostic flow charts
electrical system testing, including procedures for:
accessing electrical terminals and using test probes without damaging connectors, fuse holders or wiring
determining battery state of charge
operational tests of safety interlocks
testing instrumentation data communication systems using scan tool and oscilloscope
undertaking vehicle dynamic and static tests
repair procedures for system instrumentation and safety interlocks in battery electric vehicles, including procedures for:
tightening connections
replacing faulty or damaged cable connections
removing and replacing faulty or damaged components
removing and replacing instrumentation
post-repair testing procedures for system instrumentation and safety interlocks in battery electric vehicles, including procedures for:
DTC clearing procedures
checking for electrical connector mating.
[bookmark: _Toc43902495]Assessment Conditions
Competency is to be assessed in the workplace or a simulated environment that accurately reflects performance in a real workplace setting.
Assessment must include direct observation of tasks.
Where assessment of competency includes third-party evidence, individuals must provide evidence that links them to the BEV system instrumentation and safety interlocks that they have worked on, e.g. repair orders.
Assessors must verify performance evidence through questioning on skills and knowledge to ensure correct interpretation and application.
The following resources must be made available:
· automotive repair workplace or simulated workplace
· PPE and safety equipment, including electrical safety gloves with 1000 volt rating and HV insulating mat with Australian standards rating
· manufacturer specifications for BEV system instrumentation and safety interlocks
· AS 5732 Electric vehicle operations: Maintenance and repair
· two different BEVs with system instrumentation and safety interlocks accessible for diagnosis and repair or replacement activities
· electrical diagnostic equipment appropriate to the BEV being diagnosed and repaired, including:
digital multimeter with Cat III 1000 volt rating
insulation tester
scan tool
oscilloscope
residual voltage tester, if specified in OEM requirements
· tools, equipment and materials appropriate for repairing system instrumentation and safety interlocks in BEVs.

Assessors of this unit must satisfy the requirements for assessors in applicable vocational education and training legislation, frameworks and/or standards.
[bookmark: _Toc43902496]Links
Companion Volume Implementation Guide is found on VETNet: https://vetnet.education.gov.au/Pages/TrainingDocs.aspx?q=b4278d82-d487-4070-a8c4-78045ec695b1

[bookmark: _Toc41319763][bookmark: _Toc41575599][bookmark: _Toc41582097][bookmark: _Toc42186838][bookmark: _Toc43902497]AURETH108 Diagnose and repair HVAC and rechargeable energy storage cooling systems in battery electric vehicle
[bookmark: _Toc43902498]Application
This unit describes the skills and knowledge required to diagnose and repair faults in the heating, ventilation and air conditioning (HVAC) and rechargeable energy storage cooling systems of battery electric vehicles (BEVs). The unit involves removing and replacing refrigerant, as well as performance testing the HVAC and RESS cooling system. It involves preparing for the task, sourcing a diagnostic testing strategy, diagnosing the cause of the fault, carrying out the repair, performing post-repair testing, and completing workplace processes and documentation. Importance is placed in the unit on applying electrical safety procedures when working on high voltage (HV) rechargeable energy storage systems (RESS).
The unit applies to those who work in the automotive service and repair industry. HVAC and RESS cooling systems include circuits in BEVs. 
Licensing requirements apply to this unit. Users are advised to check with the relevant regulatory authority.

[bookmark: _Toc43902499]Prerequisite Unit
AURETH101 Depower and reinitialise battery electric vehicles
[bookmark: _Toc43902500]Unit Sector
Electrical Technical – Hybrid Vehicle and Battery Vehicle
[bookmark: _Toc43902501]Elements and Performance Criteria
	ELEMENT
	PERFORMANCE CRITERIA

	Elements describe the essential outcomes.
	Performance criteria describe the performance needed to demonstrate achievement of the element.

	1. Prepare to diagnose and repair HVAC and rechargeable energy storage cooling systems in battery electric vehicle
	1.1 Identify job requirements from workplace instructions 
1.2 Identify required information for diagnosis activity 
1.3 Analyse diagnostic options and source testing strategy to identify cause of fault using workplace and manufacturer procedures 
1.4 Identify hazards and environmental issues associated with diagnose and repair activity, assess potential risks and implement control measures in line with workplace policies and procedures 
1.5 Identify tools and equipment required for testing strategy and establish serviceability according to workplace procedures 

	2. Diagnose HVAC and rechargeable energy storage cooling systems in battery electric vehicle
	2.1 Implement diagnostic tests set out in testing strategy according to manufacturer and workplace procedures, and workplace health and safety requirements
2.2 Identify cause of fault through analysis of diagnostic test results
2.3 Confirm and report cause of fault according to workplace procedures
2.4 Develop and report recommendations for necessary repairs according to workplace procedures

	3. Repair HVAC and rechargeable energy storage cooling systems in battery electric vehicle
	3.1 Identify required information for repair activity 
3.2 Identify tools, equipment and materials required for repair activity and establish serviceability according to workplace procedures 
3.3 Isolate RESS service plug or manual service disconnect and depower vehicle HV RESS according to manufacturer specifications
3.4 Carry out repairs according to workplace and manufacturer procedures, manufacturer specifications, workplace health and safety and environmental requirements
3.5 Reconnect RESS service plug or manual service disconnect and repower vehicle HV RESS
3.6 Carry out post-repair testing according to workplace procedures, workplace health and safety and environmental requirements 

	4. Complete work processes
	4.1 Conduct final inspection according to workplace procedures and confirm vehicle is ready for use 
4.2 Clear work area and dispose of or recycle materials according to workplace procedures
4.3 Complete documentation according to workplace procedures


[bookmark: _Toc43902502]Foundation Skills
This section describes those language, literacy, numeracy and employment skills that are essential to performance but not explicit in the performance criteria.
	Skills
	Description

	Learning 
	· locates required sources of information efficiently
· develops a sequenced plan for a specific task

	Reading 
	· organises and interprets technical information from workplace procedures, manufacturer procedures and manufacturer specifications
· interprets symbols and wiring diagrams

	Oral communication 
	· clarifies instructions
· obtains information from customers and supervisors

	Numeracy 
	· matches electrical components and part identification numbers to workplace instructions, vehicle and component part lists, and manufacturer specifications
· interprets vehicle electrical measurements and readings on digital and analogue gauges
· measures voltage, current and resistance
· uses mathematical operations
· calculates deviations from manufacturer specifications

	Planning and organising 
	· plans own work requirements
· prioritises actions to achieve required outcomes
· ensures tasks are completed within workplace timeframes

	Technology 
	· uses specialised tools 


[bookmark: _Toc43902503]Unit Mapping Information
Supersedes and is equivalent to AURETH008 Diagnose and repair HVAC and rechargeable energy storage cooling systems in battery electric vehicle.
[bookmark: _Toc43902504]Links
Companion Volume Implementation Guide is found on VETNet: https://vetnet.education.gov.au/Pages/TrainingDocs.aspx?q=b4278d82-d487-4070-a8c4-78045ec695b1


[bookmark: _Toc41319764][bookmark: _Toc41575600][bookmark: _Toc41582098][bookmark: _Toc42186839][bookmark: _Toc43902505]Assessment Requirements for AURETH108 Diagnose and repair HVAC and rechargeable energy storage cooling systems in battery electric vehicle
[bookmark: _Toc43902506]Performance Evidence
The candidate must demonstrate the ability to complete the tasks outlined in the elements, performance criteria and foundation skills of this unit, including evidence of the ability to:
diagnose and repair heating, ventilation and air conditioning (HVAC) system and rechargeable energy storage system (RESS) cooling system components on two different battery electric vehicles (BEVs), in which the work must involve:
repairing or replacing one HVAC system component to correct performance deficiencies
repairing or replacing one RESS cooling system component to correct performance deficiencies.
[bookmark: _Toc43902507]Knowledge Evidence
The candidate must be able to demonstrate knowledge to complete the tasks outlined in the elements, performance criteria and foundation skills of this unit, including knowledge of:
· methods to locate and interpret information required to diagnose and repair HVAC and rechargeable energy storage cooling systems in battery electric vehicles, including:
information provided by customers and supervisors
Australian Standards (AS) 5732 Electric vehicle operations - Maintenance and repair
manufacturer specifications and procedures 
· workplace procedures required to diagnose and repair HVAC and rechargeable energy storage cooling systems in battery electric vehicles, including: 
establishing serviceability of tools and equipment
documentation procedures
housekeeping procedures, including:
examination of tools and equipment
storage of equipment
identification, tagging and isolation of faulty equipment
disposal of excess materials
recycling procedures
· workplace health and safety (WHS) requirements relating to diagnosing and repairing HVAC and rechargeable energy storage cooling systems in battery electric vehicles, including procedures for:
identifying hazards and controlling risks associated with:
working with high voltages in BEV electrical systems
wearing jewellery while working around high electrical currents
determining appropriate procedures for minimising risk associated with hazards, including applying electrical safety precautions when:
using personal protective equipment (PPE), including electrical safety gloves with 1000 volt rating and Australian standards rated HV insulating mat
identifying and using firefighting equipment
using the one hand rule
following live system warning tags and signs
depowering vehicle
isolating HV RESS electrical supply
stabilising vehicle electrical system
· environmental requirements relating to diagnosing and repairing HVAC and rechargeable energy storage cooling systems in battery electric vehicles, including:
trapping, storing and disposing of waste released from HVAC and RESS cooling systems
preventing the escape of refrigerant to the atmosphere
· safe operating procedures for tools and equipment, including:
those specified in the specific vehicle service maintenance procedures, including:
digital multimeter with Cat III 1000 volt rating
insulation tester
residual voltage tester
scan tool
oscilloscope
temperature and pressure measuring equipment, including:
manifold and gauge set
contact thermometer
infrared thermometer (pyrometer)
electronic temperature probe
psychrometer (humidity detector)
digital vacuum gauge (vacrometer)
refrigerant leak detecting equipment, including electronic leak detector
refrigerant recovery equipment, including:
recovery unit
vacuum pump
electronic scales
miscellaneous equipment, including:
valve core removing or replacement tool
oil injector
· operating principles of HVAC and rechargeable energy storage cooling systems in battery electric vehicles, including:
types of HVAC systems, including engine operated and electric motor operated systems
types of RESS and RESS charging
reasons for cooling the RESS
· purpose and operation of HVAC systems and RESS cooling systems and components, including:
alternating current (AC) electric motor compressors
HVAC control units
HVAC control unit inputs and outputs
HVAC ejector cycle systems
RESS cooling systems, including air cooling, liquid cooling and HVAC cooled systems
· diagnostic testing procedures for HVAC and rechargeable energy storage cooling systems in battery electric vehicles, including procedures for:
accessing and interpreting scan tool system data, including:
diagnostic trouble codes (DTCs)
live data
using diagnostic flow charts
electrical system testing, including procedures for:
accessing electrical terminals and using test probes without damaging connectors, fuse holders or wiring
determining damage to compressor motor windings
checking insulation resistance of compressor motor windings
checking routing and damage to HV cabling
HVAC dynamic and static testing
analysing abnormal noise
analysing component failure
repair procedures for HVAC and rechargeable energy storage cooling systems in battery electric vehicles, including procedures for:
tightening connections
replacing faulty or damaged cable connections
removing and replacing faulty or damaged components
post-repair testing procedures for HVAC and rechargeable energy storage cooling systems in battery electric vehicles, including procedures for:
DTC clearing procedures
checking for electrical connector mating
static and dynamic performance tests of HVAC systems and RESS cooling systems
procedures for completing ARCtick service decal sticker, including:
name of service organisation
ARCtick business authority number
quantity of refrigerant added
refrigerant and oil type
service date
technician name and licence number.
[bookmark: _Toc43902508]Assessment Conditions
Competency is to be assessed in the workplace or a simulated environment that accurately reflects performance in a real workplace setting.
Assessment must include direct observation of tasks.
Where assessment of competency includes third-party evidence, individuals must provide evidence that links them to the BEV HVAC and RESS cooling systems that they have worked on, e.g. repair orders.
Assessors must verify performance evidence through questioning on skills and knowledge to ensure correct interpretation and application.
The following resources must be made available:
· automotive repair workplace or simulated workplace
· ARC accredited service decal sticker (ARCtick)
· PPE and safety equipment, including electrical safety gloves with 1000 volt rating and HV insulating mat with Australian standards rating
· manufacturer specifications for BEV HVAC and RESS cooling systems
· AS 5732 Electric vehicle operations: Maintenance and repair
· two different BEVs with HVAC and RESS cooling system components accessible for diagnosis and repair or replacement activities
· electrical diagnostic equipment appropriate to the BEV HVAC and RESS cooling being diagnosed and repaired as specified under tools and equipment in the range of conditions
· tools, equipment and materials appropriate for repairing HVAC and RESS cooling systems in BEVs.

Assessors of this unit must satisfy the requirements for assessors in applicable vocational education and training legislation, frameworks and/or standards; and hold an Australian Refrigerant Council (ARC) Refrigerant Handling licence.
[bookmark: _Toc43902509]Links
Companion Volume Implementation Guide is found on VETNet: https://vetnet.education.gov.au/Pages/TrainingDocs.aspx?q=b4278d82-d487-4070-a8c4-78045ec695b1


[bookmark: _Toc41319765][bookmark: _Toc41575601][bookmark: _Toc41582099][bookmark: _Toc42186840][bookmark: _Toc43902510]AURETH109 Diagnose and repair DC to DC converters in battery electric vehicles
[bookmark: _Toc43902511]Application
This unit describes the skills and knowledge required to diagnose and repair faults in the high voltage (HV) direct current (DC) to low voltage (LV) DC of battery electric vehicles (BEVs). The unit involves preparing for the task, sourcing a diagnostic testing strategy, diagnosing the cause of the fault, carrying out the repair, performing post-repair testing, and completing workplace processes and documentation. Importance is placed in the unit on applying electrical safety procedures when working on high voltage (HV) rechargeable energy storage systems (RESS).
The unit applies to those who work in the automotive service and repair industry. HV DC to LV DC converters include circuits in BEVs.
No licensing, legislative, regulatory or certification requirements apply to this unit at the time of publication.
[bookmark: _Toc43902512]Prerequisite Units
AURETH101 Depower and reinitialise battery electric vehicles
AURETR125 Test, charge and replace batteries and jump-start vehicles
[bookmark: _Toc43902513]Unit Sector
Electrical Technical – Hybrid Vehicle and Battery Vehicle
[bookmark: _Toc43902514]Elements and Performance Criteria
	ELEMENT
	PERFORMANCE CRITERIA

	Elements describe the essential outcomes.
	Performance criteria describe the performance needed to demonstrate achievement of the element.

	1. Prepare to diagnose and repair DC to DC converters in battery electric vehicle
	1.1 Identify job requirements from workplace instructions 
1.2 Identify required information for diagnosis activity 
1.3 Analyse diagnostic options and source testing strategy to identify cause of fault using workplace and manufacturer procedures 
1.4 Identify hazards and environmental issues associated with diagnose and repair activity, assess potential risks and implement control measures in line with workplace policies and procedures 
1.5 Identify tools and equipment required for testing strategy and establish serviceability according to workplace procedures 

	2. Diagnose DC to DC converters in battery electric vehicle
	2.1 Implement diagnostic tests set out in testing strategy according to manufacturer and workplace procedures, and workplace health and safety requirements
2.2 Identify cause of fault through analysis of diagnostic test results
2.3 Confirm and report cause of fault according to workplace procedures
2.4 Develop and report recommendations for necessary repairs according to workplace procedures

	3. Repair DC to DC converters in battery electric vehicle
	3.1 Identify required information for repair activity 
3.2 Identify tools, equipment and materials required for repair activity and establish serviceability according to workplace procedures 
3.3 Isolate RESS service plug or manual service disconnect and depower vehicle HV RESS according to manufacturer specifications
3.4 Carry out repairs according to workplace and manufacturer procedures, manufacturer specifications, workplace health and safety and environmental requirements
3.5 Reconnect RESS service plug or manual service disconnect and repower vehicle HV RESS
3.6 Carry out post-repair testing according to workplace procedures, workplace health and safety and environmental requirements 

	4. Complete work processes
	4.1 Conduct final inspection according to workplace procedures and confirm vehicle is ready for use 
4.2 Clear work area and dispose of or recycle materials according to workplace procedures
4.3 Complete documentation according to workplace procedures


[bookmark: _Toc43902515]Foundation Skills
This section describes those language, literacy, numeracy and employment skills that are essential to performance but not explicit in the performance criteria.
	Skills
	Description

	Learning 
	· locates required sources of information efficiently
· develops a sequenced plan for a specific task

	Reading 
	· organises and interprets technical information from workplace procedures, manufacturer procedures and manufacturer specifications
· interprets symbols and wiring diagrams

	Oral communication 
	· clarifies instructions
· obtains information from customers and supervisors

	Numeracy 
	· matches electrical components and part identification numbers to workplace instructions, vehicle and component part lists, and manufacturer specifications
· interprets vehicle electrical measurements
· measures voltage, current and resistance
· uses mathematical operations
· calculates deviations from manufacturer specifications

	Planning and organising 
	· plans own work requirements
· prioritises actions to achieve required outcomes
· ensures tasks are completed within workplace timeframes

	Technology 
	· uses specialised tools 


[bookmark: _Toc43902516]Unit Mapping Information
Supersedes and is equivalent to AURETH009 Diagnose and repair DC to DC converters in battery electric vehicles.
[bookmark: _Toc43902517]Links
Companion Volume Implementation Guide is found on VETNet: https://vetnet.education.gov.au/Pages/TrainingDocs.aspx?q=b4278d82-d487-4070-a8c4-78045ec695b1


[bookmark: _Toc41319766][bookmark: _Toc41575602][bookmark: _Toc41582100][bookmark: _Toc42186841][bookmark: _Toc43902518]Assessment Requirements for AURETH109 Diagnose and repair DC to DC converters in battery electric vehicles
[bookmark: _Toc43902519]Performance Evidence
The candidate must demonstrate the ability to complete the tasks outlined in the elements, performance criteria and foundation skills of this unit, including evidence of the ability to:
diagnose and repair the DC to DC converter and its system components on at least two different battery electric vehicles (BEVs) to correct performance deficiencies.
[bookmark: _Toc43902520] Knowledge Evidence
The candidate must be able to demonstrate knowledge to complete the tasks outlined in the elements, performance criteria and foundation skills of this unit, including knowledge of:
· methods to locate and interpret information required to diagnose and repair DC to DC converters in battery electric vehicles, including:
information provided by customers and supervisors
Australian Standards (AS) 5732 Electric vehicle operations - Maintenance and repair
manufacturer specifications and procedures 
· workplace procedures required to diagnose and repair DC to DC converters in battery electric vehicles, including: 
establishing serviceability of tools and equipment
documentation procedures
housekeeping procedures, including:
examination of tools and equipment
storage of equipment
identification, tagging and isolation of faulty equipment
disposal of excess materials
recycling procedures
· workplace health and safety (WHS) requirements relating to diagnosing and repairing DC to DC converters in battery electric vehicles, including procedures for:
identifying hazards and controlling risks associated with:
working with high voltages in BEV electrical systems
wearing jewellery while working around high electrical currents
determining appropriate procedures for minimising risk associated with hazards, including applying electrical safety precautions when:
using personal protective equipment (PPE), including electrical safety gloves with 1000 volt rating and Australian standards rated HV insulating mat
identifying and using firefighting equipment
using the one hand rule
following live system warning tags and signs
depowering vehicle
isolating HV RESS electrical supply
stabilising vehicle electrical system
· environmental requirements relating to diagnosing and repairing DC to DC converters in battery electric vehicles, including procedures for trapping, storing and disposing of waste produced during repair.
· safe operating procedures for tools and equipment, including:
digital multimeter with Cat III 1000 volt rating
insulation tester
residual voltage tester
scan tool
oscilloscope
· operating principles of DC to DC converters in battery electric vehicles, including:
step-down converters
step-up converters
continuous current mode
discontinuous current mode
signal noise, including radio frequency (RF) noise, input noise and output noise
· purpose and operation of DC to DC converters in battery electric vehicles, including:
linear converters
switched mode conversion
magnetic converters
capacitive converters
· diagnostic testing procedures for DC to DC converters in battery electric vehicles, including procedures for:
accessing and interpreting scan tool system data, including:
diagnostic trouble codes (DTCs)
live data
using diagnostic flow charts
electrical system testing, including procedures for:
accessing electrical terminals and using test probes without damaging connectors, fuse holders or wiring
checking voltage input and output of DC to DC converters
checking routing and damage to cabling
repair procedures for DC to DC converters in battery electric vehicles, including procedures for:
tightening connections
replacing faulty or damaged cable connections
removing and replacing faulty or damaged components
post-repair testing procedures for DC to DC converters in battery electric vehicles, including procedures for:
DTC clearing procedures
checking for electrical connector mating.
[bookmark: _Toc43902521]Assessment Conditions
Competency is to be assessed in the workplace or a simulated environment that accurately reflects performance in a real workplace setting.
Assessment must include direct observation of tasks.
Where assessment of competency includes third-party evidence, individuals must provide evidence that links them to the BEV DC to DC converters that they have worked on, e.g. repair orders.
Assessors must verify performance evidence through questioning on skills and knowledge to ensure correct interpretation and application.
The following resources must be made available:
· automotive repair workplace or simulated workplace
· PPE and safety equipment, including electrical safety gloves with 1000 volt rating and HV insulating mat with Australian standards rating
· manufacturer specifications for BEV DC to DC converters
· AS 5732 Electric vehicle operations: Maintenance and repair
· two different BEVs with DC to DC converters accessible for diagnostic and repair or replacement activities
· electrical diagnostic equipment appropriate to the BEV being diagnosed and repaired, including:
digital multimeter with Cat III 1000 volt rating
insulation tester
scan tool
oscilloscope
residual voltage tester, if specified in original equipment manufacturer (OEM) test requirements
· tools, equipment and materials appropriate for repairing DC to DC converters in BEVs.

Assessors of this unit must satisfy the requirements for assessors in applicable vocational education and training legislation, frameworks and/or standards.
[bookmark: _Toc43902522]Links
Companion Volume Implementation Guide is found on VETNet: https://vetnet.education.gov.au/Pages/TrainingDocs.aspx?q=b4278d82-d487-4070-a8c4-78045ec695b1


[bookmark: _Toc41319767][bookmark: _Toc41575603][bookmark: _Toc41582101][bookmark: _Toc42186842][bookmark: _Toc43902523]AURETH110 Diagnose and repair high voltage rechargeable energy storage systems in hybrid electric vehicles
[bookmark: _Toc43902524]Application
This unit describes the skills and knowledge required to diagnose and repair faults in the high voltage rechargeable energy storage systems of hybrid electric vehicles (HEVs) and plug-in hybrid electric vehicles (PHEVs). The unit involves preparing for the task, sourcing a diagnostic testing strategy, diagnosing the cause of the fault, carrying out the repair, performing post-repair testing, and completing workplace processes and documentation. Importance is placed in the unit on applying electrical safety procedures when working on high voltage (HV) rechargeable energy storage systems (RESS).
The unit applies to those who work in the automotive service and repair industry. 
No licensing, legislative, regulatory or certification requirements apply to this unit at the time of publication.
[bookmark: _Toc43902525]Prerequisite Unit
AURETR125 Test, charge and replace batteries and jump-start vehicles 
[bookmark: _Toc43902526]Unit Sector
Electrical Technical – Hybrid Vehicle and Hybrid Vehicle
[bookmark: _Toc43902527]Elements and Performance Criteria
	ELEMENT
	PERFORMANCE CRITERIA

	Elements describe the essential outcomes.
	Performance criteria describe the performance needed to demonstrate achievement of the element.

	1. Prepare to diagnose and repair high voltage rechargeable energy storage systems in hybrid electric vehicle
	1.1 Identify job requirements from workplace instructions 
1.2 Identify required information for diagnosis activity 
1.3 Analyse diagnostic options and source testing strategy to identify cause of fault using workplace and manufacturer procedures 
1.4 Identify hazards and environmental issues associated with diagnose and repair activity, assess potential risks and implement control measures in line with workplace policies and procedures 
1.5 Identify tools and equipment required for testing strategy and establish serviceability according to workplace procedures 

	2. Diagnose high voltage rechargeable energy storage systems in hybrid electric vehicle
	2.1 Implement diagnostic tests set out in testing strategy according to manufacturer and workplace procedures, and workplace health and safety requirements
2.2 Identify cause of fault through analysis of diagnostic test results
2.3 Confirm and report cause of fault according to workplace procedures
2.4 Develop and report recommendations for necessary repairs according to workplace procedures

	3. Repair high voltage rechargeable energy storage systems in hybrid electric vehicle
	3.1 Identify required information for repair activity 
3.2 Identify tools, equipment and materials required for repair activity and establish serviceability according to workplace procedures 
3.3 Isolate RESS service plug or manual service disconnect and depower vehicle HV RESS according to manufacturer specifications
3.4 Carry out repairs according to workplace and manufacturer procedures, manufacturer specifications, workplace health and safety and environmental requirements
3.5 Reconnect RESS service plug or manual service disconnect and repower vehicle HV RESS
3.6 Carry out post-repair testing according to workplace procedures, workplace health and safety and environmental requirements 

	4. Complete work processes
	4.1 Conduct final inspection according to workplace procedures and confirm vehicle is ready for use 
4.2 Clear work area and dispose of or recycle materials according to workplace procedures
4.3 Complete documentation according to workplace procedures


[bookmark: _Toc43902528]Foundation Skills
This section describes those language, literacy, numeracy and employment skills that are essential to performance but not explicit in the performance criteria.
	Skills
	Description

	Learning 
	· locates required sources of information efficiently
· develops a sequenced plan for a specific task

	Reading 
	· organises and interprets technical information from workplace procedures, manufacturer procedures and manufacturer specifications
· interprets symbols and wiring diagrams

	Oral communication 
	· clarifies instructions
· obtains information from customers and supervisors

	Numeracy 
	· matches electrical components and part identification numbers to workplace instructions, vehicle and component part lists, and manufacturer specifications
· interprets vehicle electrical measurements and readings on digital and analogue gauges
· measures voltage, current and resistance
· uses mathematical operations
· calculates deviations from manufacturer specifications

	Planning and organising 
	· plans own work requirements
· prioritises actions to achieve required outcomes
· ensures tasks are completed within workplace timeframes

	Technology 
	· uses specialised tools


[bookmark: _Toc43902529]Unit Mapping Information
Supersedes and is equivalent to AURETH010 Diagnose and repair high voltage rechargeable energy storage systems in hybrid electric vehicles.
[bookmark: _Toc43902530]Links
Companion Volume Implementation Guide is found on VETNet: https://vetnet.education.gov.au/Pages/TrainingDocs.aspx?q=b4278d82-d487-4070-a8c4-78045ec695b1


[bookmark: _Toc41319768][bookmark: _Toc41575604][bookmark: _Toc41582102][bookmark: _Toc42186843][bookmark: _Toc43902531]Assessment Requirements for AURETH110 Diagnose and repair high voltage rechargeable energy storage systems in hybrid electric vehicles
[bookmark: _Toc43902532]Performance Evidence
The candidate must demonstrate the ability to complete the tasks outlined in the elements, performance criteria and foundation skills of this unit, including evidence of the ability to:
diagnose and repair high voltage (HV) rechargeable energy storage systems (RESS) in two different hybrid electric vehicles (HEVs) or plug-in hybrid electric vehicles (PHEVs) to correct performance deficiencies.
[bookmark: _Toc43902533] Knowledge Evidence
The candidate must be able to demonstrate knowledge to complete the tasks outlined in the elements, performance criteria and foundation skills of this unit, including knowledge of:
· methods to locate and interpret information required to diagnose and repair high voltage rechargeable energy storage systems in hybrid electric vehicles, including:
information provided by customers and supervisors
Australian Standards (AS) 5732 Electric vehicle operations - Maintenance and repair
manufacturer specifications and procedures 
· workplace procedures required to diagnose and repair high voltage rechargeable energy storage systems in hybrid electric vehicles, including: 
establishing serviceability of tools and equipment
documentation procedures
housekeeping procedures, including:
examination of tools and equipment
storage of equipment
identification, tagging and isolation of faulty equipment
disposal of excess materials
recycling procedures
· workplace health and safety (WHS) requirements relating to diagnosing and repairing high voltage rechargeable energy storage systems in hybrid electric vehicles, including procedures for:
identifying hazards and controlling risks associated with:
working with high voltages in HEV and PHEV electrical systems
wearing jewellery while working around high electrical currents
determining appropriate procedures for minimising risk associated with hazards, including applying electrical safety precautions when:
using personal protective equipment (PPE), including electrical safety gloves with 1000 volt rating and Australian standards rated HV insulating mat
identifying and using firefighting equipment
using the one hand rule
following live system warning tags and signs
depowering vehicle
isolating HV RESS electrical supply
stabilising vehicle electrical system
· environmental requirements relating to diagnosing and repairing high voltage rechargeable energy storage systems in hybrid electric vehicles, including procedures for trapping, storing and disposing of waste produced during repair
· safe operating procedures for tools and equipment, including:
digital multimeter with Cat III 1000 volt rating
insulation tester
residual voltage tester
scan tool
oscilloscope
· operating principles of high voltage rechargeable energy storage systems in HEVs and PHEVs, including:
battery pack construction, including:
battery types
battery internal resistance
battery pack system, including:
charging characteristics
open circuit cells
reverse polarisation
series cell configuration
strapping and layout
· purpose and operation of RESS, including:
HV battery charger and direct current (DC) to DC converter
battery management system (BMS)
power distribution unit (PDU)
· diagnostic testing procedures for high voltage rechargeable energy storage systems in hybrid electric vehicles, including procedures for:
accessing and interpreting scan tool system data, including:
diagnostic trouble codes (DTCs)
live data
using diagnostic flow charts
electrical system testing, including procedures for:
accessing electrical terminals and using test probes without damaging connectors, fuse holders or wiring
testing controller input and output signals and waveforms
vehicle dynamic and static testing procedures
analysing abnormal noise
analysing component failure
RESS cooling system testing
repair procedures for high voltage rechargeable energy storage systems in hybrid electric vehicles, including procedures for:
tightening connections
replacing faulty or damaged cable connections
removing and replacing faulty or damaged components
removing and replacing motor controller
post-repair testing procedures for high voltage rechargeable energy storage systems in hybrid electric vehicles, including procedures for:
DTC clearing procedures
checking for electrical connector mating
performance testing RESS.
[bookmark: _Toc43902534]Assessment Conditions
Competency is to be assessed in the workplace or a simulated environment that accurately reflects performance in a real workplace setting.
Assessment must include direct observation of tasks.
Where assessment of competency includes third-party evidence, individuals must provide evidence that links them to the RESS in HEVs and PHEVs that they have repaired, e.g. repair orders.
Assessors must verify performance evidence through questioning on skills and knowledge to ensure correct interpretation and application.
The following resources must be made available:
· automotive repair workplace or simulated workplace
· PPE, including electrical safety gloves with 1000 volt rating and Australian standards rated HV insulating mat
· manufacturer specifications for HEV or PHEV RESS
· AS 5732 Electric vehicle operations - Maintenance and repair
· two different HEVs or PHEVs RESS and associated components accessible for diagnosis and repair or replacement activities
· electrical diagnostic equipment appropriate to the HEVs or PHEVs being diagnosed and repaired, including:
digital multimeter with Cat III 1000 volt rating
insulation tester
residual voltage tester, if specified in original equipment manufacturer (OEM) specifications
scan tool
oscilloscope
· tools, equipment and materials appropriate for repairing HEV or PHEV RESS and their components.

Assessors of this unit must satisfy the requirements for assessors in applicable vocational education and training legislation, frameworks and/or standards.
[bookmark: _Toc43902535]Links
Companion Volume Implementation Guide is found on VETNet: https://vetnet.education.gov.au/Pages/TrainingDocs.aspx?q=b4278d82-d487-4070-a8c4-78045ec695b1


[bookmark: _Toc41319769][bookmark: _Toc41575605][bookmark: _Toc41582103][bookmark: _Toc42186844][bookmark: _Toc43902536]AURETH114 Diagnose complex faults in hybrid and battery electric vehicle network management systems
[bookmark: _Toc43902537]Application
This unit describes the skills and knowledge required to diagnose complex faults in hybrid, plug-in hybrid and battery electric vehicle (HEV, PHEV and BEV) network management systems and determine the repair action necessary to restore system performance. The systems used vary based on the work context. It involves confirming the existence of a fault, developing a diagnostic testing strategy, diagnosing the cause of the fault, reporting conclusions and making repair recommendations. Importance is placed in the unit on applying electrical safety procedures when working on high voltage (HV) rechargeable energy storage systems (RESS). Complex faults are outside the normal scope of a technician’s diagnosis and repair work. They include intermittent faults, multi-system faults, faults introduced as a result of system repairs, and indirect faults caused by the influence of external systems, requiring the application of complex diagnostic processes to resolve.
The unit applies to those who work in the automotive service and repair industry. 
No licensing, legislative, regulatory or certification requirements apply to this unit at the time of publication.
[bookmark: _Toc43902538]Unit Sector
Electrical Technical – Hybrid Vehicle and Battery Vehicle
[bookmark: _Toc43902539]Elements and Performance Criteria
	ELEMENT
	PERFORMANCE CRITERIA

	Elements describe the essential outcomes.
	Performance criteria describe the performance needed to demonstrate achievement of the element.

	1. Identify and confirm the work requirement
	1.1 Identify job requirements from workplace instructions. 
1.2 Confirm nature of fault according to workplace procedures
1.3 Identify hazards and environmental issues associated with diagnose and repair activity, assess potential risks and implement control measures in line with workplace policies and procedures

	2. Prepare to diagnose complex faults 
	2.1 Identify required information for diagnosis activity
2.2 Analyse diagnostic options and develop testing strategy, including, diagnostic method sequence, tests and testing processes
2.3 Identify tools and equipment required for testing strategy and establish serviceability according to workplace procedures

	3. Apply diagnostic procedures
	3.1 Implement diagnostic tests set out in testing strategy according to manufacturer and workplace procedures, and workplace health and safety requirements
3.2 Verify and report diagnostic findings using reliable alternative process according to manufacturer specifications and workplace procedures
3.3 Develop and report recommendations for necessary repairs according to workplace procedures
3.4 Communicate findings to workplace supervisor and customer and confirm next steps

	4. Complete work processes
	4.1 Conduct final inspection according to workplace procedures and confirm vehicle is ready for repair process or return to customer 
4.2 Clear work area and dispose of or recycle materials according to workplace procedures 
4.3 Complete documentation according to workplace procedures


[bookmark: _Toc43902540]Foundation Skills
This section describes those language, literacy, numeracy and employment skills that are essential to performance but not explicit in the performance criteria.
	Skills
	Description

	Learning 
	· locates required sources of information efficiently
· develops own approach to a task, including steps to confirm findings
· applies diagnostic skills to different vehicles or machinery

	Reading 
	· researches, organises and interprets technical information from manufacturer and workshop literature when seeking network management system specifications and procedures

	Oral communication 
	· clarifies instructions
· obtains information from customers and supervisors

	Numeracy 
	· measures network management system components and uses mathematical operations to calculate tolerances and deviations from manufacturer specifications

	Planning and organising 
	· plans own work requirements and prioritise and sequence actions to achieve required outcomes and ensure tasks are completed within workplace timeframes

	Technology skills 
	· uses specialised diagnostic equipment


[bookmark: _Toc43902541]Unit Mapping Information
Supersedes and is equivalent to AURETH014 Diagnose complex faults in hybrid and battery electric vehicle network management systems. 
[bookmark: _Toc43902542]Links
Companion Volume Implementation Guide is found on VETNet: https://vetnet.education.gov.au/Pages/TrainingDocs.aspx?q=b4278d82-d487-4070-a8c4-78045ec695b1
[bookmark: _Toc41319770][bookmark: _Toc41575606][bookmark: _Toc41582104][bookmark: _Toc42186845][bookmark: _Toc43902543]
Assessment Requirements for AURETH114 Diagnose complex faults in hybrid and battery electric vehicle network management systems
[bookmark: _Toc43902544]Performance Evidence
The candidate must demonstrate the ability to complete the tasks outlined in the elements, performance criteria and foundation skills of this unit, including evidence of the ability to:
diagnose complex faults in the embedded network management systems of:
at least one battery electric vehicle (BEV)
at least one hybrid electric vehicle (HEV) or one plug-in hybrid electric vehicle (PHEV)
develop a testing strategy to diagnose the cause of at least two of the following complex faults, each present in one of the above vehicles:
an intermittent fault
a fault that affects more than one system
a fault introduced as a result of a system repair 
an indirect fault caused by the influence of external systems.
[bookmark: _Toc43902545]Knowledge Evidence
The candidate must be able to demonstrate knowledge to complete the tasks outlined in the elements, performance criteria and foundation skills of this unit, including knowledge of:
· methods to locate and interpret information required to diagnose and repair complex faults in hybrid and battery electric vehicle network management systems, including:
hybrid and battery electric vehicle network management systems system manufacturer specifications
· workplace procedures required to diagnose and repair complex faults in hybrid and battery electric vehicle network management systems, including:
establishing the serviceability of tools and equipment 
documentation procedures
housekeeping procedures, including:
examination of tools and equipment
storage of equipment
identification, tagging and isolation of faulty equipment
safe disposal of materials
recycling procedures
· workplace health and safety (WHS) requirements relating to diagnosing complex faults in hybrid and battery electric vehicle network management systems, including procedures for:
identifying hazards and controlling risks associated with:
working with high voltages on vehicle electrical systems
working with hazardous materials and toxic substances
wearing jewellery while working around high electrical currents
minimising risk, including:
analysing task to define risk
applying electrical safety precautions, including one hand rule, live system warning tags and signs, depowering the vehicle, isolating the high voltage (HV) rechargeable energy storage system (RESS) electrical supply, and stabilising the vehicle electrical system
using personal protective equipment (PPE), including electrical safety gloves with 1000 volt rating and Australian standards rated HV insulating mat
identifying and using fire safety equipment
lifting and moving the RESS using safe manual handling techniques
using workplace first aid equipment
· environmental requirements relating to hybrid and battery electric vehicle network management systems
· types of complex faults relating to hybrid and battery electric vehicle network management systems, including:
intermittent
multi-system
introduced as a result of system repair
indirect, caused by the influence of external systems
· operating principles of network management systems and data multiplexing in HEVs, PHEVs and BEVs
· key features of hybrid and battery electric vehicle network management systems, including:
direct current (DC) electric motor types, including:
separately excited motors
permanent magnet motors
alternating current (AC) electric motor types, including:
induction motors
brushless motors
motor controllers, including:
variable pulse width DC types
variable frequency, variable amplitude AC types
inverters and converters, including:
AC to DC
DC to AC
batteries, including:
lead acid batteries
nickel metal hydride batteries
lithium ion batteries
ultra capacitors and super capacitors
parallel hybrid electric vehicles
series hybrid electric vehicles
power split hybrid electric vehicles
· testing procedures for hybrid and battery electric vehicle network management systems, including:
vehicle dynamic and static testing
abnormal noise analysis
component failure analysis
vehicle continuous and non-continuous monitored systems
· key features and limitations of diagnostic testing equipment required to diagnose complex faults relating to hybrid and battery electric vehicle network management systems
· procedures for accessing and interpreting scan tool system data, including:
diagnostic trouble codes (DTCs), including:
conditions that set the DTCs
conditions for running DTCs
live data.
[bookmark: _Toc43902546]Assessment Conditions
Competency is to be assessed in the workplace or a simulated environment that accurately reflects performance in a real workplace setting.
Assessment must include direct observation of tasks.
Where assessment of competency includes third-party evidence, individuals must provide evidence that links them to the HEV, PHEV and BEV network management systems that they have worked on, e.g. repair orders.
Assessors must verify performance evidence through questioning on skills and knowledge to ensure correct interpretation and application.
The following resources must be made available:
· automotive repair workplace or simulated workplace
· workplace instructions
· AS 5732 Electric vehicle operations: Maintenance and repair
· manufacturer HEV, PHEV and BEV network management system specifications
· one BEV and one HEV or PHEV with complex network management system faults
· BEV, HEV and PHEV network management system diagnostic equipment, including:
digital multimeter
scan tool
oscilloscope
specialist BEV, PHEV and HEV tools and equipment as specified in original equipment manufacturer requirements
· tools, equipment and materials appropriate for diagnosing complex faults in HEV, PHEV and BEV network management systems.

Assessors of this unit must satisfy the requirements for assessors in applicable vocational education and training legislation, frameworks and/or standards.
[bookmark: _Toc43902547]Links
Companion Volume Implementation Guide is found on VETNet: https://vetnet.education.gov.au/Pages/TrainingDocs.aspx?q=b4278d82-d487-4070-a8c4-78045ec695b1
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