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FOREWORD

The provision of quality education and training is fundamental to the Government’s overall strategy for social economic development. Quality education and training will contribute to achievement of Kenya’s development blueprint, Vision 2030 and sustainable development goals. 

Reforms in the education sector are necessary for the achievement of Kenya Vision 2030 and meeting the provisions of the Constitution of Kenya 2010. The education sector had to be aligned to the Constitution of Kenya 2010. A key feature of this policy is the radical change in the design and delivery of the TVET training.  This policy document requires that training in TVET shall be competency based, curriculum development shall be industry led, certification shall be based on demonstration of competence and mode of delivery shall allow for multiple entry and exit in TVET programmes. 

These reforms demand that Industry takes a leading role in curriculum development to ensure the curriculum addresses its competence needs. It is against this background that this curriculum for Industrial Automation and Robotics  level 6 was developed.
It is my conviction that this Curriculum will play a great role towards development of competent human resource for the engineering sectors growth and development.

PRINCIPAL SECRETARY, VOCATIONAL AND TECHNICAL TRAINING 

MINISTRY OF EDUCATION

PREFACE

Kenya Vision 2030 aims to transform the country into a newly industrializing, “middle-income country providing a high-quality life to all its citizens by the year 2030”.  Kenya intends to create a globally competitive and adaptive human resource base to meet the requirements of a rapidly industrializing economy through life-long education and training. TVET has a responsibility of facilitating the process of inculcating knowledge, skills and attitudes necessary for catapulting the nation to a globally competitive country, hence the paradigm shift to embrace Competency Based Education and Training (CBET). 

The Technical and Vocational Education and Training Act No. 29 of 2013 emphasized the need to reform curriculum development, assessment and certification. This called for a shift to CBET in order to address the mismatch between skills acquired through training and skills needed by industry as well as increase the global competitiveness of Kenyan labour force.
The TVET Curriculum Development, Assessment and Certification Council (TVET CDACC), in conjunction with the Industrial Advisory Committee and Electrical Sector Skills Advisory Committee (SSAC) have developed the Occupational Standards for Automation and Robotics Technicians. These standards will be the basis for development of competency-based curriculum for Automation and Robotics level 6.

This curriculum has been developed following the CBET framework policy; the CBETA Standards and guidelines provided by the TVET Authority and the Kenya National Qualification framework designed by the Kenya National Qualification Authority.

This curriculum is designed and organized with an outline of learning outcomes; suggested delivery methods, training/learning resources and methods of assessing the trainee’s achievement. The curriculum is competency-based and allows multiple entry and exit to the course. 

I am grateful to the Council Members, Council Secretariat, electrical SSAC, expert workers and all those who participated in the development of this curriculum

CHAIRPERSON, TVET CDACC

ACKNOWLEDGMENT
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I am convinced that this curriculum will go a long way in ensuring that workers in engineering sector acquire competencies that will enable them to perform their work more efficiently.

COUNCIL SECRETARY/CEO
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           Curriculum
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          Distributed Control Systems

HIV               Human Immuno-Deficiency Virus
HMIs
           Human Machine Interfaces
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Occupational Health and Safety Assessment Series

OSH
           Occupational Safety and Health

PESTEL          Political Environmental Social Technological Economic Legal 
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           Technical and Vocational Education and Training
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OVERVIEW

Industrial Automation and Robotics Technician Level 6 qualification consists of the competencies that an individual must achieve to maintain mechanical systems , install and maintain automation system components, develop and maintain data communication systems, develop and optimize process control systems, install and maintain stand-alone controllers (SACs), install and maintain robotic systems, install and maintain programmable logic controllers (PLCs), install and maintain human machine interfaces (HMIs), install and maintain supervisory control and data acquisition (SCADA), install and maintain distributed control systems (DCSs).

This course comprises of the following basic, common and core units of Learning as shown below;
Basic Units of Learning

	Unit Code
	Unit Title
	Duration in Hours
	Credit Factor

	ENG/CU/IA/BC/01/6
	Communication Skills
	40
	4

	ENG/CU/IA/BC/03/6
	Digital Literacy
	60
	6

	ENG/CU/IA/BC/02/6
	Entrepreneurial Skills
	100
	10

	ENG/CU/IA/BC/04/6
	Employability Skills
	80
	8

	ENG/CU/IA/BC/05/6
	Environmental Literacy
	40
	4

	ENG/CU/IA/BC/06/6
	Occupational Safety and Health Practices
	40
	4

	
	
	
	

	TOTAL
	360
	36


Common Units of Learning
	Unit Code
	Unit Title
	Duration in Hours
	Credit Factor

	ENG/CU/IA/CC/01/6
	Technical Drawings
	150
	15

	ENG/CU/IA/CC/02/6
	Engineering Mathematics
	150
	15

	ENG/CU/IA/CC/03/6
	Mechanical Science Principles
	 75
	7.5

	ENG/CU/IA/CC/04/6
	Electrical and Electronics Principles 
	75
	7.5

	ENG/CU/IA/CC/05/6
	Workshop Technology Principles
	100
	10

	ENG/CU/IA/CC/06/6
	Industrial Attachment
	480
	48

	TOTAL
	1030
	103


Core Units of Learning

	      Unit of Learning Code
	Unit of Learning Title
	Duration in Hours
	Credit Factor

	ENG/CU/IA/CR/01/6
	Maintaining Mechanical Systems 
	120
	12

	ENG/CU/IA/CR/02/6
	Installing and Maintaining 

Automation System Components 
	144
	14

	ENG/CU/IA/CR/03/6
	Developing and Maintaining 

Data Communication Systems 
	96
	9.6

	ENG/CU/IA/CR/04/6
	Developing Process Control Systems
	120
	12

	ENG/CU/IA/CR/05/6
	Installing and Maintaining 

Stand-Alone Controllers (SACs)
	96
	10

	ENG/CU/IA/CR/06/6
	Installing and Maintaining 

Robotic Systems 
	96
	10

	ENG/CU/IA/CR/07/6
	Installing and Maintaining 

Programmable Logic Controllers (PLCs)
	192
	19

	ENG/CU/IA/CR/08/6
	Installing and Maintaining

Human Machine Interfaces (HMIs)
	72
	7

	ENG/CU/IA/CR/09/6
	Installing and Maintaining Supervisory 

Control and Data Acquisition (SCADA)
	96
	9.6

	ENG/CU/IA/CR/10/6
	Installing and Maintaining

Distributed Control Systems (DCSs)
	96
	9.6

	TOTAL 
	1228
	122.8

	GROSS TOTAL 
	2518
	251.8


Entry Requirements

An individual entering this course should have any of the following minimum requirements:

a) Kenya certificate of secondary education (KCSE) – Mean Grade C- ( Minus) 

b) Industrial Automation and Robotics Technician Level 5 certificate with one year of continuous work experience

Or

c) Equivalent qualifications as determined by Kenya National Qualifications Authority (KNQA)
Provision for Industrial attachment
It is envisaged that the trainee will have undergone an industrial training and assessment with a recognized workplace as a prerequisite for completion of this training course.

Assessment

The course will be assessed at two levels: internally and externally. Internal assessment is continuous and is conducted by the trainer who is monitored by an internal accredited verifier while external assessment is the responsibility of TVET CDACC.

As part of the continuous internal assessment process, trainees will maintain a portfolio of evidence of their achievements.

Certification

On successful completion of a Unit of Learning, a trainee will be issued with a Certificate that acknowledges the achievement of that competence.   On successful completion of all units of learning, a trainee will be awarded Industrial Automation and Robotics Technician Level 6 Diploma qualification. These certificates will be issued by TVET CDACC in conjunction with training provider.
BASIC UNITS OF LEARNING

COMMUNICATION SKILLS
UNIT CODE: ENG/CU/IA/BC/01/6/A
Relationship to Occupational Standards
This unit addresses the Unit of Competency: Demonstrate Communication Skills
Duration of Unit: 40 hours

Unit Description
This unit covers the competencies required to demonstrate communication skills .It involves, meeting communication needs of clients and colleagues; developing communication strategies, establishing and maintaining communication pathways, conducting interviews, facilitating group discussion and representing the organization.
Summary of Learning Outcomes

1. Meet communication needs of clients and colleagues
2. Develop communication strategies 
3. Establish and maintain communication pathways
4. Promote use of communication strategies 

5. Conduct interview
6. Facilitate group discussion 

7. Represent the organization

Learning Outcomes, Content and Suggested Assessment Methods

	Learning Outcome
	Content
	Suggested Assessment Methods

	1. Meet communication needs of clients and colleagues
	· Communication process 

· Modes of communication

· Medium of communication

· Effective communication

· Barriers to communication

· Flow of communication

· Sources of information

· Organizational policies

· Organization requirements for written and electronic communication methods

· Report writing

· Effective questioning techniques (clarifying and probing)

· Workplace etiquette

· Ethical work practices in handling communication

· Active listening

· Feedback

· Interpretation

· Flexibility in communication

· Types of communication strategies

· Elements of communication strategy  
	· Interview

· Written texts



	2. Develop communication strategies
	· Dynamics of groups

· Styles of group leadership 

· Openness and flexibility in communication 

· Communication skills relevant to client groups
	· Interview

· Written texts



	3. Establish and maintain communication pathways
	· Types of communication pathways
	· Interview

· Written texts



	4. Promote use of communication strategies


	· Application of elements of communication strategies

· Effective communication techniques 
	· Interview

· Written texts



	5. Conduct interview
	· Types of interview

· Establishing rapport

· Facilitating resolution of issues

· Developing action plans
	· Interview

· Written texts



	6. Facilitate group discussion


	· Identification of communication needs

· Dynamics of groups

· Styles of group leadership

· Presentation of information

· Encouraging group members participation

· Evaluating group communication strategies
	· Interview

· Written texts



	7. Represent the organization


	· Presentation techniques

· Development of a presentation

· Multi-media utilization in presentation 

· Communication skills relevant to client groups
	· Interview

· Written texts




Suggested Methods of Instruction

· Discussion

· Role playing

· Simulation

· Direct instruction

Recommended Resources

· Desktop computers/laptops
· Internet connection

· Projectors

· Telephone 
DIGITAL LITERACY
UNIT CODE:
ENG/CU/IA/BC/02/6/A
Relationship to Occupational Standards
This unit addresses the Unit of Competency: Demonstrate Digital Literacy

Duration of Unit: 60 hours

Unit Description
This unit describes competencies required to demonstrate digital literacy. It involves  in identifying computer software and hardware, applying security measures to data, hardware, software in automated environment, computer software in solving task, internet and email in communication at workplace, desktop publishing in official assignments and preparing presentation packages.

Summary of Learning Outcomes

1. Identify computer software and hardware

2. Apply security measures to data, hardware, software in automated environment 

3. Apply computer software in solving tasks

4. Apply internet and email in communication at workplace

5. Apply desktop publishing in official assignments

6. Prepare presentation packages

Learning Outcomes, Content and Suggested Assessment Methods

	Learning Outcome
	Content
	Suggested Assessment Methods

	1. Identify computer hardware and software


	· Concepts of ICT

· Functions of ICT

· History of computers

· Components of  a computer

· Classification of computers
	· Written tests

· Oral presentation



	2. Apply security measures to data, hardware, software in automated environment 


	· Data security and control

· Security threats and control measures

· Types of computer crimes

· Detection and protection against computer crimes

· Laws governing protection of ICT
	· Written tests

· Oral presentation

· Project

	3. Apply computer software in solving tasks


	· Operating system

· Word processing

· Spread sheets

· Data base design and manipulation
· Data manipulation, storage and retrieval
	· Oral questioning

· Project 

	4. Apply internet and email in communication at workplace


	· Computer networks

· Network configurations

· Uses of internet

· Electronic mail (e-mail) concept
	· Oral questioning

· Written report

	5. Apply desktop publishing in official assignments


	· Concept of desktop publishing

· Opening publication window

· Identifying different tools and tool bars

· Determining page layout

· Opening, saving and closing files

· Drawing various shapes using DTP

· Using colour pellets to enhance a document

· Inserting text frames

· Importing and exporting text

· Object linking and embedding

· Designing of various publications

· Printing of various publications
	· Oral questioning

· Written report

· Project

	6. Prepare presentation packages


	· Types of presentation packages

· Procedure of creating slides

· Formatting slides

· Presentation of slides

· Procedure for editing objects 
	· Oral questioning

· Written report

· Project


Suggested Methods of Instruction 

· Instructor led facilitation of theory 

· Demonstration by trainer 

· Practical work by trainee

· Viewing of related videos

· Project 

· Group discussions 

Recommended Resources

· Computers 

· Printers

· Storage devices

· Internet access

ENTREPRENEURIAL SKILLS 

UNIT CODE: ENG/CU/IA/BC/03/6/A
Relationship to Occupational Standards

This unit addresses the Unit of Competency: Demonstrate Entrepreneurial Skills

Duration of unit: 100 hours

Unit Description

This unit covers the competencies required to demonstrate understanding of entrepreneurship. It involves demonstrating understanding of an entrepreneur, entrepreneurship and self-employment. It also involves identifying entrepreneurship opportunities, creating entrepreneurial awareness, applying entrepreneurial motivation and developing business innovative strategies.

Summary of Learning Outcomes

1. Demonstrate understanding of who an entrepreneur

2. Demonstrate knowledge of entrepreneurship and self-employment

3. Identify entrepreneurship opportunities

4. Create entrepreneurial awareness

5. Apply entrepreneurial motivation

6. Develop business innovative strategies

7. Develop Business plan

	Learning Outcome
	Content
	Suggested Assessment Methods

	1. Demonstrate knowledge of entrepreneurship and self-employment
	· Importance of self-employment

· Requirements for entry into self-employment

· Role of an Entrepreneur in business

· Contributions of Entrepreneurs to National development

· Entrepreneurship culture in Kenya

· Born or made entrepreneurs
	· Individual/group assignments

· Projects

· Written tests

· Oral questions

· Third party report

	2. Identify entrepreneurship opportunities
	· Business ideas and opportunities

· Sources of business ideas

· Business life cycle

· Legal aspects of business

· Assessment of product demand

· Business environment

· Factors to consider when evaluating business environment

· Technology in business
	· Individual/group assignments

· Projects

· Written tests

· Oral questions

· Third party report

· Interviews

	3. Create entrepreneurial awareness
	· Forms of businesses

· Sources of business finance

· Factors in selecting source of business finance

· Governing policies on Small Scale Enterprises (SSEs)

· Problems of starting and operating SSEs
	· Individual/group assignments

· Projects

· Written tests

· Oral questions

· Third party report

· Interviews

	4. Apply entrepreneurial motivation


	· Internal and external motivation

· Motivational theories

· Self-assessment

· Entrepreneurial orientation

· Effective communications in entrepreneurship

· Principles of communication

· Entrepreneurial motivation
	· Case studies

· Individual/group assignments

· Projects

· Written tests

· Oral questions

· Third party report

· Interviews



	5. Develop business innovative strategies
	· Innovation in business

· Small business Strategic Plan

· Creativity in business development

· Linkages with other entrepreneurs

· ICT in business growth and development


	· Case studies

· Individual/group assignments

· Projects

· Written tests

· Oral questions

· Third party report

· Interviews



	6. Develop Business Plan
	· Business description

· Marketing plan

· Organizational/Management

· plan

· Production/operation plan

· Financial plan

· Executive summary

· Presentation of Business Plan
	· Case studies

· Individual/group assignments

· Projects

· Written tests

· Oral questions

· Third party report

· Interviews




Suggested Methods of Instruction

· Direct instruction

· Project

· Case studies

· Field trips

· Discussions

· Demonstration

· Question and answer

· Problem solving

· Experiential

· Team training

Recommended Resources

· Case studies

· Business plan templates

· Computers

· Overhead projectors

· Internet

· Mobile phone

· Video clips

· Films

· Newspapers and Handouts

· Business Journals

· Writing materials

EMPLOYABILITY SKILLS
UNIT CODE:ENG/CU/IA/BC/04/6/A
Relationship to Occupational Standards
This unit addresses the Unit of Competency: Demonstrate Employability Skills
Duration of Unit: 80 hours

Unit Description

This unit covers competencies required to demonstrate employability skills. It involves conducting self-management, demonstrating interpersonal communication, critical safe work habits, leading a workplace team, planning and organizing work, maintaining professional growth and development, demonstrating workplace learning, problem solving skills and managing ethical performance.

Summary of Learning Outcomes

1. Conduct self-management 

2. Demonstrate interpersonal communication  

3. Demonstrate critical safe work habits  

4. Lead a workplace team 

5. Plan and organize work 

6. Maintain professional growth and development 

7. Demonstrate workplace learning 

8. Demonstrate problem solving skills 

9. Manage ethical performance 

Learning Outcomes, Content and Suggested Assessment Methods

	Learning Outcome
	Content
	Suggested Assessment Methods

	1. Conduct self-management 
	· Self-awareness
· Formulating personal vision, mission and goals 

· Strategies for overcoming life challenges

· Managing emotions 

· Emotional intelligence

· Assertiveness versus aggressiveness 

· Expressing personal thoughts, feelings and beliefs 

· Developing and maintaining high self-esteem 

· Developing and maintaining positive self-image 

· Setting performance targets

· Monitoring and evaluating performance 

· Articulating ideas and aspirations 

· Accountability and responsibility 

· Good work habits 

· Self-awareness

· Values and beliefs

· Self-development

· Financial literacy

· Healthy lifestyle practices

· Adopting safety practices  
	· Written tests

· Oral questioning

· Interviewing 

· Portfolio of evidence

· Third party report

	2. Demonstrate interpersonal communication  
	· Meaning of interpersonal communication   

· Listening skills 

· Types of audience 

· Public speaking 

· Writing skills 

· Negotiation skills 

· Reading skills 

· Meaning of empathy

· Understanding customers’ needs 

· Establishing communication networks

· Assertiveness 

· Sharing information
	· Written tests

· Oral questioning

· Interviewing 

· Portfolio of evidence

· Third party report

	3. Demonstrate critical safe work habits  


	· Stress and stress management
· Time concept

· Punctuality and time consciousness

· Leisure  

· Integrating personal objectives into organizational objectives

· Resources mobilization

· Resources utilization 

· Setting work priorities

· Developing healthy relationships 

· HIV and AIDS 

· Drug and substance abuse 

· Managing emerging issues 
	· Written tests

· Oral questioning

· Interviewing 

· Portfolio of evidence

· Third party report

	4. Lead a workplace team
	· Leadership qualities 

· Power and authority 

· Team building

· Determination of team roles and objectives 

· Team parameters and relationships 

· Individual responsibilities in a team

· Forms of communication 

· Complementing team activities

· Gender and gender mainstreaming 

· Human rights 

· Developing healthy relationships

· Maintaining relationships 

· Conflicts and conflict resolution 

· Coaching and mentoring skills
	· Written tests

· Oral questioning

· Interviewing 

· Portfolio of evidence

· Third party report

	5. Plan and organize work


	· Functions of management 

· Planning 

· Organizing

· Time management 

· Decision making concept 

· Task allocation

· Developing work plans

· Developing work goals/objectives and deliverables 

· Monitoring work activities

· Evaluating work activities

· Resource mobilization

· Resource allocation 

· Resource utilization

· Proactive planning 

· Risk evaluation

· Problem solving 

· Collecting, analysing and organising information

· Negotiation 
	· Written tests

· Oral questioning

· Interviewing 

· Portfolio of evidence

· Third party report

	6. Maintain professional growth and development
	· Avenues for professional growth

· Training and career opportunities

· Assessing training needs

· Mobilizing training resources 

· Licenses and certifications for professional growth and development

· Pursuing personal and organizational goals

· Managing work priorities and commitments

· Recognizing career advancement
	· Written tests

· Oral questioning

· Interviewing 

· Portfolio of evidence

· Third party report

	7. Demonstrate workplace learning 


	· Managing own learning

· Mentoring

· Coaching

· Contributing to the learning community at the workplace

· Cultural aspects of work

· Networking

· Variety of learning context

· Application of learning 

· Safe use of technology

· Taking initiative/proactivity

· Flexibility

· Identifying opportunities

· Generating new ideas

· Workplace innovation

· Performance improvement

· Managing emerging issues 

· Future trends and concerns in learning
	· Written tests

· Oral questioning

· Interviewing 

· Portfolio of evidence

· Third party report 

	8. Demonstrate problem solving skills
	· Critical thinking process 

· Data analysis tools 

· Decision making 

· Creative thinking

· Development of creative, innovative and practical solutions

· Independence in identifying and solving problems

· Solving problems in teams

· Application of problem-solving strategies

· Testing assumptions

· Resolving customer concerns 
	· Written tests

· Oral questioning

· Interviewing 

· Portfolio of evidence

· Third party report 

	9. Manage ethical performance
	· Meaning of ethics 

· Ethical perspectives 

· Principles of ethics

· Ethical standards 

· Organization code of ethics 

· Common ethical dilemmas 

· Organization culture

· Corruption, bribery and conflict of interest

· Privacy and data protection 

· Diversity, harassment and mutual respect

· Financial responsibility/accountability 

· Etiquette 

· Personal and professional integrity 

· Commitment to jurisdictional laws 

· Emerging issues in ethics
	· Written tests

· Oral questioning

· Interviewing 

· Portfolio of evidence

· Third party report 


Suggested Methods of Instruction 

· Demonstrations

· Simulation/Role play

· Group Discussion

· Presentations 

· Assignments 

· Q&A

Recommended Resources

· Computers

· Stationery

· Charts

· Video clips

· Audio tapes

· Radio sets

· TV sets

· LCD projectors

ENVIRONMENTAL LITERACY

UNIT CODE: ENG/CU/IA/BC/05/6/A
Relationship to Occupational Standards: 

This unit addresses the Unit of Competency : Demonstrate Environmental Literacy
Duration of Unit: 40 hours

Unit Description

This unit describes the competencies required demonstrate environmental literacy.it involves controlling environmental hazard, controlling environmental pollution, complying with workplace sustainable resource use, evaluating current practices in relation to resource usage, identifying environmental legislations/conventions for environmental concerns, implementing specific environmental programs, monitoring activities on environmental protection/programs, analysing  resource use and developing resource conservation plans.    
Summary of Learning Outcomes

1. Control environmental hazard 

2. Control environmental Pollution 

3. Demonstrate sustainable resource use

4. Evaluate current practices in relation to resource usage
5. Identify Environmental legislations/conventions for environmental concerns

6. Implement specific environmental programs

7. Monitor activities on Environmental protection/Programs 

8. Analyze resource use

9. Develop resource conservation plans

Learning Outcomes, Content and Suggested Assessment Methods

	Learning Outcome
	               Content
	Suggested Assessment Methods

	1. Control environmental hazard 
	· Purposes and content of Environmental Management and Coordination Act 1999 

· Storage methods for environmentally hazardous materials 

· Disposal methods of hazardous wastes 

· Types and uses of PPE in line with environmental regulations

· Occupational Safety and Health Standards (OSHS)
	· Written questions

· Oral questions 



	2. Control environmental Pollution control
	· Types of pollution

· Environmental pollution control measures 

· Types of solid wastes

· Procedures for solid waste management

· Different types of noise pollution

· Methods for minimizing noise pollution 
	· Written questions

· Oral questions 

· Role play

	3. Demonstrate sustainable resource use
	· Types of resources 

· Techniques in measuring current usage of resources

· Calculating current usage of resources

· Methods for minimizing wastage 

· Waste management procedures

·  Principles of 3Rs  (Reduce, Reuse, Recycle)

· Methods for economizing or reducing resource consumption
	· Written questions

· Oral questions

· Role play



	4. Evaluate current practices in relation to resource usage
	· Collection of information on environmental and resource efficiency systems and procedures, 

· Measurement and recording of current resource usage

· Analysis and recording of current purchasing strategies.

· Analysis of current work processes to access information and data 

· Identification of areas for improvement
	· Written questions

· Oral questions

· Role play

	5. Identify Environmental legislations/conventions for environmental concerns
	· Environmental issues/concerns

· Environmental legislations /conventions and local  ordinances  

· Industrial standard /environmental practices  

· International Environmental Protocols (Montreal, Kyoto)

· Features of an environmental strategy
	· Written questions

· Oral questions 



	6. Implement specific environmental programs
	· Community needs and expectations

· Resource availability

· 5s of good housekeeping

· Identification of programs/Activities  

· Setting of individual 
roles /responsibilities  

· Resolving problems /constraints encountered 
· Consultation with stakeholders
	· Written questions

· Oral questions 

· Role play

	7. Monitor activities on Environmental protection/Programs    
	· Periodic monitoring and Evaluation of activities  

·  Gathering feedback from stakeholders    

· Analyzing data gathered  

· Documentation of recommendations and submission

· Setting of management support systems  to sustain and enhance the program

· Monitoring and reporting of environmental incidents to concerned /proper authorities
	· Oral questions 

· Written tests

· Practical test

	8. Analyze resource use
	· Identification of resource consuming processes  

· Determination of quantity and nature of resource consumed   

· Analysis of resource flow   through different parts of 
the process.

· Classification of wastes for possible source of resources.
	· Written tests

· Oral questions 

· Practical test

	9. Develop resource        Conservation plans
	· Determination of efficiency of use/conversion of resources    

· Causes of low efficiency of use of resources  

· Plans for increasing the efficiency of 
resource use 
	· Written tests

· Oral questions 

· Practical test




Suggested Methods of Instruction 

· Instructor led facilitation of theory 

· Practical demonstration of tasks by trainer

· Practice by trainees

· Observations and comments and corrections by trainers

Recommended Resources

· Standard operating and/or other workplace procedures manuals

· Specific job procedures manuals

· Environmental Management and Coordination Act 1999

· Machine/equipment manufacturer’s specifications and instructions

· Personal Protective Equipment (PPE) 
· ISO standards

· Company environmental management systems (EMS)

· Montreal Protocol

· Kyoto Protocol

OCCUPATIONAL SAFETY AND HEALTH PRACTICES
UNIT CODE:
ENG/CU/IA/BC/06/6/A

Relationship to Occupational Standards
This unit addresses the Unit of Competency: Demonstrate Occupational Safety and Health Practices

Duration of Unit: 40 hours

Unit Description
This unit specifies the competencies required to demonstrate occupational health and safety practices. It involves identifying workplace hazards and risk, identifying and implementing appropriate control measures to hazards and risks and implementing OSH programs, procedures and policies/guidelines.


Summary of Learning Outcomes

1. Identify workplace hazards and risk
2. Control OSH hazards
3. Implement OSH programs 
Learning Outcomes, Content and Suggested Assessment Methods

	Learning Outcome
	Content
	Suggested Assessment Methods

	1. Identify workplace hazards and risks 
	· Identification of hazards in the workplace and/or the indicators of their presence
· Evaluation and/or work environment measurements of OSH hazards/risk existing in the workplace
· Gathering of OSH issues and/or concerns
	· Oral questions 

· Written tests

· Portfolio of evidence

· Third party report



	2. Control OSH hazards

	· Prevention and control measures e.g. use of PPE
· Risk assessment 

· Contingency measures
	· Oral questions 

· Written tests

· Portfolio of evidence

· Third party report



	3. Implement OSH

       programs


	· Company OSH program, evaluation and review 
·  Implementation of OSH programs 
· Training of team members and advice on OSH standards and procedures
· Implementation of procedures for maintaining OSH-related records 
	· Oral questions 

· Written tests

· Portfolio of evidence

· Third party report




Suggested Methods of Instruction

· Assigments

· Discussion

· Q&A

· Role play

· Viewing of related videos

Recommended Resources

· Standard operating and/or other workplace procedures manuals

· Specific job procedures manuals

· Machine/equipment manufacturer’s specifications and instructions

· Personal Protective Equipment (PPE) e.g.
· Mask 

· Face mask/shield

· Safety boots

· Safety harness

· Arm/Hand guard, gloves

· Eye protection (goggles, shield)


· Hearing protection (ear muffs, ear plugs)

· Hair Net/cap/bonnet

· Hard hat

· Face protection (mask, shield)

· Apron/Gown/coverall/jump suit

· Anti-static suits

· High-visibility reflective vest

COMMON UNITS OF LEARNING

PREPARE AND INTERPRATE TECHNICAL DRAWINGS

UNIT CODE: ENG/IA/CC/01/6/A
Relationship to Occupational Standards
This unit addresses the unit of competency: Prepare and Interpret Technical Drawings

Duration of Unit: 150 hours

UNIT DESCRIPTION
This unit covers the competencies required to prepare and interpret technical drawings. It involves competencies to use and maintain drawing equipment and materials, produce plain geometry drawings, solid geometry drawings, pictorial and orthographic drawings of components and application of CAD packages.

Summary of Learning Outcomes

1. Use and maintain drawing equipment and materials
2. Produce plain geometry drawings
3. Produce solid geometry drawings
4. Produce pictorial and orthographic drawings of components
5. Apply CAD packages in drawing
Learning Outcomes, Content and Suggested Assessment Methods

	Learning Outcome
	Content
	Suggested Assessment Methods

	1. Use and maintain drawing equipment and materials

	· Identification and care of drawing equipment

· Identification and care of drawing materials

· Reference to manufacturer’s instructions and work place procedures 

· Environmental legislations on use and maintenance of drawing equipment and materials 

· Use of Personal Protective Equipment (PPEs)


	· Oral 

· Written

· Project

Observation 

	2. Produce plain geometry drawings

	· Types of lines in drawings

· Construction of geometric forms

· Construction of different angles

· Measurement of different angles

· Bisection of different angles and lines

· Standard drawing conventions


	· Oral 

· Written

· Project

Observation 

	3. Produce solid geometry drawings

	· Interpretation of sketches and drawings of patterns e.g. cylinders, prisms and pyramids

· Development of surface of interpenetrating solids and truncated solids

· Interpenetrations of solids e.g. cylinder to cylinder and cylinder to prism or prism to prism of equal and unequal diameters


	· Oral 

· Written

· Project

· Observation 



	4. Produce pictorial and orthographic drawings of components

	· Meaning of pictorial and orthographic drawings and sectioning

· Meaning of symbols and abbreviations 

· Drawing of isometric, oblique, axonometric, auxiliary and perspective views

· Drawing of first and third angle projections 

· Sectioning of components

· Free hand sketching of tools, equipment, components, geometric forms and diagrams


	· Oral 

· Written

· Project

Observation

	Apply CAD packages in drawing
	· Meaning and types of CAD e.g.

· Auto CAD

· Archi CAD

· Solid works 

· Inventor 

· Circuit maker

· Electronic work bench

· 2D and 3D drafting techniques


	· Oral 

· Written

· Project

Observation 


Suggested Methods of Instruction 
· Practical demonstration by trainer

· Practice by the trainees

· Trainer facilitation of theory

· View related videos

· Trainer from the industrial sector

· Guided trainee activities to develop underpinning knowledge

· Industrial visits
Recommended Resources

Tools , Equipment Supplies and Materials 

· Personal Computer

· Internet 

· Projector

· Drawing Equipment

· CAD Package

· Operation & Maintenance manuals

· Occupational Health and Safety standards

· Standard operating and/or other workplace procedures manuals

· Specific job procedures manuals

· Organizational or external personnel

· Machine/equipment manufacturer’s specifications and instructions

· Quality standards and procedures
· Appropriate textbooks available on numerous websites
ENGINEERING MATHEMATICS

UNIT CODE: ENG/IA/CC/02/6/A
Relationship to Occupational Standards

This unit addresses the unit of competency: Apply Engineering Mathematics

Duration of Unit: 150 hours
UNIT DESCRIPTION
This unit describes the competencies required by a technician in order to apply engineering mathematics. It involves applying algebra, trigonometry and hyperbolic functions, complex numbers and  coordinate geometry, carrying out binomial expansion, applying calculus, solving ordinary differential equations, carrying out mensuration, applying power series, statistics, numerical methods, vector theory and matrix. 

Summary of Learning Outcomes

1. Apply Algebra
2. Apply Trigonometry and hyperbolic functions
3. Apply complex numbers
4. Apply Coordinate Geometry
5. Carry out Binomial Expansion
6. Apply Calculus
7. Solve Ordinary differential equations
8. Carry out Mensuration 
9. Apply Power Series
10. Apply Statistics
11. Apply Numerical methods
12. Apply Vector theory
13. Apply Matrix
Learning Outcomes, Content and Suggested Assessment Methods

	Learning Outcome
	Content
	Suggested Assessment Methods

	1. Apply Algebra
	· Base and Index

· Law of indices

· Indicial equations 

· Laws of logarithm

· Logarithmic equations

· Conversion of bases

· Use of calculator

· Reduction of equations
· Solution of equations reduced to quadratic form
· Solutions of simultaneous linear equations in three unknowns

Solutions of problems involving AP and GP
	· Oral 

· Written

· Project

Observation

	2. Apply Trigonometry and hyperbolic functions
	· Half -angle formula

· Factor formula

· Trigonometric functions 

· Parametric equations

· Relative and absolute measures

· Measures calculation
· Definition of hyperbolic equations

· Properties of hyperbolic functions

· Evaluations of hyperbolic functions Hyperbolic identities 

· Osborne’s Rule

· Ashx+bshx=C equation  

· One-to-one relationship in functions

· Inverse functions for one-to-one relationship

· Inverse functions for trigonometric functions  

· Graph of inverse functions

· Inverse hyperbolic functions

	· Oral 

· Written

· Project
Observation 

	3. Apply complex numbers
	· Definition of complex numbers

· Stating complex numbers in numbers in terms of conjugate argument and

· Modulus

· Representation of complex numbers on the Argand diagram

· Arithmetic operation of complex numbers Application of De Moivre’s theorem

Application of complex numbers to engineering
	· Oral 

· Written

· Project
Observation

	4. Apply Coordinate Geometry
	· Polar equations

· Cartesian equation

· Graphs of polar equations

· Normal and tangents

· Definition of a point

· Locus of a point in relation to a circle

· Loci of points for given mechanism


	· Oral 

· Written

· Project
Observation

	5. Carry out Binomial Expansion
	· Binomial theorem Power series using binomial theorem Roots of numbers using binomial theorem.

· Estimation of errors of small changes using binomial theorem


	· Oral 

· Written

· Project
Observation

	6. Apply Calculus
	· Definition of derivatives of a function

· Differentiation from fist principle

· Tables of some common derivatives

· Rules of differentiation

· Rate of change and small change

· Stationery points of functions of two variables

· Definition of integration

· Indefinite and definite integral

· Methods of integration application of integration.

· Integrals of hyperbolic and inverse functions


	· Oral 

· Written

· Project
Observation

	7. Solve Ordinary differential equations
	· Types of first order differential equations

· Formation of first order differential equation

· Solution of first order differential equations

· Application of first order differential equations

· Formation of second order differential equations for various systems

· Solution of second order differential equations

· Application of second order differential equations


	· Oral 

· Written

· Project
Observation

	8. Carry out Mensuration 
	· Units of measurements

· Perimeter and areas of regular figures

· Volume of regular solids

· Surface area of regular solids

· Area of irregular figures

· Areas and volumes using Pappus theorem 


	· Oral 

· Written

· Project
Observation

	9. Apply Power Series
	· Definition of the term power series

· Taylor’s Theorem

· Deduction of McLaurin’s Theorem to obtain power series

· Application of Taylor’s Theorem and McLaurin’s Theorems in numerical work


	· Oral 

· Written

· Project
Observation

	10. Apply Statistics
	· Measures of central tendency mean, mode and median

· Measures of dispersion

· Variance and standard deviation
· Definition of probability
· Laws of probability
· Expectation variance and S.D.
· Types of distributions
· Mean, variance and SD of probability distributions
· Application of probability distributions


	· Oral 

· Written

· Project
Observation

	11. Apply Numerical methods
	· Definition of interpolation and extrapolation

· Application of interpolation

· Application of interactive methods to solve equations

· Application of interactive methods to areas and volumes


	· Oral 

· Written

· Project
Observation

	12. Apply Vector theory
	· Vectors and scalar in two and three dimensions

· Operations on vectors: Addition and Subtraction

· Position vectors

· Resolution of vectors


	· Oral 

· Written

· Project
Observation

	13. Apply Matrix methods
	· Matrix operation

· Determinant of 3x3 matrix

· Inverse of 3x3 matrix

· Solution of linear simultaneous equations in 3 unknowns

· Application of matrices


	· Oral 

· Written

· Project
Observation


Suggested Methods of Instruction 
· Practical demonstration by trainer

· Practice by the trainees

· Trainer facilitation of theory

· View related videos

· Trainer from the industrial sector

· Guided trainee activities to develop underpinning knowledge

· Industrial visits
Recommended Resources

Tools, Equipment, Supplies and Materials

· Personal Computer

· Internet 

· Projector

· Scientific Calculator

· Rulers, pencils, erasers

· Charts with presentations of data

· Graph books

· Dice 

· Operation & Maintenance manuals

· Occupational Health and Safety standards

· Standard operating and/or other workplace procedures manuals

· Specific job procedures manuals

· Organizational or external personnel

· Machine/equipment manufacturer’s specifications and instructions

· Quality standards and procedures

· Appropriate textbooks available on numerous websites

PRINCIPLES OF MECHANICAL SCIENCE 

UNIT CODE: ENG/CU/IA/CC/03/6/A
Relationship to Occupational Standards

This unit addresses the unit of competency: Apply Mechanical Science Principles

Duration of Unit: 75 hours
UNIT DESCRIPTION
This unit describes the competencies required by a technician in order to apply a wide range of Mechanical science principles in their work. It involves determining forces in a system, demonstrating knowledge of moments, understanding friction principles and motions in engineering, describing work, energy and power, demonstrating gas principles, applying heat knowledge, density knowledge and pressure principles .
Summary of Learning Outcomes
1. Determine forces in a system 
2. Demonstrate knowledge of moments
3. Understand friction principles
4. Understand motions in engineering
5. Describe work, energy and power
6. Perform machine calculations
7. Demonstrate gas principles
8. Apply heat knowledge
9. Apply density knowledge
10. Apply pressure principles
Learning Outcomes, Content and Suggested Assessment Methods
	Learning Outcome
	Content
	Suggested Assessment Methods

	1. Determine forces in a system


	· Define and describe forces

· Describe forces theorems
·  Parallelogram
·  Triangle
·  Polygon

· Determine resultant of coplanar forces


	· Oral 

· Written

· Project

· Observation



	2. Demonstrate knowledge of moments
	· Define moments

· Calculation of moments of a force

· Describe principles of moments

· Identify couples and applications in engineering systems 


	· Oral 

· Written

· Project

· Observation



	3. Understand friction principles


	· Define Laws of Friction

· Calculation of limiting friction

· Calculation of forces applied at an angle to a horizontal plane

· Calculation of coefficient of friction

· Advantages and disadvantages of friction


	· Oral 

· Written

· Project

· Observation



	4. Understanding motions in engineering


	· Explain motion concepts

· Define Laws of Motion

· Equations of motion calculations
· Application of displacement/time graphs


	· Oral 

· Written

· Project

· Observation



	5. Describe work, energy and power
	· Calculation of work
· Calculation of energy
· Calculation of power

	· Oral 

· Written

· Project

· Observation



	6. Perform machine calculations
	· Solve problems on simple machines
· Machine advantage
· Velocity ratio
· Efficiency
· Other

· Solve problems on levers

· Define Laws of Machines


	· Oral 

· Written

· Project

· Observation



	7. Demonstrate gas principles
	· Define Gas Laws 
· Boyles Law
· Charles Law
· Gas Equation
· Other

· Apply Gas Laws to solve engineering problems

· Explain uses of gases in engineering systems


	· Oral 

· Written

· Project

· Observation



	8. Apply heat knowledge
	· Explain heat concepts

· Define working principle of heat

· Explain heat capacity

· Solve heat problems


	· Oral 

· Written

· Project

· Observation



	9. Apply density knowledge
	· Define Density Terminology 
· Density
· Relative density
· Other
· Measure density

· Solve density problems


	· Oral 

· Written

· Project

· Observation



	10. Apply pressure principles
	· Explain pressure concepts
· Explain working principles of pressure

· Solve pressure problems

· Identify pressure applications
· Vacuum pumps
· Hydraulic pumps
· Hydrometers
· Other


	· Oral 

· Written

· Project

· Observation




Suggested Methods of Instruction 
· Practical demonstration by trainer

· Practice by the trainees

· Trainer facilitation of theory

· View related videos

· Trainer from the industrial sector

· Guided trainee activities to develop underpinning knowledge

· Industrial visits
Recommended Resources

Tools , Equipment Supplies and Materials

· Personal Computer

· Internet 

· Projector

· Scientific Calculator

· Operation & Maintenance manuals

· Occupational Health and Safety standards

· Standard operating and/or other workplace procedures manuals

· Specific job procedures manuals

· Organizational or external personnel

· Machine/equipment manufacturer’s specifications and instructions

· Quality standards and procedures

· Appropriate textbooks available on numerous websites

PRINCIPLES OF ELECTRICAL AND ELECTRONICS 

UNIT CODE:
 ENG/OS/IA/CC/04/6/A
Relationship to Occupational Standards

This unit addresses the unit of competency: Apply Electrical and Electronics Principles

Duration of Unit: 75 hours
UNIT DESCRIPTION
This unit describes the competencies required by an Industrial Automation and Robotics technician in order to apply a wide range of electrical and electronics principle skills in their work. It involves use of the concept of basic electrical quantities, use of the concepts of D.C and A.C circuits in electrical installation, use of basic electrical machines and carrying out power rectification in electrical systems

Summary of Learning Outcomes

1. Use the concept of basic Electrical quantities
2. Use the concepts of D.C and A.C circuits in electrical installations
3. Use of basic electrical machine
4. Carry out power rectification in electrical systems 
Learning Outcomes, Content and Suggested Assessment Methods

	Learning Outcome
	Content
	Suggested Assessment Methods

	1. Use the concept of basic Electrical quantities
	· The meaning of SI unit

· SI unit of various types of Electrical parameters

· Calculations involving various Electrical parameters e.g. Power, Current, Voltage, Resistance

· Instruments used in measuring various types of Electrical parameters


	· Written tests

· Oral questioning

Assignments

	2. Use the concepts of D.C and A.C circuits in electrical installations 
	· Ohm’s law

· Definition of terms 

· Parallel and series circuits

AC and DC network theorems
	· Written tests

· Oral questioning

Assignments

	3. Use of basic electrical machine 
	· Types of Electrical machines

· AC and DC single and three phase motors, generators and Transformers

Application of AC and DC machines
	· Oral questioning

Written tests

	4. Carry out power rectification in electrical systems
	· Power rectification methods

· Half wave rectifiers

· Full wave rectifiers

· Full wave Wheatstone bridge 

· Definition of terms

· Power smooth

· Power training techniques

· Power regulation methods

· Power protection methods and devices

· Switches

· Fuses

Circuit breakers
	· Written tests

· Oral questioning

Assignments


Suggested Methods of Instruction 
· Group discussions

· Demonstration by trainer

· Exercises by trainee

Recommended Resources

Tools, Equipment Supplies and Materials

•
Scientific Calculators

•
Electrical workshop

•
Computers with internet connection

•
Stationeries

•
Relevant practical materials

•
Dice

•
Operation & Maintenance manuals

•
Occupational Health and Safety standards

•
Standard operating and/or other workplace procedures manuals

•
Specific job procedures manuals

•
Organizational or external personnel

•
Machine/equipment manufacturer’s specifications and instructions

•
Quality standards and procedures

•
Appropriate textbooks available on numerous websites

PRINCIPLES OF WORKSHOP TECHNOLOGY 
UNIT CODE: ENG/IA/CC/05/6/A
Relationship to Occupational Standards: 

This unit addresses the unit of competency: Apply Workshop Technology Principles

Duration of Unit: 100 hours

UNIT DESCRIPTION 

This unit describes the competencies required by a technician in order to apply a wide range of workshop technology principles in their work. It involves using technical drawing to plan work operations, choosing appropriate tools and materials, measuring and marking out dimensions on workpieces, using hand tools to cut and file parts, using drills to make holes, threading using taps and dies, producing components using a lathe machine, assembling metal parts and sub-assemblies, polishing finished work, performing housekeeping, inspecting finished work for accuracy and quality and maintaining of tools and equipment.

Summary of Learning Outcomes

1. Use technical drawing to plan work operations
2. Choose appropriate tools and materials

3. Measure and mark out dimensions on workpieces

4. Use hand tools to cut and file parts

5. Use drills to make holes

6. Thread using taps and dies

7. Produce components using a lathe machine

8. Assemble metal parts and sub-assemblies

9. Polish finished work

10. Perform housekeeping

11. Inspect finished work for accuracy and quality

12. Maintenance of tools and equipment
Learning Outcomes, Content and Suggested Assessment Methods

	Learning Outcome
	Content
	Suggested Assessment Methods

	1. Use technical drawing to plan work operations


	· Define Drawing Standards 
· ISO
· BS
· ANSI
· Other
· Read technical drawings and interpret geometric symbols 
· Produce operation plan from technical drawings
· Sequence of operations
· Measuring tools
· Hand tools
· Cutting tools
· Inspection tools
· Produce technical drawings to required standards

	· Oral 

· Written

· Project

Observation 

	2. Choose appropriate tools and materials
	· Select task appropriate working tools, equipment, and material

· Explain appropriate work area cleanliness and preparation

· The role of Organization Policy in the work area


	· Oral 

· Written

· Project

Observation

	3. Measure and mark out dimensions on workpieces
	· Explain types of measuring tools

· Steel rules

· Vernier caliper

· Micrometer screw gauge

· Venier height gauge

· Combination set

· Bevels

· Other

· Describe suitable measuring tools per task

· Inspection and calibration of measuring tools

· Marking dimensions on workpieces


	· Oral 

· Written

· Project

Observation

	4. Use hand tools to cut and file parts
	· Describe types of hand tools

· Files

· Saws

· Hammers 

· Chisels 

· Taps and dies

· Grinders

· Other

· Explain suitable hand tools per task

· Inspection and calibration of hand tools

· Cutting workpieces

· Filing workpieces

· Producing parts to specification

· Dimensions

· Tolerances

· Geometry 

· Surface finish

· Functionality


	· Oral 

· Written

· Project

· Observation



	5. Use drills to make holes
	· Marking and centre-punching hole centres

· Scribers

· Dividers

· Dot punch

· Centre punch

· Engineers square

· Straight edge

· Surface plate

· Other

· Drilling machines vs hand drills

· Selecting and mounting drill bits

· Drilling holes 

· Location

· Counter sinking

· Counter boring

· Reaming

· Boring

· Inspecting hole specifications

· Dimensions

· Tolerances

· Geometry

· Surface finish

· Functionality


	· Oral 

· Written

· Project

· Observation



	6. Thread using taps and dies
	· Describe taps and dies

· Selecting appropriate taps and dies

· Setting up taps and dies

· Threads

· Internal and external threads

· V-profile threads

· Cutting threads to specification

· Dimensions

· Tolerances

· Geometry

· Surface finish

· Functionality


	· Oral 

· Written

· Project

· Observation



	7. Produce components using a lathe machine
	· Explain lathe machines

· Lathe machine operation

· Produce workpieces on lathe to specification

· Dimensions

· Tolerances

· Geometry

· Surface finish

· Functionality


	· Oral 

· Written

· Project

· Observation



	8. Assemble metal parts and sub-assemblies
	· Joining

· Riveting

· Fastening

· Soldering

· Brazing

· Welding

· Workpiece holding devices

· Bench vice

· V-block

· Angle plate

· G-clamp

· Jigs and fixtures

· Hand vice

· Other

· Fitting and assembly procedures

· Final assembly inspection


	· Oral 

· Written

· Project

· Observation



	9. Polish finished work
	· Importance of polishing

· Polishing methods

· Emery cloth

· Polishing and burnishing machine

· Filing

· Other

· Cleaning finished work

· Inspection procedures


	· Oral 

· Written

· Project

· Observation



	10. Perform housekeeping
	· Explain housekeeping and importance

· Waste best practices

· Segregation

· Disposal

· Environmental considerations

· Workplace requirements and guidelines


	· Oral 

· Written

· Project

· Observation



	11. Inspect finished work for accuracy and quality
	· Inspection tools

· Inspection methods

Adjustment methods based on inspection results
	· Oral 

· Written

· Project

· Observation



	12. Maintenance of tools and equipment
	· Importance of tool and equipment maintenance

· Tool and equipment lubrication

· Environmental considerations

· Grinding and sharpening tools

· Identification of tool and equipment faults

· Proper securing and storage of tools and equipment


	· Oral 

· Written

· Project

· Observation




Suggested Methods of Instruction 
· Practical demonstration by trainer

· Practice by the trainees

· Trainer facilitation of theory

· View related videos

· Trainer from the industrial sector

· Guided trainee activities to develop underpinning knowledge

· Industrial visits
Recommended Resources

Tools, Equipment Supplies and Materials

· Welding

· Drilling machines 

· Vices

· Burnishing machine 

· Cutting tools

· Combination square

· Centre punch 

· Centre lathe

· Scribers

· Calipers

· Dies and taps 

· Surface plate 

· V-blocks 

· Dial gauge 

· Die stock

· Engineer’s square

· File card

· Assorted Files

· Clamps

· Tools

· Assorted hand tools

· Hammers 

· Measuring tools

· Drill bits

· Assorted inspection tools and equipment

· Inspection and measuring tools, GO and NOT GO gauges

· Jigs and fixture

· Pliers

· Rotary disc abrasive grinder

· Reamers

· Saw 

· Screwdrivers 

· Spiral lowering

· Tap wrench

· Vacuum cleaners

· V-block

· Workbenches

· Vacuum cleaners

· Mops/ Brooms and buckets

· Firefighting equipment

· First Aid kit

· Drawing papers

· Raw materials

· Mild steel plate

· Sheet metal

· Brass sheets

· Zinc sheets

· Aluminum sheets

· Bright Drawn Mild Steel 

· Carbon steel

· Brass rods

· Aluminum rods 

· Abrasive materials

· Grinding paste

· Cotton wastes

· Cleaning detergents

· Hardhat

· Safety Glasses / Shields

· Hearing Protection

· Respirator / Dust Mask

· Workwear ( e.g. Oil / Chemical / Flame Resistant, Arc-rated, Hi-viz )

· Gloves

· Safety Footwear

· Operation & Maintenance manuals

· Occupational Health and Safety standards

· Standard operating and/or other workplace procedures manuals

· Specific job procedures manuals

· Organizational or external personnel

· Machine/equipment manufacturer’s specifications and instructions

· Quality standards and procedures

· Appropriate textbooks available on numerous websites

PARTICIPATING IN AN INDUSTRY ATTACHMENT

UNIT CODE: ENG/IA/CC/06/6/A
Relationship to Occupational Standards: 

This unit addresses the unit of competency: Participate in an Industry Attachment

Duration of Unit: 480 hours

UNIT DESCRIPTION 

This unit specifies the competencies required to participate in an Industrial attachment.  It involves preparing for the attachment, applying Industrial Automation competencies through industry attachment and preparing industrial attachment report. 

Summary of Learning Outcomes

1. Prepare for Industry Attachment 

2. Apply Industrial Automation Competencies through Industry Attachment 
3. Prepare an Industry Attachment Report

Learning Outcomes, Content and Suggested Assessment Methods 

	Learning Outcome
	Content
	Suggested Assessment Methods

	1. Prepare for Industry Attachment  
	· Research techniques 

· Letters

· Letter of Introduction

· Interview skills
	· Oral 

· Written

· Project

· Observation

	2. Apply Industrial Automation Competencies through Industry Attachment 
	· Industry policies and procedures

· Safety requirements 

· Logbook procedures 
	· Oral 

· Written

· Project

· Observation

	3. Prepare an Industry Attachment Report 
	· Report writing format 

· Industry attachment report
	· Oral 

· Written

· Project

· Observation




Suggested Methods of Instruction 
· Practical demonstration by trainer

· Practice by the trainees

· Trainer facilitation of theory

· View related videos

· Trainer from the industrial sector

· Guided trainee activities to develop underpinning knowledge

· Industrial visits
Recommended Resources

Tools, Equipment Supplies and Materials
· Hardhat
· Safety Glasses / Shields
· Hearing Protection
· Respirator / Dust Mask
· Workwear ( e.g. Oil / Chemical / Flame Resistant, Arc-rated, Hi-viz )
· Gloves
· Safety Footwear
· Operation & Maintenance manuals

· Occupational Health and Safety standards

· Standard operating and/or other workplace procedures manuals

· Specific job procedures manuals

· Organizational or external personnel

· Machine/equipment manufacturer’s specifications and instructions

· Quality standards and procedures
· Appropriate textbooks available on numerous websites
CORE UNITS OF LEARNING

  MECHANICAL SYSTEMS  MAINTAINANCE
UNIT CODE:  ENG/CU/IA/CR/01/6/A

Relationship to Occupational Standards
This unit addresses the unit of competency: Maintain Mechanical Systems     
Duration of Unit: 120 hours
UNIT DESCRIPTION 

This unit identifies the competencies required maintain mechanical systems. It involves interpreting mechanical engineering drawings and technical documents troubleshooting mechanical faults systems, repairing mechanical systems, optimizing manufacturing operations, solving mechanical engineering problems and applying organizational quality standards.

Summary of Learning Outcomes

1. Interpret Mechanical Engineering Drawings and Technical Documents

2. Troubleshoot Mechanical System Faults 
3. Service and /or Repair Mechanical Systems

4.  Optimize Manufacturing Operations
5. Solve Mechanical Engineering Problems
6. Apply Organizational Quality Standard

Learning Outcomes, Content and Suggested Assessment Methods

	Learning Outcome
	Content
	Suggested Assessment Methods

	1. Interpret Mechanical Engineering Drawings and Technical Documents


	· Define Mechanic Engineering Drawing

· Document Interpretation

· Drawings, Takeoff Material, and Dimensions

· General Arrangement

· Installation - Services

· Assembly / Exploded

· Part Detail (Dimensional)

· Specification Comparisons for Requirements Conformity

· Shop Drawings Data Verification


	· Oral 

· Written

· Project

· Observation

	2. Troubleshoot Mechanical System Faults
	· Trouble shooting techniques

·  Identify the symptoms

· Isolate the problem to a particular component

· Test the suspected component

·  Repair or replace the component

Test the system
	· Oral 

· Written

· Project

· Observation

	3. Service and/or Repair Mechanical Systems 
	· Shut-down and Start-up Procedures

· HVAC Systems

· Conveyors

· Milling Machines

· Robots

· Assembly Lines

· Compressed Air Systems

· Problem Diagnosis

· Operations Interviews

· Visual Inspections

· Pressure Gauges

· Temperature Gauges

· Dimensional Measurements

· Vibration Meters

· Flow Meters

· Noise Meters

· Data Loggers

· Oscilloscopes

· Multimeters

· Tachometers

· Historical Data

· Maintenance Records

· Isolation Procedures

· Lockout Tagout 

· Manufacturer’s Requirements

· Workplace Requirements

· Maintenance Schedules

· Oil / Fluid Changes

· Filter Changes

· Environmentally Safe Disposal / Recycling of Oil, Fluid, and Filters

· Equipment Checklists

· Tooling Renewal

 
	· Oral 

· Written

· Project

· Observation

	4. Optimize Manufacturing Operations


	· Operation Verification

· Compressed Air Systems

· Production Volume

· Product Quality

· Energy Use

· Visual Inspections

· Areas of Optimization

· Production Increase

· Product Quality Increase

· Energy Use Reduction

· Consumable Use Reduction

· Environmentally Safe Waste Disposal and Recycling

· Optimization Assessment

· Cost Savings

· Production Volume

· Product Quality

· Optimization Implementation

· Optimization Monitoring

· Cost Savings

· Production Volume

· Product Quality


	· Oral

· Written

· Project

· Observation

	5. Solve Mechanical Engineering Problems
	· Faulty Component Isolation

· Referencing Manufacturer’s Documentation for Methods

· Environmentally Safe Component Cleaning Procedures

· Measuring Components

· Component Failure Mode Effects Analysis (FEA) 

· Root Cause Identification

· Repairing to Manufacturer’s Specifications

· Calibration to Manufacturer’s Specifications


	· Oral 

· Written

· Project

· Observation

	6. Apply Organizational Quality Standards


	· Monitoring Quality as per Company Procedures

· Quality Procedures

· Control Charts

· Check Sheets

· Cause and Effect Diagrams

· Pareto Chart

· Histograms

· Scatter Diagrams


	· Oral

· Written 

· Project

· Observation


Suggested Methods of Instruction 
· Practical demonstration by trainer

· Practice by the trainees

· Trainer facilitation of theory

· View related videos

· Trainer from the industrial sector

· Guided trainee activities to develop underpinning knowledge

· Industrial visits

Recommended Resources

Tools, Equipment Supplies and Materials 

· Digital Multimeter

· Pliers

· Screwdrivers

· Socket Sets

· Allen Wrench Sets

· Diamond Stones

· Tin Snips

· Rare Earth Magnets

· Drafting Set

· Wrenches

· Dial Caliper

· Micrometer Caliper

· Dial Indicator

· Illuminated Bench Magnifier

· Current Clamps

· Vibration Meter

· Tachometer

· CAD System and Plotter

· Thickness Gauges 

· General Purpose Epoxy Adhesive

· Felt Sheets

· Machinists Bluing

· Drawing Velum

· Sample Jars

· Hardhat
· Safety Glasses / Shields
· Hearing Protection
· Respirator / Dust Mask
· Workwear ( e.g. Oil / Chemical / Flame Resistant, Arc-rated, Hi-viz )
· Gloves
· Safety Footwear
· Operation & Maintenance manuals

· Occupational Health and Safety standards

· Standard operating and/or other workplace procedures manuals

· Specific job procedures manuals

· Organizational or external personnel

· Machine/equipment manufacturer’s specifications and instructions

· Quality standards and procedures
· Appropriate textbooks available on numerous websites
COMPONENTS OF AUTOMATION SYSTEM 

UNIT CODE:  ENG/CU/IA/CR/02/6/A

Relationship to Occupational Standards
This unit addresses the unit of competency: Install and Maintain Automation System Components    
Duration of Unit: 144 hours
UNIT DESCRIPTION 

This unit specifies competencies required to install and maintain automation system components. It involves installing automation system components , , calibrating, configuring and testing automation system component, applying environmental heathy and safety standards and developing system standard operating procedure.
Summary of Learning Outcomes

1. Install Automation System Components
2. Calibrate, Configure, and Test Automation System Components

3. Service and /or Repair Automation System Components
4. Apply Environmental Health and Safety Standards
5. Develop System Standard Operating Procedures (SOPs)
Learning Outcomes, Content and Suggested Assessment Methods
	Learning Outcome
	Content 
	Suggested Assessment Methods

	1. Install Automation System Components
	· Define Automation Systems

· Components

· Sensors

· Transmitters

· Actuators

· Controllers

· Annunciators

· Discrete devices

· Power systems

· Electric Motors

· Pneumatics

· Hydraulics

· Heat

· Interconnections

· Mounting systems

· Installation Tools

· Hand Tools

· Handheld Power Tools

· Tube Benders

· Meters

· Installation Considerations

· Temperature

· Lighting

· Vibration

· Cleanliness

· Moisture

· Connectivity

· Wireless

· Data

· Fibre Optic 

· Analog Wired

· Discrete


	· Oral 

· Written 

· Project

· Observation



	2. Calibrate, Configure, and Test Automation System Components
	· Equipment Calibration
· Temperature

· Flow

· Gas

· Pressure

· Electronic

· Other

· Component Configuration

· Design Documentation

· Manufacturer Specifications

· Component Calibration and Testing

· Industry Standards

· Site Practices

· Manufacturer Specifications

· Calibration Documentation

· As Found

· Procedure

· Environmental Conditions

· Test Equipment

· As Left

· Regulatory Documentation


	· Oral 

· Written 

· Project

· Observation



	3. Service and /or Repair Automation System Components


	· Component Maintenance 

· Running Repairs

· Preventative 

· Predicative

· Perform Maintenance

· Site Standards

· Manufacturer Recommendations

· Industry Best Practices

· Requirements Configuration and Calibration

· Site Standards Documentation


	· Oral 

· Written

· Project

Observation

	4. Apply Environmental Health and Safety Standards
	· Personal Protective Equipment

· Hardhat

· Safety Glasses / Shields

· Hearing Protection

· Respirators / Dust Masks

· Workwear

· Gloves

· Safety Footwear

· Other

· Lockout Tagout

· Grounding

· Signage

· Hazard Assessment

· Ergonomic

· Chemical

· Physical

· Biological

· Electrical

· Radiation

· other

· Regulations and Violations

· EHS Documentation


	· Oral

· Written 

· Project

· Observation



	5. Develop System Standard Operating Procedures (SOP’s)
	· Define Standard Operating Procedures (SOP’s)

· Document Control

· Interview Techniques

· Procedure Writing

· Procedure Validation

· Implementation

· System Change Impact Awareness


	· Oral

· Written 

· Project

· Observation




Suggested Methods of Instruction 
· Practical demonstration by trainer

· Practice by the trainees

· Trainer facilitation of theory

· View related videos

· Trainer from the industrial sector

· Guided trainee activities to develop underpinning knowledge

· Industrial visits

Recommended Resources

Tools, Equipment Supplies and Materials 

· Digital Multimeter

· Electrical Toolkit

· Electronic Toolkit

· Network Toolkit

· Wrenches

· Pipe Wrench

· Vice Grips

· Tube Bender / Cutter

· Plastic Tube Cutter

· Electric Drill and Bits

· Hacksaw and Blades

· PLC Modules

· Process Meter

· 4-20 Calibrator

· Pressure Calibrator

· Temperature Calibrator

· 24v DC Source

· Stand-Alone Process Controllers

· Multi-variable Process Control Trainer (e.g. for level, flow rate, pressure, temperature

· and cascade control)

· Digital Chart Recorder

· Network Cable Tester

· Personal Computer with Control Software 

· Tubing

· Wires 

· Cables

· Strain Relief Connectors

· Wire Terminations

· Hose / Fittings

· Tube / Fittings

· CAT5e/CAT6 Cables and Connectors

· Discrete Control Devices

· Pipe and Tube Fittings

· Pipe Sealant

· Electrical Tape

· Terminal Blocks

· Wire/Cable Markers

· Hardhat
· Safety Glasses / Shields
· Hearing Protection
· Respirator / Dust Mask
· Workwear ( e.g. Oil / Chemical / Flame Resistant, Arc-rated, Hi-viz )
· Gloves
· Safety Footwear
· Operation & Maintenance manuals

· Occupational Health and Safety standards

· Standard operating and/or other workplace procedures manuals

· Specific job procedures manuals

· Organizational or external personnel

· Machine/equipment manufacturer’s specifications and instructions

· Quality standards and procedures
· Appropriate textbooks available on numerous websites
DATA COMMUNICATIONS SYSTEMS   

UNIT CODE:  ENG/CU/IA/CR/03/6/A

Relationship to Occupational Standards
This unit addresses the unit of competency: Develop and Maintain Data Communications Systems  
Duration of Unit: 96 hours
UNIT DESCRIPTION 

This unit describes the competencies required to develop Data Communications Systems. It involves interpreting and applying knowledge of data communication systems, designing data communication systems , building data communication systems, interfacing data communication system to the automation system, troubleshooting data communication systems, maintaining data communication systems and preparing data communications systems maintenance report
Summary of Learning Outcomes

1. Interpret and Apply Knowledge of Data Communication Systems 
2. Design Data communication Systems 
3. Build Data Communication Systems 
4. Interface Data Communication System to the Automation System 
5. Troubleshoot Data Communication Systems 
6. Maintain Data Communication Systems

7. Prepare Data Communications Systems Maintenance Report
Learning Outcomes, Content and Suggested Assessment Methods

	Learning Outcome
	Content 
	Suggested Assessment Methods

	1. Interpret and Apply Knowledge of Data Communication Systems 


	· Define Data Communications Systems

· Fundamental Knowledge

· Analog / Digital Signals

· OSI Model

· Communications Protocols

· Networking

· Computer Systems

· System Types

· Wired

· Wireless

· Fibre Optic (FOC)

· Serial, Parallel, Synchronous/Asynchronous

· Mathematical Principles and Concepts

· Nyquist

· CRC Checking

· Hamming Error Codes

· Parity/Non-Parity

· Logs and Decibels


	· Oral

· Written

· Project

· Observation



	2. Design Data Communication Systems
	· Definition of automation system problem to be controlled  

· Selection of software

· Multism

· SCADA software

· KiCAD

· Eagle

· AutoCAD electrical

· Modelling of Circuit diagrams for the system

· Analysis of models and determination of their properties 

· Design of data communication system

· Simulation of data communication system


	· Oral

· Written 

· Project

Observation

	3. Build Data Communication Systems


	· Components

· Media

· UARTS, Modems, Repeaters, Hubs

· Bridges and Switches

· Routers (Wired/Wireless), Access Points

· Construction

· Topologies

· Bus

· Ring

· Star

· Mesh

· Bit rates and Throughput 

· Encoding Schemes

· OSI Layer 2 Addressing and    Access Methods

· OSI Layer 3 Addressing

· Selection of appropriate 

· Components for OSI Layers

· Testing Equipment and Software

· Oscilloscopes

· Protocol Analyzers

· Network Sniffers

· Cable Testers

· Software commands

· Debugging tools/commands


	· Oral

· Written

· Project

· Observation



	4. Interface Data Communication System to the Automation System
	· Media Converters

· Twisted Pair to Coax

· Wired to Fibre Optic

· Wired to Wireless Bridges

· Gateways

· Link Characteristics

· Parallel / Serial
· Unbalanced / Balanced
· Synchronous / Asynchronous
· Baud Rate vs Symbol Rate
· Link Speed

	· Oral 

· Written

· Project

· Observation



	5. Troubleshoot Data Communication Systems

	· Troubleshooting

· Establishing Baselines

· Working with Logs

· Utilizing Communications Systems Testing Equipment and Software to locate faults

· Troubleshooting Documentation


	· Oral 

· Written

· Project

· Observation



	6. Maintain Data Communication Systems


	· Software and Firmware Patch Management

· Importance of Periodic Baseline Analysis

· Log Analysis

· Configuration Backups and Restores

· Maintenance Procedures (SOPs) “Best Practices” Development

· Maintenance Documentation


	· Oral 

· Written

· Project

· Observation



	7. Prepare Data Communications Systems Maintenance Report
	· Maintain Documentation

· Maintenance Procedure

· Maintenance Scheduling

· Maintenance Report
	· Oral 

· Written

· Project

· Observation




Suggested Methods of Instruction 
· Practical demonstration by trainer

· Practice by the trainees

· Trainer facilitation of theory

· View related videos

· Trainer from the industrial sector

· Guided trainee activities to develop underpinning knowledge

· Industrial visits

Recommended Resources

Tools, Equipment Supplies and Materials 

· Digital Multimeter

· Electrical Toolkit

· Electronic Toolkit

· Network Toolkit

· Spectrum Analyzer

· Protocol Analyzer

· Signal Monitoring Hardware/Software

· Logging and Debugging Software

· WireShark

· Modems

· Ethernet Switches with Fibre and Copper ports

· Routers (Wired / Wireless)

· Router WAN Serial Ports

· Computers

· Hubs

· Digital Oscilloscope

· Racks

· Wireless USB Sticks

· CAT5e / CAT6 Cables and RJ45 Connectors

· Coax Wire and BNC Connectors

· Fibre Optic Cable 

· DCE/DTE Cables

· Console Cables

· Hardhat
· Safety Glasses / Shields
· Hearing Protection
· Respirator / Dust Mask
· Workwear ( e.g. Oil / Chemical / Flame Resistant, Arc-rated, Hi-viz )
· Gloves
· Safety Footwear
· Operation & Maintenance manuals

· Occupational Health and Safety standards

· Standard operating and/or other workplace procedures manuals

· Specific job procedures manuals

· Organizational or external personnel

· Machine/equipment manufacturer’s specifications and instructions

· Quality standards and procedures
· Appropriate textbooks available on numerous websites
CONTROL SYSTEMS PROCESSES
UNIT CODE:  ENG/CU/IA/CR/04/6/A

Relationship to Occupational Standards
This unit addresses the unit of competency: Develop and Optimize Process Control Systems
Duration of Unit: 120 hours
UNIT DESCRIPTION
This unit specifies  competencies required to develop and optimize Process Control Systems.it involves designing  process control systems , building process control systems, testing process control systems, optimizing process control systems and maintaining process control systems
Summary of Learning Outcomes

1. Design Process Control Systems 

2. Build Process Control Systems

3. Test Process Control Systems
4. Optimize Process Control Systems

5. Maintain Process Control Systems
Learning Outcomes, Content and Suggested Assessment Methods

	Learning Outcome
	Content
	Suggested Assessment Methods

	1. Design Process Control Systems
	· Define Process Control Systems
· Types of Industrial Processes
· Need for Process Controls
· System Types
· PLCs 
· SCADA
· DCS
· Others
· Systems Design
· Basic Elements 

· Process Control Terms

· Block Diagrams

· Sensor, Controller and Actuator Systems Design

· Design Tools and Equipment

· Design Documentation


	· Oral 

· Written 

· Project

Observation

	2. Build Process Control Systems
	· Process Control Strategies
· ON – OFF 

· Open - loop 

· Feed - forward 

· Closed – loop 

· Proportional, Integral, Derivative (PID) modes

· Industrial Control Equipment 

· Controller Architecture Components

· CPU

· RAM 

· ROM / EPROM

· I/O Ports

· Timer / Counter

· Controller Types

· Controller Characteristics and Limitations 

· Memory

· I/Os

· Power Supply and Redundancy

· Operating Environment 

· Security Features

· Specialized Equipment  

· Programming

· Diagnostic

· Others 
· Control Strategy Implementation

· Pneumatic Controllers

· Electrical Controllers

· Computer Processors

· PLC Processors

· Microcontrollers 

· Software Simulations


	· Oral

· Written 

· Project

· Observation



	3. Test Process Control Systems
	· Preparation and application of test-run checklist

· Diagnostic equipment and instrumentation

· Equipment calibration

· Identification of systems to be tested including:

· oils and lubricants

· starters, emergency stop buttons

· pressure and temperature systems;

· lighting;

· electrical and electronics;

· joints and linkages;

· Diagnostic test standard procedures

· System adjustment and manipulation

· Fault rectification for optimal system performance

Documentation of test result and reporting
	· Oral

· Written 

· Project

Observation

	4. Optimize Process Control Systems
	· Process Control Strategies

· Optimum Controller Parameter Choices 

· Controller Configuration

· Methods and Requirements 

· Configuration Software

· Programming 
· Tuning rules 
· Ziegler-Nichols method
· Others
· Stability and Transient Response 

· Configuration Documentation


	· Oral

· Written 

· Project

Observation

	5. Maintain Process Control Systems
	· Component Maintenance 

· Preventive 

· Corrective

· Predictive

· Other

· Perform Maintenance

· Site Standards

· Manufacturer Recommendations

· Industry Best Practices

· Requirements Configuration and Calibration

· Site Standards Documentation


	· Oral

· Written 

· Project

· Observation


Suggested Methods of Instruction 
· Practical demonstration by trainer

· Practice by the trainees

· Trainer facilitation of theory

· View related videos

· Trainer from the industrial sector

· Guided trainee activities to develop underpinning knowledge

· Industrial visits

Recommended Resources 

Tools, Equipment Supplies and Materials 

· Digital Multimeter

· Electrical Toolkit

· Electronic Toolkit

· Industrial Controllers (e.g. Pneumatic Controllers, Electrical Controllers, Computer Processor, PLC Modules, Microcontrollers)

· Personal Computer with Controller Configuration Software, PLC Programming Software, Software Simulator of Process (e.g. LabVIEW) 

· Digital Oscilloscope

· Variable AC/DC Power Supply

· Compressed-air Supply 

· Signal Generator

· Control and Data Acquisition

· Multi-variable Process Control Trainer (e.g. for Level, Flow Rate, Pressure, Temperature

· and Cascade Control)

· Wiring Cables

· Programming Interface Cables

· Sensors (e.g. level, flow

· Rate, pressure and temperature)

· Actuators (e.g. Electrical, Pneumatic, Hydraulic) 

· Mounting Hardware

· Hardhat
· Safety Glasses / Shields
· Hearing Protection
· Respirator / Dust Mask
· Workwear ( e.g. Oil / Chemical / Flame Resistant, Arc-rated, Hi-viz )
· Gloves
· Safety Footwear
· Operation & Maintenance manuals

· Occupational Health and Safety standards

· Standard operating and/or other workplace procedures manuals

· Specific job procedures manuals

· Organizational or external personnel

· Machine/equipment manufacturer’s specifications and instructions

· Quality standards and procedures
· Appropriate textbooks available on numerous websites
STAND–ALONE CONTROLLERS (SACs)

UNIT CODE:  ENG/CU/IA/CR/05/6/A
Relationship to Occupational Standards
This unit addresses the unit of competency: Install and Maintain Stand–Alone Controllers (SACs)
Duration of Unit: 96 hours
UNIT DESCRIPTION 

This unit specifies competencies required to install and Maintain Stand–Alone Controllers (SACs).it involves installing stand-alone controllers, configuring and testing stand-alone controllers, troubleshooting and repairing stand-alone controllers and servicing and/or repairing stand-alone controllers 
Summary of Learning Outcomes

1. Install Stand-Alone Controllers

2. Configure and test Stand-Alone Controllers

3. Troubleshoot and Repair Stand-Alone Controllers
4. Service and/or Repair Stand-Alone Controllers 
Learning Outcomes, Content and Suggested Assessment Methods
	Learning Outcome
	Content
	Suggested Assessment Methods

	1. Install Stand-Alone Controllers
	· Define Stand-Alone Controllers 

· Fundamentals

· SAC Types
· Small / Medium Plant Applications
· Architecture 
· Built-in Control / Processor

· Memory / Storage

· Analog and Digital I/Os 

· Cards 

· Power Supply

· External Peripherals / Controls

· Installation Procedures

· Installation Specifications

· Drawings 

· Siting / Location

· Tooling 

· Precautions

· Mounting and Enclosure Options
· Peripheral Wiring and Routing

· Communication Systems Setup

· Wiring Inspections and Compliance Verification

· Operational Verification

· Installation Documentation


	· Oral 

· Written 

· Project

Observation

	2. Configure and Test Stand-Alone Controllers
	· Programming (Online / Offline)

· Sensor Calibration

· Controller Tuning

· Plant Operation Testing

· Controller Isolation / Make-safe Procedures

· Commissioning

· Inspection

· Plant operation 

· Configuration Documentation


	· Oral

· Written

· Project

Observation

	3. Troubleshoot and Repair Stand-Alone Controllers
	· Troubleshooting Procedures

· Visual Checks and Testing 

· Error Codes and Status Lights 

· Manuals 

· Controller Isolation / Make-safe Procedures 

· Controller and External Peripherals Replacements 

· Controller and Peripherals Servicing Requirements 

· Controller Firmware Updates

· Programming 

· Calibrations 

· Controller Tuning 

· Plant Operation Testing

· Repair and Backup Documentation


	· Oral

· Written

· Project

Observation

	4. Service and/or Repair Stand-Alone Controllers
	· Visual Checks and Testing 

· Mounting and Enclosure

· Wiring Connections 

· Controller Unit Operation

· External Peripherals Operation 

· Communication Systems

· Controller Isolation / Make-safe Procedures 

· Controller and External Peripherals Replacements

· Controller and Peripherals Servicing Requirements 

· Controller Firmware Updates

· Programming 

· Calibrations 

· Controller Tuning 

· Plant Operation Testing

· Maintenance Documentation


	· Oral

· Written

· Project

Observation


Suggested Methods of Instruction 
· Practical demonstration by trainer

· Practice by the trainees

· Trainer facilitation of theory

· View related videos

· Trainer from the industrial sector

· Guided trainee activities to develop underpinning knowledge

· Industrial visits

Recommended Resources 

Tools, Equipment Supplies and Materials 

· Digital Multimeter

· Electrical Toolkit

· Electronic Toolkit

· Network Toolkit

· Stand-Alone Controllers (SACs)

· Digital Oscilloscope

· Variable AC/DC Power Supply

· Control and Data Acquisition

· Signal Generator

· Wiring Cables

· Sensors (e.g. level, flow rate, pressure and temperature)

· Actuators (e.g. Electrical, Pneumatic, Hydraulic) 

· Mounting Hardware

· Controller Enclosures

· Hardhat
· Safety Glasses / Shields
· Hearing Protection
· Respirator / Dust Mask
· Workwear ( e.g. Oil / Chemical / Flame Resistant, Arc-rated, Hi-viz )
· Gloves
· Safety Footwear
· Operation & Maintenance manuals

· Occupational Health and Safety standards

· Standard operating and/or other workplace procedures manuals

· Specific job procedures manuals

· Organizational or external personnel

· Machine/equipment manufacturer’s specifications and instructions

· Quality standards and procedures
· Appropriate textbooks available on numerous websites
ROBOTIC SYSTEMS

UNIT CODE:  ENG/CU/IA/CR/06/6/A

Relationship to Occupational Standards
This unit addresses the unit of competency: Install and Maintain Robotic Systems    
Duration of Unit: 96 hours
UNIT DESCRIPTION 

This unit describes the competencies required to install and maintain robotic systems. It involves  analysing  manufacturing processes for automation, installing  robotic systems equipment, configuring and testing robotic systems equipment inspecting robotic systems installation, troubleshooting robotic systems equipment, servicing and /or repairing robotic systems equipment  and preparing robotic systems installation and/or maintenance reports 
Summary of Learning Outcomes
1. Analyze Manufacturing Processes for Automation

2. Install Robotic Systems Equipment 

3. Configure and Test Robotic Systems Equipment 

4. Inspect Robotic Systems Installation
5. Troubleshoot Robotic Systems Equipment
6. Service and /or Repair Robotic Systems Equipment 

7. Prepare Robotic Systems Installation and/or Maintenance Reports 
Learning Outcomes, Content and Suggested Assessment Methods

	Learning Outcome
	Content
	Suggested Assessment Methods

	1. Analyze Manufacturing Processes for Automation

	· Define Robotic Systems

· Industrial Robots Fundamentals

· Essential Characteristics

· Common Applications

· Manufacturing Processes

· Safety Risks

· Robot Safety Features

· Automating Manufacturing Processes Robotic Systems

· Tasks Performed

· Operational Speeds

· Operation Environments

· Hazardous Materials

· Length of Reach 

· Path of Travel

· Process Variables

· Human Involvement

· Controller Capability

· Failure Consequences

· Robotic Systems Types

· Human Dependent

· Autonomous

· Semi-autonomous

· Stationary vs Mobile Robots

· Robotic System Components

· Control Systems

· Base, Arm, Link, Wrist, Wiring, Column, Supports

· Manipulator Components

· End Effectors

· Sensors

· Other Components

· Microcontrollers

· Operator Controls

· Drive Systems 

· Motors 

· Servos

· Steppers

· Geared

· Actuators 

· Pneumatic

· Hydraulic 

· Electric 

Accessories 
	· Oral

· Written 

· Project

Observation

	Install Robotic Systems Equipment 
	· Performance Capabilities 

· Degrees of Freedom (DOF)

· Work Envelope 

· Kinematics

· Carrying Capacity

· Speed 

· Acceleration 

· Accuracy 

· Installation Inspection 

· Damaged Components

· Incomplete Installations

· Equipment Footprint

· Floor

· Supports

· Moving Area

· Assembly

· Mounting Equipment / Components 

· Interconnections

· Cabling

· Safety Peripherals

· Tooling 

· Testing Interconnections

· Components

· Safety Peripherals

· Connections

·  Tooling 


	· Oral

· Written 

· Project

Observation

	Configure and Test Robotic Systems Equipment 
	· Programming Languages

· C++

· Python

· AVR studio

· Programming Methods

· Guiding / Lead Through

· Teach Pendant

· Off-line Simulation

· Programming Functions

· World Modelling

· Path Generation

· Sensing

· Programming Support

· Programming Environment 

· Programming Activities 

· Testing Movement and Cycle

· Functional Accuracy

· Components

· Operator Controls 

· Safety Peripherals

· Tooling Functionality

· Burn-in Process

· Back-up and Restore Procedures

· Configuration Documentation


	· Oral 

· Written

· Project

Observation

	Inspect Robotic Systems Installation
	· Robotic system 

· Quality

· Serviceability

· Safety

· Modularity

· Dexterity 

· Automation Manufacturing Processes 

· Inspection Procedures

· Results Analysis

· Verification Documentation


	· Oral 

· Written 

· Project

Observation

	Troubleshoot Robotic Systems Equipment
	· Troubleshooting

· Inspections

· Diagnostics

· Programming 

· Testing Movement and Cycle 

· Solution Implementation 


	· Oral

· Written 

· Project

Observation

	2. Service and /or Repair Robotic Systems Equipment

	· Assembly

· Operation

· Routine Maintenance

· Diagnostics

· Software and Firmware

· Programming 

· Testing Movement and Cycle 

· Back-up and Restore Procedures

· Maintenance Documentation


	· Oral 

· Written

· Project

Observation

	Prepare Robotic Systems Installation and/or Maintenance Reports
	· Report writing format 

· Installation report

· Maintenance report


	· Oral 

· Written

· Project

· Observation




Suggested Methods of Instruction 
· Practical demonstration by trainer

· Practice by the trainees

· Trainer facilitation of theory

· View related videos

· Trainer from the industrial sector

· Guided trainee activities to develop underpinning knowledge

· Industrial visits

Recommended Resources 

Tools, Equipment Supplies and Materials 

· Digital Multimeter

· Electrical Toolkit

· Electronic Toolkit

· Controllers

· Operator Controls

· Personal Computer with Robot Programming and Simulation Software

· Robotic Base, Arm, Link, Wrist, Wiring, Column, Supports

· End Effectors 

· Robot Accessories

· Digital Oscilloscope

· Variable AC/DC Power Supply

· Compressed-air Supply 

· Robotic Trainer

· Wiring Cables

· Programming Interface Cables

· Sensors

· Drive Systems

· Motors (e.g. servo, stepper, geared)

· Actuators (e.g. pneumatic, hydraulic, electric systems)

· Mounting Hardware

· Hardhat
· Safety Glasses / Shields
· Hearing Protection
· Respirator / Dust Mask
· Workwear ( e.g. Oil / Chemical / Flame Resistant, Arc-rated, Hi-viz )
· Gloves
· Safety Footwear
· Operation & Maintenance manuals

· Occupational Health and Safety standards

· Standard operating and/or other workplace procedures manuals

· Specific job procedures manuals

· Organizational or external personnel

· Machine/equipment manufacturer’s specifications and instructions

· Quality standards and procedures
· Appropriate textbooks available on numerous websites
PROGRAMMABLE LOGIC CONTROLLERS (PLCs)

UNIT CODE:  ENG/CU/IA/CR/07/6/A
Relationship to Occupational Standards
This unit addresses the unit of competency: Install and Maintain Programmable Logic Controllers (PLCs)

Duration of Unit: 192 hours
UNIT DESCRIPTION 

This unit describes the competencies required to Install and Maintain Programmable Logic Controllers (PLCs). It involves installing, configuring, servicing and or repairing Programmable Logic Controller (PLCs) and preparing PLCs installation and or maintaining reports.
Summary of Learning Outcomes

1.   Install Programmable Logic Controllers (PLCs)
2.   Configure and Test PLCs
3.   Service and /or Repair PLCs
4.   Troubleshoot and Repair PLCs

5.   Prepare PLCs Installation and/or Maintenance Reports
Learning Outcomes, Content and Suggested Assessment Methods

	Learning Outcome
	Content
	Suggested Assessment Methods

	1. Install Programmable Logic Controllers (PLCs)


	· Define PLCs

· System Types
· Mitsubishi

· Siemens

· Moeller

· Eaton

· Internal Architecture
· CPU

· Memories

· I/O Channels

· Buses

· Capabilities 
· Mimic Diagrams
· Alarm Condition
· Latch System
· Programming Languages

· Ladder Logic Diagrams 

· Functional Block Diagrams 

· Sequential Function Charts 

· Instruction List 

· Structured text program 

· Scripts

· Environmental conditions 

· Heat 

· Cleanliness 

· Contaminants

· PLC and Component Selection Considerations

· Printers

· Network Cards

· Program Interface 

· Installation

· Power Supply 

· Locations 

· PLC Mounting

· PLC, I/Os Wiring and Termination

· Backup and Restore Procedures
Installation Documentation
	· Oral 

· Written 

· Project

Observation 

	2. Configure and Test PLCs
	· Programming 
· Language

· Program

· Specialized equipment

· Computer and Software

· Handheld Programming Unit

· Video Programming Unit / System Programming Unit

· Graphic Programmable Unit (Visual Display Unit)

· Diagnostic Tools 

· Program Writing 

· Configuration Parameters and Process Limitations 
· Configuration Procedures

· System Shut-down 

· Testing

· Results Interpretation

· Return to Service

· Program Testing

	· Oral 

· Written

· Project

Observation

	3. Service and/or Repair PLCs  
	· PLC Computer Applications
· Communication Systems
· Wired
· Wireless
· Software Reports and Documentation Interpretation
· Maintenance
· Tools

· Procedures

· Systems Shut-down and Start-up

· Disable or Bypass I/Os

· Software and Firmware Upgrade
· Program Modifications 
· Removing and Re-installing PLC Modules and Components
· Replacing Batteries, Fans, and Environmental Filters 
· Environmentally Safe Battery Disposal/Recycling

· Backup and Restore Procedures
· Maintenance Documentation

	· Oral 

· Written 

· Project

· Observation



	4. Troubleshoot and Repair PLCs
	· PLC Computer Applications
· Communication Systems
· Wired
· Wireless
· Software Reports and Documentation Interpretation
· Diagnosis
· Tools

· Procedures

· Systems Shut-down and Start-up

· Disable or Bypass I/Os 
· Removing and Re-installing PLC Modules and Components
· Diagnosis Documentation 

	· Oral 

· Written 

· Project

· Observation



	5. Prepare PLCs Installation and/or Maintenance Reports
	· Report writing format 

· Installation report

Maintenance report
	· Oral 

· Written

· Project

Observation


Suggested Methods of Instruction 
· Practical demonstration by trainer

· Practice by the trainees

· Trainer facilitation of theory

· View related videos

· Trainer from the industrial sector

· Guided trainee activities to develop underpinning knowledge

· Industrial visits

Recommended Resources 

Tools, Equipment Supplies and Materials 

· Digital Multimeter

· Electrical Toolkit

· Electronic Toolkit

· PLC Modules

· Personal Computer with PLC Programming Software

· Digital Oscilloscope

· Variable AC/DC Power Supply

· Compressed-air Supply 

· Wiring Cables

· Programming Interface Cables

· Sensors 

· Actuators (e.g. Electrical, Pneumatic, Hydraulic) 

· Mounting Hardware

· Patch Board

· Hardhat
· Safety Glasses / Shields
· Hearing Protection
· Respirator / Dust Mask
· Workwear ( e.g. Oil / Chemical / Flame Resistant, Arc-rated, Hi-viz )
· Gloves
· Safety Footwear
· Operation & Maintenance manuals

· Occupational Health and Safety standards

· Standard operating and/or other workplace procedures manuals

· Specific job procedures manuals

· Organizational or external personnel

· Machine/equipment manufacturer’s specifications and instructions

· Quality standards and procedures
· Appropriate textbooks available on numerous websites
HUMAN MACHINE INTERFACES (HMIs)

UNIT CODE:  ENG/CU/IA/CR/08/6/A
Relationship to Occupational Standards
This unit addresses the unit of competency: Install and Maintain Human Machine Interfaces (HMIs)
Duration of Unit: 72 hours
UNIT DESCRIPTION 

This unit specifies competencies required to Install and Maintain Human Machine Interfaces (HMIs). It involves  installing, configuring, testing, servicing and or repairing and troubleshooting Human Machine Interfaces (HMIs).  
Summary of Learning Outcomes
1. Install Human Machine Interfaces (HMIs)

2. Configure and Test HMIs

3. Service and /or Repair HMIs

4. Troubleshoot and Repair HMIs

Learning Outcomes, Content and Suggested Assessment Methods 

	Learning Outcome
	Content
	Suggested Assessment Methods

	1. Install Human Machine Interfaces (HMIs) 
	· Define Human Machine Interfaces (HMIs)

· Fundamentals

· Data types

· Use 

· Operating Conditions

· Components 

· Hardware

· Software

· Installation Procedures

· Hardware

· Software 

· Communication Systems

· Testing 

· Installation Documentation


	· Oral 

· Written 

· Project

Observation

	2. Configure and Test HMIs 
	· Software Installation

· Data Type and Addressing Scheme Configuration

· Programming

· Communication Configuration

· Validation and Commissioning 

· Configuration Documentation


	· Oral 

· Written 

· Project

Observation

	3. Service and/or Repair HMIs 
	· Visual Inspection and Testing

· Hardware

· Communication Links

· Connections 

· Software and Firmware Updates 

· Communications Configuration

· Configuration Validation 

· Maintenance Documentation


	· Oral 

· Written 

· Project

Observation

	4. Troubleshoot and Repair HMIs
	· Faults Diagnosis and Troubleshooting

· Hardware

· Software 

· Communication Links

· Connections 

· Communication Configuration

· Configuration Validation 

· Diagnosis and Repair Documentation


	· Oral 

· Written 

· Project

Observation


Suggested Methods of Instruction 
· Practical demonstration by trainer

· Practice by the trainees

· Trainer facilitation of theory

· View related videos

· Trainer from the industrial sector

· Guided trainee activities to develop underpinning knowledge

· Industrial visits

Recommended Resources 

Tools, Equipment Supplies and Materials 

· Digital Multimeter

· Electrical Toolkit

· Electronic Toolkit

· Network Toolkit

· Human Machine Interface (HMIs)

· Personal Computer with HMI Software 

· Hardhat
· Safety Glasses / Shields
· Hearing Protection
· Respirator / Dust Mask
· Workwear ( e.g. Oil / Chemical / Flame Resistant, Arc-rated, Hi-viz )
· Gloves
· Safety Footwear
· Operation & Maintenance manuals

· Occupational Health and Safety standards

· Standard operating and/or other workplace procedures manuals

· Specific job procedures manuals

· Organizational or external personnel

· Machine/equipment manufacturer’s specifications and instructions

· Quality standards and procedures
· Appropriate textbooks available on numerous websites

SUPERVISORY CONTROL AND DATA ACQUISITION (SCADA)

UNIT CODE:  ENG/CU/IA/CR/09/6/A

Relationship to Occupational Standards
This unit addresses the unit of competency: Install and Maintain Supervisory Control and Data Acquisition (SCADA)
Duration of Unit: 96 hours
UNIT DESCRIPTION 

This unit specifies  competencies required to install and maintain Supervisory Control and Data Acquisition Systems (SCADA). It involves installing , configuring  and testing , servicing and /or repairing and troubleshooting SCADA Systems .
Summary of Learning Outcomes
1. Install SCADA Systems 

2. Configure and Test SCADA Systems 

3. Service and /or Repair SCADA Systems 

4. Troubleshoot and Repair SCADA Systems 

Learning Outcomes, Content and Suggested Assessment Methods

	Learning Outcome
	Content
	Suggested Assessment Methods

	1. Install SCADA Systems 
	· Define SCADA Systems

· Fundamentals

· Architecture Development

· Process Plant Monitoring and Control Applications

· Components

· Computer / Server 

· Human Machine Interfaces (HMIs)

· Programmable Logic Controllers (PLCs)

· PID controllers

· Remote Telemetry/Terminal Unit (RTUs) 

· Networked Communication Systems 

· Power Supply 

· Alarms 

· etc 

· System Design

· Hardware Installation Considerations

· Assembly

· Equipment / Components

· Wiring and Network

· Testing

· Installation Documentation


	· Oral 

· Written 

· Project

Observation

	2. Configure and Test SCADA Systems 
	· System Functions / Operation

· Data Acquisition

· Networked Data Communication

· Data Presentation

· Control 

· Software Environment

· Programming 

· Sequential Control

· Definition 

· Elements 

· Feedback Control Operation

· Data Acquisition

· Definition

· Types 

· Security / Access Control

· Definition 

· Objectives 

· Attack Vulnerability

· Commissioning 

· Start-up and Shut-down 

· Log-in and Log-out 

· Backup and Restore Procedures

· Configuration Documentation


	· Oral 

· Written 

· Project

Observation

	3. Service and/or Repair SCADA Systems 
	· System Operation

· Care and handling on the run

· System Performance Reports

· Planned / Corrective Maintenance Procedures 

· Shut-down and Start-up 

· Equipment / Component Cleaning

· Equipment / Component Visual Inspections

· Equipment / Component Functional Inspections

· Equipment / Component Operating Parameter Testing and Measurement

· Voltages

· Currents 

· Frequencies

· I/Os

· Levels 

· Noise

· Fault Repair

· Enhancements and Upgrades 

· Software

· Database

· Control Strategy

· GUI

· etc

· Spare Parts Inventory Management

· Backup and Restore Procedures

· Maintenance Documentation


	· Oral

· Written

· Project

Observation

	4. Troubleshoot and Repair SCADA Systems  
	· Troubleshooting Malfunctions

· Repair Procedures 

· Shut-down and Start-up 

· Equipment / Component Cleaning

· Equipment / Component Visual Inspections

· Equipment / Component Functional Inspections

· Equipment / Component Operating Parameter Testing and Measurement

· Voltages

· Currents 

· Frequencies

· I/Os

· Levels 

· Noise

· Fault repair

· Spare Parts Inventory Management

· Backup and Restore Procedures

· Repair Documentation


	· Oral

· Written

· Project

Observation


Suggested Methods of Instruction 
· Practical demonstration by trainer

· Practice by the trainees

· Trainer facilitation of theory

· View related videos

· Trainer from the industrial sector

· Guided trainee activities to develop underpinning knowledge

· Industrial visits

Recommended Resources 

Tools, Equipment Supplies and Materials 
· Digital Multimeter

· Electrical Toolkit

· Electronic Toolkit

· Digital Oscilloscope

· Variable AC/DC Power Supply

· Compressed-air Supply 

· Personal Computer with SCADA, PLC, HMI software 

· SCADA Computer / Server 

· Human Machine Interface (HMIs)

· Programmable Logic Controllers (PLCs)

· PID Controllers

· Remote Telemetry/Terminal Unit (RTUs) 

· Network Equipment 

· Alarms

· SCADA Trainer

· Wiring Cables

· Programming Interface Cables

· Sensors 

· Drive Systems

· Motors (e.g. servo, stepper, geared)

· Actuators (e.g. pneumatic, hydraulic, electric systems)

· Mounting Hardware

· Hardhat
· Safety Glasses / Shields
· Hearing Protection
· Respirator / Dust Mask
· Workwear ( e.g. Oil / Chemical / Flame Resistant, Arc-rated, Hi-viz )
· Gloves
· Safety Footwear
· Operation & Maintenance manuals

· Occupational Health and Safety standards

· Standard operating and/or other workplace procedures manuals

· Specific job procedures manuals

· Organizational or external personnel

· Machine/equipment manufacturer’s specifications and instructions

· Quality standards and procedures
· Appropriate textbooks available on numerous websites
DISTRIBUTED CONTROL SYSTEMS (DCSs)

UNIT CODE:  ENG/CU/IA/CR/10/6/A
Relationship to Occupational Standards
This unit addresses the unit of competency: Install and Maintain Distributed Control Systems (DCSs)

Duration of Unit: 96 hours
UNIT DESCRIPTION 

This unit specifies competencies required to install and maintain Distributed Control Systems (DCSs). it involves installing, configuring and testing DCSs servicing and/or repairing, troubleshooting  and repairing  DCSs and preparing DCSs installation and/or maintaining reports.

Summary of Learning Outcomes
1. Install Distributed Control Systems (DCSs)  

2. Configure and Test DCSs

3. Service and/or Repair DCSs

4. Troubleshoot and Repair DCSs

5. Prepare DCSs Installation and/or Maintenance Reports
Learning Outcomes, Content and Suggested Assessment Methods
	Learning Outcome
	Content
	Suggested Assessment Methods

	1. Install Distributed Control Systems (DCSs)  
	· Define Distributed Control Systems (DCSs)  
· Fundamentals

· The DCS Environment

· Sensors

· Instrumentation

· Process Control Systems 

· DCS, PLC and SCADA Comparisons

· Applications 

· Components and Architecture

· Supervisory Controller

· Distributed Controller

· Operating Station / HMI

· Communication Media and Protocol

· I/O Modules

· Power Supply 

· Accessories

· Alarms 

· Printers 

· System interface

· Redundancy Concepts

· Communication Systems

· Standards

· Fieldbus, Profibus, Modbus

· Proprietary languages

· Component Installation 

· Siting / Location

· Mounting

· Wiring 

· Networking

· Testing

· Installation Documentation


	· Oral 

· Written 

· Project
· Observation

	2. Configure and Test DCSs 
	· Hardware Configuration

· Software Configuration

· Process Variables, Software Variables, Tags

·  Human Machine Interface (HMI)

· Alarms, Trends

· Databases 

· Security Levels

· Operation

· Plant Mimic and Animation

· Operator Station

· HMIs

· Alarms

· Recorders, Loggers, Trend Displays, and Data Archiving

Configuration Documentation
	· Oral 

· Written 

· Project

Observation

	3. Service and/or Repair DCSs 
	· Maintenance Considerations

· System and Components Maintenance Requirements

· Control Loop Calibration Procedures

Maintenance Documentation
	· Oral 

· Written 

· Project

Observation

	4. Troubleshoot and Repair DCSs
	· Troubleshooting Methods

· Identifying Failures, Malfunctions, and Faults 

· Diagnostics 

· DCS Modules and Programs (code)

· DCS Internal Variables and Bits

· Communication faults

· Diagnosis Documentation


	· Oral 

· Written 

· Project

Observation

	5. Prepare a Report for DCSs Installation and/or Maintenance Report
	· Report writing format 

· Installation report

Maintenance report
	· Oral 

· Written

· Project

· Observation




Suggested Methods of Instruction
· Practical demonstration by trainer

· Practice by the trainees

· Trainer facilitation of theory

· View related videos

· Trainer from the industrial sector

· Guided trainee activities to develop underpinning knowledge

· Industrial visits

Recommended Resources 

Tools, Equipment Supplies and Materials 

Recommended Resources

· Digital Multimeter

· Electrical Toolkit

· Electronic Toolkit

· Network Toolkit

· Human Machine Interface (HMIs)

· Personal Computer with DCS and HMI Software 

· DCS

· Network Switches

· Wiring Cables

· Networking Cables

· Hardhat
· Safety Glasses / Shields
· Hearing Protection
· Respirator / Dust Mask
· Workwear ( e.g. Oil / Chemical / Flame Resistant, Arc-rated, Hi-viz )
· Gloves
· Safety Footwear
· Operation & Maintenance manuals

· Occupational Health and Safety standards

· Standard operating and/or other workplace procedures manuals

· Specific job procedures manuals

· Organizational or external personnel

· Machine/equipment manufacturer’s specifications and instructions

· Quality standards and procedures
· Appropriate textbooks available on numerous websites
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