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RECOMMENDATION BY THE PROGRAM ADVISORY COMMITTEE

PORTAGE LAKES JOINT VOCATIONAL SCHOOL DISTRICT

Welding

The advisory committee for the Welding program at Portage Lakes Career Center has reviewed this
course of study and recommends it for use as the foundation for instruction in classroom and laboratory
experiences.  The developers of the course of study have considered local labor market needs and the
school district’s ability to offer specialized programs.

The competencies found in the scope and sequence for this program have been reviewed and modified
as congruent with Ohio Department of Education competencies, the district’s philosophy and student
assessment measures.  Additional competencies related to the field may have been incorporated.

We believe that this course of study adequately and correctly focuses on the development of the
knowledge, skills, attitudes, and values critical to successful employment in the multiple career fields
available to students.

The Welding program advisory committee recommended this for approval in November 2022.





DISTRICT PHILOSOPHY

PORTAGE LAKES JOINT VOCATIONAL SCHOOL DISTRICT

The Board of Education of the Portage Lakes Joint Vocational School District believes in maintaining a
stimulating educational environment that is conducive to providing the highest quality career-technical
skill training and meeting the intellectual pursuits of each individual student.  The objective of the
district’s educational philosophy is to prepare each person to be a responsible and productive member
of our democratic society.

In the application of this philosophy, the Board of Education believes the instructional program should be
designed to provide the student every available opportunity to further develop the skills, interests,
abilities, and attitudes acquired by that person in earlier school years.  It is the opinion of the Board of
Education that constant attention must be given to appropriately expanding career-technical programs
and academic courses, updating classroom equipment, and ensuring the instructor’s knowledge in
academic and career-technical trends.

The Board of Education adheres to the principle that what is considered valuable and appropriate
learning be determined within the scope of state law and the prerogative of the citizens of the
community working in conjunction with members of the Board.

Instructional techniques will be employed which prepare a student to be gainfully employed in a
program field and/or enrolled in an institution of higher education.  The student will be taught to have
respect for the discipline of work and to practice appropriate personal safety measures.

The Board of Education believes that by following the district philosophy, students will take pride in
personal achievement and proper conduct and will believe that education is an ongoing process that
continues throughout one's lifetime.



DISTRICT GOALS

CURRICULUM AND INSTRUCTION
To ensure that curriculum and instruction meet student needs, the district will:

·         continually update courses of study to reflect state of the art competencies
·         provide for the use of current technology to aide instructional delivery
·         utilize state and national best practices in the curriculum and instruction process

PROFESSIONAL GROWTH/STAFF MORALE/ADMINISTRATIVE SUPERVISION
To promote staff and administrative involvement in the educational process, the district will:

·         assist staff in developing individual professional goals
·         provide opportunities to improve staff morale
·         provide opportunities for professional development through in-service activities

PUBLIC RELATIONS AND COMMUNICATIONS
To promote a positive image of the career center and the value of career-technical training, the district
will:

·         strengthen communication with advisory committees
·         expand and improve communication with home school districts and other contiguous

districts
·         review and expand recruitment activities
·         be sensitive to enrollment issues and program expansion

FINANCE
To develop long-range fiscal planning, the district will:

·         maximize state and local funding resources
·         research alternate funding sources, including grants
·         continue to improve operational methods to allow for increased efficiency

FACILITIES AND GROUNDS
To maintain a sound physical plant, the district will:

·         review and evaluate preventative maintenance
·         develop a long-range maintenance replacement plan
·         update program equipment to meet program and labor market needs



PROGRAM PHILOSOPHY

Welding

The program believes that students participating in a manufacturing program will have the skills to meet
the new demands and challenges in our nation’s economy.  The Welding program will focus on multiple
skills that meet industry and post-secondary educational standards.  Skills will include competencies
developed at both a state and national level.

The Welding program is aligned with Ohio Department of Education program competencies and
guidelines.  This arrangement provides a seamless pathway for secondary, post-secondary, and
occupational experiences.  Students experience a core of mathematics, science, communication, and
technology competencies.  These experiences can lead to opportunities for post-secondary education
enrollment with multiple opportunities.

Students in the Welding program will receive training in today’s newest technologies and receive the
academic foundation they need to meet post-secondary educational and future workforce needs.

PROGRAM GOALS

Welding

The goals of the Welding Program are the following:

·         develop competencies in academic skill areas of mathematics, science, communications,
career planning, and technology

·         develop competencies in materials identification and use, estimating, blueprints and
drawings, schematics, welding symbols, safety regulations, emergency response,
government regulations, MIG, TIG, stick, flux core, and other welding, utilization of
common industry tools, machines, and materials

·         develop employability and entrepreneurial competencies
·         develop teamwork, problem solving, leadership, and citizenship skills
·         develop acceptable attitudes, behaviors, and work habits for success in a global economy



PROGRAM STANDARDS

Portage Lakes Career Center’s Welding program follows the Ohio Department of Education’s (ODE)

approved Engineering, Science, and Manufacturing Technologies Career Field Technical Content

Standards located via the link below and referred to in the forthcoming Scope and Sequence for the

courses specifically chosen in the Welding program.

ODE updated the Engineering, Science, and Manufacturing Technologies Career Field Technical Course

Content Standards in 2018.

Engineering, Science, and Manufacturing Technologies Career Field Technical Course Content Standards

https://education.ohio.gov/getattachment/Topics/Career-Tech/Manufacturing-Technologies-Career-Field/engineering-and-manufacturing-standards.pdf.aspx?lang=en-US


SCOPE AND SEQUENCE
Manufacturing Technologies Career Field

Gas Metal Arc Welding
Subject Code: 176000

Outcome & Competency Descriptions

Course Description
Students will use the Gas Metal Arc Welding process (GMAW) to safely join various types of metal. They
will cut metals using oxy-fuel processes and perform multiple types of welds and joints in all positions,
up to and including overhead. They will select the appropriate type of electrode wire and shielding gas,
and they will adjust welding equipment based on the physical characteristics and metal properties.
Students will apply quality control factors to evaluate weld quality.

Strand 1.  Business Operations/21st Century Skills
Learners apply principles of economics, business management, marketing and employability in an
entrepreneur, manager and employee role to the leadership, planning, developing and analyzing of
business enterprises related to the career field.

Outcome 1.1.  Employability Skills: Develop career awareness and employability skills (e.g. face-to-face,
online) needed for gaining and maintaining employment in diverse business settings.

Competencies
1.1.1.   Identify the knowledge, skills and abilities necessary to succeed in careers.
1.1.2.   Identify the scope of career opportunities and the requirements for education, training,
certification, licensure and experience.
1.1.5.   Develop strategies for self-promotion in the hiring process (e.g. filling out job applications,
résumé writing, interviewing skills, portfolio development).
1.1.6.   Explain the importance of work ethic, accountability and responsibility and demonstrate
associated behaviors in fulfilling personal, community and workplace roles.
1.1.7.   Apply problem-solving and critical-thinking skills to work-related issues when making decisions
and formulating solutions.
1.1.8.   Identify the correlation between emotions, behavior and appearance and manage those to
establish and maintain professionalism.
1.1.9.   Give and receive constructive feedback to improve work habits.
1.1.10. Adapt personal coping skills to adjust to taxing workplace demands.
1.1.11. Recognize different cultural beliefs and practices in the workplace and demonstrate respect for
them.
1.1.12. Identify healthy lifestyles that reduce the risk of chronic disease, unsafe habits and abusive
behavior.

Strand 4.   Materials Joining
Learners apply principles of physics and metallurgy to join materials and test joints. Knowledge and skills
may be applied to arc welding processes, non-arc welding processes, testing and inspection and thermal
cutting.

Outcome 4.1. Physics of Welding: Apply the physics of arc welding to the process of joining metal.

Competencies



4.1.1.   Explain how the welding arc produces a weld.
4.1.2.   Identify the factors that affect heat transfer.
4.1.3.   Identify the factors that affect melting.
4.1.4.   Describe the effects of arc length and shielding gasses on the arc.
4.1.5.   Identify key variables that determine the type of metal transfers.
4.1.6.   Identify how metal transfers in different welding processes (i.e. short circuit, globular, spray
transfer, pulsed spray transfer).
4.1.7.   Explain the characteristics of different transfer modes (i.e. short circuit, globular, spray transfer,
pulsed spray transfer).
4.1.8.   Describe the relationship between wire feed speed and welding current.
4.1.9.   Describe pulsed arc transfer mode.
4.1.10. Describe the effects of wire size on deposition rate and current ranges.
4.1.11. Identify the characteristics of a stable arc, arc voltage and arc length.
4.1.12. Describe the relationship of current and voltage as it applies to constant voltage power sources.
4.1.13. Explain conditions when arc blow occurs and how to reduce arc blow.
4.1.14. Describe how polarity affects the arc welding process.
4.1.16. Compare transformers, rectifiers and inverters in relation to the arc welding process.

Outcome 4.2. Metallurgy of Welding: Apply the metallurgy of welding to the processes of joining metal.

Competencies
4.2.1.   Explain phases of matter and phase changes during solidification.
4.2.2.   Explain how the common crystal structure in metallic materials affects welds.
4.2.3.   Explain point, line and surface imperfection in metal crystal structure.
4.2.4.   Explain the types of weld imperfections and indicate their effects on material properties.
4.2.5.   Explain grain boundaries.
4.2.6.   Explain allotropic phase changes as a function of temperature.
4.2.7.   Explain the production of ferrous and nonferrous alloys.
4.2.9.   Explain how the constituent structure of eutectoid steel changes when it is slowly cooled from
austenite to pearlite and when it is rapidly cooled from austenite to martensite.
4.2.11. Identify the phases present in the two-phase pro-eutectoid ferrite region.
4.2.12. Explain transformation strengthening, deformation strengthening and precipitation
strengthening.

Outcome 4.3. Arc Welding Processes: Perform types of welds in the six positions using arc welding
processes.

Competencies
4.3.1.   Identify types of ferrous and nonferrous materials to be joined.
4.3.2.   Select the types of weld required for product specifications.
4.3.3.   Explain electrode and filler metal classification systems and procedures for handling and storing.
4.3.4.   Select an arc welding process based on product specifications.
4.3.6.   Join materials using the gas metal arc welding (GMAW) process.
4.3.7.   Join materials using the flux core arc welding (FCAW) process.

Outcome 4.5. Testing and Inspection: Test and inspect joints and weld structures.

Competencies



4.5.1.   Identify the factors considered in weld quality.
4.5.2.   Conduct a visual defect examination.
4.5.3.   Conduct destructive weldment testing.
4.5.4.   Conduct dye penetrant examination.
4.5.5.   Conduct radiographic examination.
4.5.6.   Conduct eddy current examination.
4.5.7.   Analyze weld structure test results to determine weld quality.
4.5.8.   Describe emerging non-destructive examination processes related to quality testing.

Outcome 4.6. Cutting Processes: Cut materials using cutting processes.

Competencies
4.6.1. Identify types of materials to be cut.
4.6.2.   Identify the characteristics of the cut (e.g. bevels, miters, angles) and finish (e.g. machined, grind,
rolled).
4.6.3.   Select a cutting process based on product specifications.
4.6.4.   Cut metals using the plasma arc cutting (PAC) process.
4.6.5.   Cut and gouge metals using the air carbon arc (CAC-A) process.
4.6.6.   Cut metals using manual and machine-guided oxy-fuel processes.
4.6.7.   Cut metals using advanced cutting systems (e.g. plasma computer-aided controls, computer
numeric controls [CNC], laser).

Strand 5.   Pre-Engineering: Design and Development
Learners apply principles of design and development related to the design process, sketching and
visualization, modeling, drafting, materials and production and process design.

Outcome 5.2. Sketching, Drawing, and Visualization: Conceptualize, sketch and draw design projects
and components.

Competencies
5.2.1.   Compare technical sketching and drawing.
5.2.2.   Sketch possible solutions to an existing design problem.
5.2.3.   Apply tolerancing techniques when dimensioning.
5.2.4.   Apply annotations on sketches and drawings.
5.2.5.   Create sketches using integration sketching techniques and styles.
5.2.6.   Apply coordinate systems (e.g. absolute, relative, user, cylindrical, Cartesian).
5.2.7.   Sketch geometric forms and shapes.
5.2.8.   Describe geometric constraints (e.g. geometric dimension and tolerancing [GD&T], run out,
location, and form).
5.2.9.   Select a view to graphically communicate a design solution.

Strand 6.   Precision and Advanced Machining
Learners apply principles of precision machining to measuring work pieces, drawing interpretation,
inspection, bench work and layout, power saws, drilling machines, lathes and turning machines, milling
machines and grinding machines.

Outcome 6.1. Measurement and Interpretation: Interpret drawings and documentation and perform
measurements.



Competencies
6.1.1.   Identify measuring tools and gradations used in precision machining and their purposes.
6.1.2.   Identify typical measurements in precision machining (e.g. angles, diameter, hardness).
6.1.3.   Identify measuring systems and convert between systems.
6.1.4.   Identify information and symbols provided in drawings and specifications.
6.1.5.   Measure and inspect work pieces according to product specifications.

Strand 7.   Industrial Maintenance and Safety
Learners apply principles of protection, prevention and mitigation to create and maintain safe working
conditions at manufacturing sites. Knowledge and skills may be applied in all aspects of personal and site
safety, including handling materials, using tools and equipment, working with and around electricity and
using personal protective equipment.

Outcome 7.1. Site Safety: Handle materials, prevent accidents and mitigate hazards.

Competencies
7.1.1.   Use Occupational Safety and Health Administration (OSHA)-defined procedures for identifying
employer and employee responsibilities, working in confined spaces, managing worker safety programs,
using ground fault circuit interrupters (GFCIs), maintaining clearance and boundaries and labeling.
7.1.2.   Identify and rectify or mitigate hazards associated with walking surfaces, working surfaces and
lighting.
7.1.6.   Identify sources of electrical and mechanical hazards and use shut-down and established lock
out/tag-out procedures.
7.1.7.   Identify and eliminate worksite clutter in accordance with standards for cleanliness and safety.
7.1.8.   Identify procedures for the handling, storage and disposal of hazardous materials.
7.1.9.   Identify the location of emergency flush showers, eyewash fountains, Safety Data Sheets (SDSs),
fire alarms and exits.
7.1.10. Select and operate fire extinguishers based on the class of fire.
7.1.11. Identify the components of a hazardous materials safety plan.
7.1.12. Create a hazardous materials safety plan.
7.1.13. Set up for ergonomic workflow.
7.1.14. Describe the interactions of incompatible substances when measuring and mixing chemicals.

Outcome 7.2. Personal Safety: Practice personal safety.

Competencies
7.2.1.   Interpret personal safety rights according to the employee Right to Know plan.
7.2.2.   Describe how working under the influence of drugs and alcohol increases the risk of accident,
lowers productivity, raises insurance costs and reduces profits.
7.2.3.   Select, use, store, maintain and dispose of personal protective equipment (PPE) appropriate to
job tasks, conditions and materials.
7.2.4.   Identify workplace risk factors associated with lifting, operating and moving heavy objects and
establish an ergonomics process.
7.2.5.   Identify, inspect and use safety equipment appropriate for a task.
7.2.6.   Use safe practices when working with electrical, mechanical or other equipment.
7.2.8.   Safely operate manual, electrical-powered and pneumatic tools.



Manufacturing Technologies Career Field
Shielded Metal Arc Welding

Subject Code: 176001
Outcome & Competency Descriptions

Course Description
Students will be able to use the Shielded Metal Arc Welding process (SMAW) to safely join various types
of metal. They will perform multiple types of welds and joints in all positions, up to and including
overhead. They will select the appropriate type of electrode and adjust welding equipment based on the
physical characteristics and properties of the metal. Students will apply quality control factors to
evaluate the quality of welds.

Strand 1.   Business Operations/21st Century Skills
Learners apply principles of economics, business management, marketing and employability in an
entrepreneur, manager and employee role to the leadership, planning, developing and analyzing of
business enterprises related to the career field.

Outcome 1.1.  Employability Skills: Develop career awareness and employability skills (e.g. face-to-face,
online) needed for gaining and maintaining employment in diverse business settings.

Competencies
1.1.1.   Identify the knowledge, skills and abilities necessary to succeed in careers.
1.1.2.   Identify the scope of career opportunities and the requirements for education, training,
certification, licensure and experience.
1.1.5.   Develop strategies for self-promotion in the hiring process (e.g. filling out job applications,
résumé writing, interviewing skills, portfolio development).
1.1.6.   Explain the importance of work ethic, accountability and responsibility and demonstrate
associated behaviors in fulfilling personal, community and workplace roles.
1.1.7.   Apply problem-solving and critical-thinking skills to work-related issues when making decisions
and formulating solutions.
1.1.8.   Identify the correlation between emotions, behavior and appearance and manage those to
establish and maintain professionalism.
1.1.9.   Give and receive constructive feedback to improve work habits.
1.1.10. Adapt personal coping skills to adjust to taxing workplace demands.
1.1.11. Recognize different cultural beliefs and practices in the workplace and demonstrate respect for
them.
1.1.12. Identify healthy lifestyles that reduce the risk of chronic disease, unsafe habits and abusive
behavior.

Strand 4.   Materials Joining
Learners apply principles of physics and metallurgy to join materials and test joints. Knowledge and skills
may be applied to arc welding processes, non-arc welding processes, testing and inspection and thermal
cutting.

Outcome 4.1. Physics of Welding: Apply the physics of arc welding to the process of joining metal.

Competencies
4.1.1.   Explain how the welding arc produces a weld.



4.1.2.   Identify the factors that affect heat transfer.
4.1.3.   Identify the factors that affect melting.
4.1.4.   Describe the effects of arc length and shielding gasses on the arc.
4.1.10. Describe the effects of wire size on deposition rate and current ranges.
4.1.11. Identify the characteristics of a stable arc, arc voltage and arc length.
4.1.12. Describe the relationship of current and voltage as it applies to constant voltage power sources.
4.1.13. Explain conditions when arc blow occurs and how to reduce arc blow.
4.1.14. Describe how polarity affects the arc welding process.
4.1.16. Compare transformers, rectifiers and inverters in relation to the arc welding process.

Outcome 4.2. Metallurgy of Welding: Apply the metallurgy of welding to the processes of joining metal.

Competencies
4.2.1.   Explain phases of matter and phase changes during solidification.
4.2.2.   Explain how the common crystal structure in metallic materials affects welds.
4.2.3.   Explain point, line and surface imperfection in metal crystal structure.
4.2.4.   Explain the types of weld imperfections and indicate their effects on material properties.
4.2.5.   Explain grain boundaries.
4.2.6.   Explain allotropic phase changes as a function of temperature.
4.2.7.   Explain the production of ferrous and nonferrous alloys.
4.2.9.   Explain how the constituent structure of eutectoid steel changes when it is slowly cooled from
austenite to pearlite and when it is rapidly cooled from austenite to martensite.
4.2.11. Identify the phases present in the two-phase pro-eutectoid ferrite region.
4.2.12. Explain transformation strengthening, deformation strengthening and precipitation
strengthening.

Outcome 4.3. Arc Welding Processes: Perform types of welds in the six positions using arc welding
processes.

Competencies
4.3.1.   Identify types of ferrous and nonferrous materials to be joined.
4.3.2.   Select the types of weld required for product specifications.
4.3.3.   Explain electrode and filler metal classification systems and procedures for handling and storing.
4.3.4.   Select an arc welding process based on product specifications.
4.3.5.   Join materials using the shielded metal arc welding (SMAW) process.

Outcome 4.5. Testing and Inspection: Test and inspect joints and weld structures.

Competencies
4.5.1.   Identify the factors considered in weld quality.
4.5.2.   Conduct a visual defect examination.
4.5.3.   Conduct destructive weldment testing.
4.5.4.   Conduct dye penetrant examination.
4.5.5.   Conduct radiographic examination.
4.5.6.   Conduct eddy current examination.
4.5.7.   Analyze weld structure test results to determine weld quality.
4.5.8.   Describe emerging non-destructive examination processes related to quality testing.



Outcome 4.6. Cutting Processes: Cut materials using cutting processes.

Competencies
4.6.1.   Identify types of materials (ferrous and nonferrous) to be cut.
4.6.2.   Identify the characteristics of the cut (e.g. bevels, miters, angles) and finish (e.g. machined, grind,
rolled).
4.6.3.   Select a cutting process based on product specifications.
4.6.4.   Cut metals using the plasma arc cutting (PAC) process.
4.6.5.   Cut and gouge metals using the air carbon arc (CAC-A) process.
4.6.6.   Cut metals using manual and machine-guided oxy-fuel processes.
4.6.7.   Cut metals using advanced cutting systems (e.g. plasma computer-aided controls, computer
numeric controls [CNC], laser).

Strand 5.   Pre-Engineering: Design and Development
Learners apply principles of design and development related to the design process, sketching and
visualization, modeling, drafting, materials and production and process design.

Outcome 5.2. Sketching, Drawing, and Visualization: Conceptualize, sketch and draw design projects
and components.

Competencies
5.2.1.   Compare technical sketching and drawing.
5.2.2.   Sketch possible solutions to an existing design problem.
5.2.3.   Apply tolerancing techniques when dimensioning.
5.2.4.   Apply annotations on sketches and drawings.
5.2.5.   Create sketches using integration sketching techniques and styles.
5.2.6.   Apply coordinate systems (e.g. absolute, relative, user, cylindrical, Cartesian).
5.2.7.   Sketch geometric forms and shapes.
5.2.8.   Describe geometric constraints (e.g. geometric dimension and tolerancing [GD&T], run out,
location, and form).
5.2.9.   Select a view to graphically communicate a design solution.

Strand 6.  Precision and Advanced Machining
Learners apply principles of precision machining to measuring work pieces, drawing interpretation,
inspection, bench work and layout, power saws, drilling machines, lathes and turning machines, milling
machines and grinding machines.

Outcome 6.1. Measurement and Interpretation: Interpret drawings and documentation and perform
measurements.

Competencies
6.1.1.   Identify measuring tools and gradations used in precision machining and their purposes.
6.1.2.   Identify typical measurements in precision machining (e.g. angles, diameter, hardness).
6.1.3.   Identify measuring systems and convert between systems.
6.1.4.   Identify information and symbols provided in drawings and specifications.
6.1.5.   Measure and inspect work pieces according to product specifications.

Strand 7.   Industrial Maintenance and Safety



Learners apply principles of protection, prevention and mitigation to create and maintain safe working
conditions at manufacturing sites. Knowledge and skills may be applied in all aspects of personal and site
safety, including handling materials, using tools and equipment, working with and around electricity and
using personal protective equipment.

Outcome 7.1. Site Safety: Handle materials, prevent accidents and mitigate hazards.

Competencies
7.1.1.   Use Occupational Safety and Health Administration (OSHA)-defined procedures for identifying
employer and employee responsibilities, working in confined spaces, managing worker safety programs,
using ground fault circuit interrupters (GFCIs), maintaining clearance and boundaries and labeling.
7.1.2.   Identify and rectify or mitigate hazards associated with walking surfaces, working surfaces and
lighting.
7.1.6.   Identify sources of electrical and mechanical hazards and use shut-down and established lock
out/tag-out procedures.
7.1.7.   Identify and eliminate worksite clutter in accordance with standards for cleanliness and safety.
7.1.8.   Identify procedures for the handling, storage and disposal of hazardous materials.
7.1.9.   Identify the location of emergency flush showers, eyewash fountains, Safety Data Sheets (SDSs),
fire alarms and exits.
7.1.10. Select and operate fire extinguishers based on the class of fire.
7.1.11. Identify the components of a hazardous materials safety plan.
7.1.12. Create a hazardous materials safety plan.
7.1.13. Set up for ergonomic workflow.
7.1.14. Describe the interactions of incompatible substances when measuring and mixing chemicals.

Outcome 7.2. Personal Safety: Practice personal safety.

Competencies
7.2.1.   Interpret personal safety rights according to the employee Right to Know plan.
7.2.2.   Describe how working under the influence of drugs and alcohol increases the risk of accident,
lowers productivity, raises insurance costs and reduces profits.
7.2.3.   Select, use, store, maintain and dispose of personal protective equipment (PPE) appropriate to
job tasks, conditions and materials.
7.2.4.   Identify workplace risk factors associated with lifting, operating and moving heavy objects and
establish an ergonomics process.
7.2.5.   Identify, inspect and use safety equipment appropriate for a task.
7.2.6.   Use safe practices when working with electrical, mechanical, or other equipment.
7.2.7.   Create and distribute training materials.
7.2.8.   Safely operate manual, electrical-powered and pneumatic tools.



Manufacturing Technologies Career Field
Flux Cored Arc Welding
Subject Code: 176002

Outcome & Competency Descriptions

Course Description
Students will be able to use the Flux Cored Arc Welding process (FCAW) to safely join various types of
metal. They will perform multiple types of welds and joints in all positions up to and including overhead.
They will select the appropriate type of cored electrode wire and adjust welding equipment based on the
physical characteristics and properties of the metal. Students will apply quality control factors to
evaluate the quality of welds.

Strand 1.   Business Operations/21st Century Skills
Learners apply principles of economics, business management, marketing and employability in an
entrepreneur, manager and employee role to the leadership, planning, developing and analyzing of
business enterprises related to the career field.

Outcome 1.1.  Employability Skills: Develop career awareness and employability skills (e.g. face-to-face,
online) needed for gaining and maintaining employment in diverse business settings.

Competencies
1.1.1.   Identify the knowledge, skills and abilities necessary to succeed in careers.
1.1.2.   Identify the scope of career opportunities and the requirements for education, training,
certification, licensure and experience.
1.1.5.   Develop strategies for self-promotion in the hiring process (e.g. filling out job applications,
résumé writing, interviewing skills, portfolio development).
1.1.6.   Explain the importance of work ethic, accountability and responsibility and demonstrate
associated behaviors in fulfilling personal, community and workplace roles.
1.1.7.   Apply problem-solving and critical-thinking skills to work-related issues when making decisions
and formulating solutions.
1.1.8.   Identify the correlation between emotions, behavior and appearance and manage those to
establish and maintain professionalism.
1.1.9.   Give and receive constructive feedback to improve work habits.
1.1.10. Adapt personal coping skills to adjust to taxing workplace demands.
1.1.11. Recognize different cultural beliefs and practices in the workplace and demonstrate respect for
them.
1.1.12. Identify healthy lifestyles that reduce the risk of chronic disease, unsafe habits and abusive
behavior.

Strand 4.   Materials Joining
Learners apply principles of physics and metallurgy to join materials and test joints. Knowledge and skills
may be applied to arc welding processes, non-arc welding processes, testing and inspection and thermal
cutting.

Outcome 4.1. Physics of Welding: Apply the physics of arc welding to the process of joining metal.

Competencies
4.1.1.   Explain how the welding arc produces a weld.



4.1.2.   Identify the factors that affect heat transfer.
4.1.3.   Identify the factors that affect melting.
4.1.4.   Describe the effects of arc length and shielding gasses on the arc.
4.1.5.   Identify key variables that determine the type of metal transfers.
4.1.6.   Identify how metal transfers in different welding processes (e.g. short circuit, globular, spray
transfer, pulsed spray transfer).
4.1.7.   Explain the characteristics of different transfer modes (e.g. short circuit, globular, spray transfer,
pulsed spray transfer).
4.1.8. Describe the relationship between wire feed speed, current and voltage.
4.1.10. Describe the effects of wire size on deposition rate and current ranges.
4.1.11. Identify the characteristics of a stable arc, arc voltage and arc length.
4.1.12. Describe the relationship of current and voltage as it applies to constant voltage power sources.
4.1.13. Explain conditions when arc blow occurs and how to reduce arc blow.
4.1.14. Describe how polarity affects the arc welding process.
4.1.16. Compare transformers, rectifiers and inverters in relation to the arc welding process.

Outcome 4.2. Metallurgy of Welding: Apply the metallurgy of welding to the processes of joining metal.

Competencies
4.2.1.   Explain phases of matter and phase changes during solidification.
4.2.2.   Explain how the common crystal structure in metallic materials affects welds.
4.2.3.   Explain point, line and surface imperfection in metal crystal structure.
4.2.4.   Explain the types of weld imperfections and indicate their effects on material properties.
4.2.5.   Explain grain boundaries.
4.2.6.   Explain allotropic phase changes as a function of temperature.
4.2.7.   Explain the production of ferrous and nonferrous alloys.
4.2.9.   Explain how the constituent structure of eutectoid steel changes when it is slowly cooled from
austenite to pearlite and when it is rapidly cooled from austenite to martensite.
4.2.11. Identify the phases present in the two-phase pro-eutectoid ferrite region.
4.2.12. Explain transformation strengthening, deformation strengthening and precipitation
strengthening.

Outcome 4.3. Arc Welding Processes: Perform types of welds in the six positions using arc welding
processes.

Competencies
4.3.1.   Identify types of ferrous and nonferrous materials to be joined.
4.3.2.   Select the types of weld required for product specifications.
4.3.3.   Explain electrode and filler metal classification systems and procedures for handling and storing.
4.3.4.   Select an arc welding process based on product specifications.
4.3.7.   Join materials using the flux cored arc welding (FCAW) process.
4.3.9.   Join materials using the gas tungsten arc welding (GTAW) process.

Outcome 4.5. Testing and Inspection: Test and inspect joints and weld structures.

Competencies
4.5.1.   Identify the factors considered in weld quality.
4.5.2.   Conduct a visual defect examination.



4.5.3.   Conduct destructive weldment testing.
4.5.4.   Conduct dye penetrant examination.
4.5.5.   Conduct radiographic examination.
4.5.6.   Conduct eddy current examination.
4.5.7.   Analyze weld structure test results to determine weld quality.
4.5.8.   Describe emerging non-destructive examination processes related to quality testing.

Outcome 4.6. Cutting Processes: Cut materials using cutting processes.

Competencies
4.6.1.   Identify types of materials to be cut.
4.6.2.   Identify the characteristics of the cut (e.g. bevels, miters, angles) and finish (e.g. machined, grind,
rolled).
4.6.3.   Select a cutting process based on product specifications.
4.6.4.   Cut metals using the plasma arc cutting (PAC) process.
4.6.5.   Cut and gouge metals using the air carbon arc (CAC-A) process.
4.6.6.   Cut metals using manual and machine-guided oxy-fuel processes.
4.6.7.   Cut metals using advanced cutting systems (e.g. plasma computer-aided controls, computer
numeric controls [CNC], laser).

Strand 5.   Pre-Engineering: Design and Development
Learners apply principles of design and development related to the design process, sketching and
visualization, modeling, drafting, materials and production and process design.

Outcome 5.2. Sketching, Drawing, and Visualization: Conceptualize, sketch and draw design projects
and components.

Competencies
5.2.1.   Compare technical sketching and drawing.
5.2.2.   Sketch possible solutions to an existing design problem.
5.2.3.   Apply tolerancing techniques when dimensioning.
5.2.4.   Apply annotations on sketches and drawings.
5.2.5.   Create sketches using integration sketching techniques and styles.
5.2.6.   Apply coordinate systems (e.g. absolute, relative, user, cylindrical, Cartesian).
5.2.7.   Sketch geometric forms and shapes.
5.2.8.   Describe geometric constraints (e.g. geometric dimension and tolerancing [GD&T], run out,
location, and form).
5.2.9.   Select a view to graphically communicate a design solution.

Strand 6.     Precision and Advanced Machining
Learners apply principles of precision machining to measuring work pieces, drawing interpretation,
inspection, bench work and layout, power saws, drilling machines, lathes and turning machines, milling
machines and grinding machines.

Outcome 6.1. Measurement and Interpretation: Interpret drawings and documentation and perform
measurements.

Competencies



6.1.1.   Identify measuring tools and gradations used in precision machining and their purposes.
6.1.2.   Identify typical measurements in precision machining (e.g. angles, diameter, hardness).
6.1.3.   Identify measuring systems and convert between systems.
6.1.4.   Identify information and symbols provided in drawings and specifications.
6.1.5.   Measure and inspect work pieces according to product specifications.

Strand 7.   Industrial Maintenance and Safety
Learners apply principles of protection, prevention and mitigation to create and maintain safe working
conditions at manufacturing sites. Knowledge and skills may be applied in all aspects of personal and site
safety, including handling materials, using tools and equipment, working with and around electricity and
using personal protective equipment.

Outcome 7.1. Site Safety: Handle materials, prevent accidents and mitigate hazards.

Competencies
7.1.1.   Use Occupational Safety and Health Administration (OSHA)-defined procedures for identifying
employer and employee responsibilities, working in confined spaces, managing worker safety programs,
using ground fault circuit interrupters (GFCIs), maintaining clearance and boundaries and labeling.
7.1.2.   Identify and rectify or mitigate hazards associated with walking surfaces, working surfaces and
lighting.
7.1.6.   Identify sources of electrical and mechanical hazards and use shut-down and established lock
out/tag-out procedures.
7.1.7.   Identify and eliminate worksite clutter in accordance with standards for cleanliness and safety.
7.1.8.   Identify procedures for the handling, storage and disposal of hazardous materials.
7.1.9.   Identify the location of emergency flush showers, eyewash fountains, Safety Data Sheets (SDSs),
fire alarms and exits.
7.1.10. Select and operate fire extinguishers based on the class of fire.
7.1.11. Identify the components of a hazardous materials safety plan.
7.1.12. Create a hazardous materials safety plan.
7.1.13. Set up for ergonomic workflow.
7.1.14. Describe the interactions of incompatible substances when measuring and mixing chemicals.

Outcome 7.2. Personal Safety: Practice personal safety.

Competencies
7.2.1.   Interpret personal safety rights according to the employee Right to Know plan.
7.2.2.   Describe how working under the influence of drugs and alcohol increases the risk of accident,
lowers productivity, raises insurance costs and reduces profits.
7.2.3.   Select, use, store, maintain and dispose of personal protective equipment (PPE) appropriate to
job tasks, conditions and materials.
7.2.4.   Identify workplace risk factors associated with lifting, operating and moving heavy objects and
establish an ergonomics process.
7.2.5.   Identify, inspect and use safety equipment appropriate for a task.
7.2.6.   Use safe practices when working with electrical, mechanical, or other equipment.
7.2.8.   Safely operate manual, electrical-powered and pneumatic tools.



Manufacturing Technologies Career Field
Gas Tungsten Arc Welding

Subject Code: 176003
Outcome & Competency Descriptions

Course Description
Students will use the Gas Tungsten Arc Welding process (GTAW) to safely join various types of metal.
They will perform multiple types of welds and joints in all positions, up to and including overhead. They
will select the appropriate type of electrode, filler metal and shielding gas. They will be able to adjust
welding equipment based on the physical characteristics and properties of the metal. Students will apply
quality control factors to evaluate weld quality.

Strand 1.  Business Operations/21st Century Skills
Learners apply principles of economics, business management, marketing and employability in an
entrepreneur, manager and employee role to the leadership, planning, developing and analyzing of
business enterprises related to the career field.

Outcome 1.1.  Employability Skills: Develop career awareness and employability skills (e.g. face-to-face,
online) needed for gaining and maintaining employment in diverse business settings.

Competencies
1.1.1.   Identify the knowledge, skills and abilities necessary to succeed in careers.
1.1.2.   Identify the scope of career opportunities and the requirements for education, training,
certification, licensure and experience.
1.1.5.   Develop strategies for self-promotion in the hiring process (e.g. filling out job applications,
résumé writing, interviewing skills, portfolio development).
1.1.6.   Explain the importance of work ethic, accountability and responsibility and demonstrate
associated behaviors in fulfilling personal, community and workplace roles.
1.1.7.   Apply problem-solving and critical-thinking skills to work-related issues when making decisions
and formulating solutions.
1.1.8.   Identify the correlation between emotions, behavior and appearance and manage those to
establish and maintain professionalism.
1.1.9.   Give and receive constructive feedback to improve work habits.
1.1.10. Adapt personal coping skills to adjust to taxing workplace demands.
1.1.11. Recognize different cultural beliefs and practices in the workplace and demonstrate respect for
them.
1.1.12. Identify healthy lifestyles that reduce the risk of chronic disease, unsafe habits and abusive
behavior.

Strand 4.  Materials Joining
Learners apply principles of physics and metallurgy to join materials and test joints. Knowledge and skills
may be applied to arc welding processes, non-arc welding processes, testing and inspection and thermal
cutting.

Outcome 4.1. Physics of Welding: Apply the physics of arc welding to the process of joining metal.

Competencies
4.1.1.   Explain how the welding arc produces a weld.



4.1.2.   Identify the factors that affect heat transfer.
4.1.3.   Identify the factors that affect melting.
4.1.4.   Describe the effects of arc length and shielding gasses on the arc.
4.1.9.   Describe types of transfer modes.
4.1.10. Describe the effects of wire size on deposition rate and current ranges.
4.1.11. Identify the characteristics of a stable arc, arc voltage and arc length.
4.1.12. Describe the relationship of current and voltage as it applies to constant voltage power sources.
4.1.13. Explain conditions when arc blow occurs and how to reduce arc blow.
4.1.14. Describe how polarity affects the arc welding process.
4.1.15. Explain the effects of high frequency when welding aluminum with the gas tungsten arc welding
(GTAW) process.
4.1.16. Compare transformers, rectifiers and inverters in relation to the arc welding process.

Outcome 4.2. Metallurgy of Welding: Apply the metallurgy of welding to the processes of joining metal.

Competencies
4.2.1.   Explain phases of matter and phase changes during solidification.
4.2.2.   Explain how the common crystal structure in metallic materials affects welds.
4.2.3.   Explain point, line and surface imperfection in metal crystal structure.
4.2.4.   Explain the types of weld imperfections and indicate their effects on material properties.
4.2.5.   Explain grain boundaries.
4.2.6.   Explain allotropic phase changes as a function of temperature.
4.2.7.   Explain the production of ferrous and nonferrous alloys.
4.2.9.   Explain how the constituent structure of eutectoid steel changes when it is slowly cooled from
austenite to pearlite and when it is rapidly cooled from austenite to martensite.
4.2.11. Identify the phases present in the two-phase pro-eutectoid ferrite region.
4.2.12. Explain transformation strengthening, deformation strengthening and precipitation
strengthening.

Outcome 4.3. Arc Welding Processes: Perform types of welds in the six positions using arc welding
processes.

Competencies
4.3.1.   Identify types of ferrous and nonferrous materials to be joined.
4.3.2.   Select the types of weld required for product specifications.
4.3.3.   Explain electrode and filler metal classification systems and procedures for handling and storing.
4.3.4.   Select an arc welding process based on product specifications.
4.3.8.   Join materials using the submerged arc welding (SAW) process.
4.3.9.   Join materials using the gas tungsten arc welding (GTAW) process.

Outcome 4.5. Testing and Inspection: Test and inspect joints and weld structures.

Competencies
4.5.1.   Identify the factors considered in weld quality.
4.5.2.   Conduct a visual defect examination.
4.5.3.   Conduct destructive weldment testing.
4.5.4.   Conduct dye penetrant examination.
4.5.5.   Conduct radiographic examination.



4.5.6.   Conduct eddy current examination.
4.5.7.   Analyze weld structure test results to determine weld quality.
4.5.8.   Describe emerging non-destructive examination processes related to quality testing.

Strand 5.   Pre-Engineering: Design and Development
Learners apply principles of design and development related to the design process, sketching and
visualization, modeling, drafting, materials and production and process design.

Outcome 5.2. Sketching, Drawing, and Visualization: Conceptualize, sketch and draw design projects
and components.

Competencies
5.2.1.   Compare technical sketching and drawing.
5.2.2.   Sketch possible solutions to an existing design problem.
5.2.3.   Apply tolerancing techniques when dimensioning.
5.2.4.   Apply annotations on sketches and drawings.
5.2.5.   Create sketches using integration sketching techniques and styles.
5.2.6.   Apply coordinate systems (e.g. absolute, relative, user, cylindrical, Cartesian).
5.2.7.   Sketch geometric forms and shapes.
5.2.8.   Describe geometric constraints (e.g. geometric dimension and tolerancing [GD&T], run out,
location, and form).
5.2.9.   Select a view to graphically communicate a design solution.

Strand 6.   Precision and Advanced Machining
Learners apply principles of precision machining to measuring work pieces, drawing interpretation,
inspection, bench work and layout, power saws, drilling machines, lathes and turning machines, milling
machines and grinding machines.

Outcome 6.1. Measurement and Interpretation: Interpret drawings and documentation and perform
measurements.

Competencies
6.1.1.   Identify measuring tools and gradations used in precision machining and their purposes.
6.1.2.   Identify typical measurements in precision machining (e.g. angles, diameter, hardness).
6.1.3.   Identify measuring systems and convert between systems.
6.1.4.   Identify information and symbols provided in drawings and specifications.
6.1.5.   Measure and inspect work pieces according to product specifications.

Outcome 6.8. Maintenance: Maintain tools and equipment in working condition.

Competencies
6.8.5.   Monitor equipment performance during use.
6.8.6.   Repair or replace equipment and accessories as needed.

Strand 7.   Industrial Maintenance and Safety
Learners apply principles of protection, prevention and mitigation to create and maintain safe working
conditions at manufacturing sites. Knowledge and skills may be applied in all aspects of personal and site



safety, including handling materials, using tools and equipment, working with and around electricity and
using personal protective equipment.

Outcome 7.1. Site Safety: Handle materials, prevent accidents and mitigate hazards.

Competencies
7.1.1.   Use Occupational Safety and Health Administration (OSHA)-defined procedures for identifying
employer and employee responsibilities, working in confined spaces, managing worker safety programs,
using ground fault circuit interrupters (GFCIs), maintaining clearance and boundaries and labeling.
7.1.2.   Identify and rectify or mitigate hazards associated with walking surfaces, working surfaces and
lighting.
7.1.6.   Identify sources of electrical and mechanical hazards and use shut-down and established lock
out/tag-out procedures.
7.1.7.   Identify and eliminate worksite clutter in accordance with standards for cleanliness and safety.
7.1.8.   Identify procedures for the handling, storage and disposal of hazardous materials.
7.1.9.   Identify the location of emergency flush showers, eyewash fountains, Safety Data Sheets (SDSs),
fire alarms and exits.
7.1.10. Select and operate fire extinguishers based on the class of fire.
7.1.11. Identify the components of a hazardous materials safety plan.
7.1.12. Create a hazardous materials safety plan.
7.1.13. Set up for ergonomic workflow.
7.1.14. Describe the interactions of incompatible substances when measuring and mixing
chemicals.

Outcome 7.2. Personal Safety: Practice personal safety.

Competencies
7.2.1.   Interpret personal safety rights according to the employee Right to Know plan.
7.2.2.   Describe how working under the influence of drugs and alcohol increases the risk of accident,
lowers productivity, raises insurance costs and reduces profits.
7.2.3.   Select, use, store, maintain and dispose of personal protective equipment (PPE) appropriate to
job tasks, conditions and materials.
7.2.4.   Identify workplace risk factors associated with lifting, operating and moving heavy objects and
establish an ergonomics process.
7.2.5.   Identify, inspect and use safety equipment appropriate for a task.
7.2.6.   Use safe practices when working with electrical, mechanical, or other equipment.
7.2.8.   Safely operate manual, electrical-powered and pneumatic tools.



Manufacturing Capstone
Subject Code: 176008

The capstone course provides opportunities for students to apply knowledge, attitudes and skills
that were learned in the Welding program in a more comprehensive and authentic way. Capstones
often include project/problem based learning opportunities that occur both in and away from
school. Under supervision of the school and through community partnerships, students may
combine classroom learning with work experience. This course can be delivered through a variety
of delivery methods including cooperative education or apprenticeship.



PUPIL ASSESSMENT PROCEDURES

PORTAGE LAKES JOINT VOCATIONAL SCHOOL DISTRICT

In order to measure the progress of each student in the program and to measure the effectiveness of the
total program, student evaluation procedures will include, but not be limited to, the following:

·         quizzes
·         tests
·         daily participation
·         daily attendance
·         lab projects
·         lab performance
·         care of equipment
·         portfolios
·         oral presentations
·         conduct and initiative

Measurement of learning will be an ongoing process with emphasis on laboratory activities and
competency attainment.  Student assessment will be translated into appropriate grades by the teacher.
Assessment will be consistent with the school’s grading system and district policies.



GRADING SYSTEM

For the purpose of averaging grades the following numerical values are substituted for grades: A = 4.00,
B = 3.00, C = 2.00, D = 1.00, F = 0. The points should be added and total divided by the number of grades
given. The number is then converted back to a letter grade using the following scale:

Point Value Scale Point Range Percent Range
A = 4.0 Points 3.31-4.00 90-100
B = 3.0 Points 2.31-3.30 80-89
C = 2.0 Points 1.31-2.30 70-79
D = 1.0 Points 0.51-1.30 60-69
F = 0 Points 0.00-0.50 0-59

A student must have two passing nine week grades, one of which must be the second semester, in order
to pass a full year course. Failure to complete the requirements of a course may result in a final grade of
“F” – regardless of previous grades.

Students who receive an “incomplete” during any grading period have two weeks to complete the work
necessary to earn a letter grade. Work not done in this time frame will result in an “F” for the incomplete
assignments. A final grade will be calculated using all grades earned during the grading period, including
Fs for incomplete work.

Grades students receive may be enhanced or reduced based on their attitude, daily performance, and
accomplishments as specified in the Career Center’s Board of Education policy.

If a senior is in danger of failing quarter 1 of their CTE courses, a meeting will be scheduled with the
student’s teachers, counselor, and home school counselor.  If they do not pass quarter 1 and are in
danger of failing quarter 2, they may be considered for dismissal from their program and return to their
respective partner school.



POTENTIAL FOR INDUSTRY RECOGNIZED CREDENTIALS AND COLLEGE CREDITS

CREDENTIALS:

*American Welding Society (AWS)-Certified GMAW Welder-12 points

*OSHA 10-1 point

TOTAL POTENTIAL = 13 POINTS*

*Point values are assigned according to the current ODE approved credential list for Manufacturing.

COLLEGE CREDITS:

College credits are offered through the Ohio Department of Higher Education Career Technical Assurance

Guides (CTAGs) program.

CTAG credit is contingent upon receiving specific grades in qualifying courses and specific scores on

qualifying course webXams.

Verification forms to submit for credit upon course completion can be found here.  Please remember

these credits can only be applied at Ohio public 2 and 4 year colleges who offer a similar corresponding

class.

The following courses can apply for CTAG credit from Welding:

Gas Metal Arc Welding - 176000

● CTW009 Gas Metal Arc Welding GMAW (MIG)

● "C" or better in course and passing WebXam score (Field Testing)

● 3 hours

Shielded Metal Arc Welding - 176001

● CRW008 Shielded Metal Arc Welding SMAW (Stick)

● "C" or better in course and passing WebXam score (Field Testing)

● 3 hours

Gas Tungsten Arc Welding - 176003

● CTW010 Gas Tungsten Arc Welding GTAW (TIG)

● "C" or better in course and passing WebXam score (Field Testing)

● 3 hours

TOTAL POTENTIAL = 9 CREDIT HOURS

Portage Lakes Career Career Center also has numerous articulation agreements with various colleges and universities.  Please see the Assistant

Superintendent for further information.

https://education.ohio.gov/Topics/Ohio-s-Graduation-Requirements/Industry-Recognized-Credentials/Industry-Recognized-Credentials-by-Career-Field/Manufacturing
https://www.ohiohighered.org/transfer/ct2/earning-college-credit
https://www.ohiohighered.org/transfer/ct2/earning-college-credit
https://www.ohiohighered.org/transfer/ct2/how-to-access-ct2-credit


TENTATIVE JUNIOR SCHEDULE
Safety procedures
Evaluations and Grading
MIG
Heat input
SMAW (Stick)
T joints
Blueprint reading
Basic math
Vertical T joints
Overhead welding
Basic pipe welding
Resumes

TENTATIVE SENIOR SCHEDULE
Certifications
Placement
Projects
Capstone


