TN Department of

'Education Advanced Manufacturing Machining and Welding Instructional Materials

Scoring Rubric

Gateway: The publisher must provide a Tennessee standards alignment guide as a part of the scope and sequence for the

material. If this gateway is not met, the materials will not be scored. All Tennessee standards must be addressed within the
material. If this is not met, the material will not pass review by the Tennessee Textbook and Instructional Materials Quality
Commission.

Introduction:
The following Instructional Materials Scoring Rubric for CTE is designed to score materials in the following categories:

e Instructional Focus

e Attending to Skill Attainment
e Accessibility Features

e Alignment of Content

Scoring:
Each section is to be scored using a 0, 1, or 2. Use the following scoring guideline.
Tables 1-2:
e Adhere to the provided rubric statements for scoring.
Tables 3-4:

¢ 0: The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2:Arating of 2 indicates the standard is present and all aspects of the standard are fully met.
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Table 1: Instructional Focus

Directions:

Adhere to the provided rubric statements for scoring.

Indicator 0 1 2 Score Evidence

Student Materials are too Materials are Materials are aligned

Engagement | complex for a grade- | approaching grade- | to grade-level for a
level CTE course and level for a CTE course | CTE course and have
do not provide and have some engaging graphs,
engaging graphs, engaging graphs, charts, and/or
charts, and/or charts, and/or images throughout.
images. images.

Activity Material contains Activities reinforce Activities serve to

Aligned to activities that do not CTE knowledge and build proficiency of

Grade Level

enhance grade-level
CTE knowledge and
skills aligned to
standards.

skills aligned with
grade-level standards.

knowledge and skills
aligned with CTE
grade-level standards.

Use of Some units do not Industry connections | In every unit, industry
Current reflect the most are present but are practices are relevant
Industry current industry loosely connected to | and reflect current
Practices practices. current industry practices.

practices.
Career Materials do not There are brief There are thorough
Exploration | describe careers descriptions of descriptions of
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Directions:

Table 1: Instructional Focus

Adhere to the provided rubric statements for scoring.

relevant to industry in
any section.

careers relevant to
industry.

careers relevant to
industry.

Instructional
Materials

Materials do not
contain
supplemental
instructional
materials, such as
case studies,
educational videos, or
engaging articles.

Materials contain
some supplemental
instructional
materials for use by
the teacher.

Materials contain
several types of
supplemental
instructional
materials for use by
the teacher on
relevant topics.

Table 2: Attending to Skill Development

tool usage aligned to

explanations of

Directions:
Adhere to the provided rubric statements for scoring.
Indicator 0 1 2 Score Evidence
Safety Materials do not Materials mention Materials thoroughly
Practices address standard safety, but do not address standard
safety practices provide adequate safety practices
aligned to industry. information. aligned to industry.
Proper Materials do not Materials mention of Materials provide
Equipment address equipment | equipment and/or thorough
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Table 2: Attending to Skill Development
Directions:
Adhere to the provided rubric statements for scoring.
and Tool and/or tool usage industry, but do not equipment and/or
Usage aligned to industry. provide adequate tool usage aligned to
information. industry.
Performance- | Materials are Materials contain Every unit contains an
Based Tasks | designed for a performance-based adequate
lecture-based course | tasks, but they do not | performance-based
and provide no allow students to task in student-
performance-based | prove skill facing materials and
tasks. proficiency. teacher materials
including instructional
strategies for the
particular skill.
Developing Materials provide no | Materials provide Materials thoroughly
Employability | examples of some examples of address
Skills employability skills or | employability skills, employability skills
methods of but do not address in student-facing and
attainment. methods of teacher materials
attainment. including instructional
strategies.
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Table 3: Accessibility Features
Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2:Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

Digital Materials 0 1 2 | Evidence

All lessons within the materials are available in digital form and include a
printable option.

In every lesson, materials include recommended supports,
accommodations, and modifications for Students with Disabilities and
English language learners that will support their regular and active
participation in accessing on grade level material (e.g., modifying
vocabulary words within word problems, sentence starters, etc.).

Table 4: Principles of Manufacturing Alignment of Content

Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

Conceptual Understanding: The materials support the intentional 0 1 2 Evidence
development of students’ conceptual understanding of knowledge
and skills aligned to standards.

1.1 Safety Rules: Accurately read, interpret, and demonstrate adherence
to safety rules, including rules published by the (1) National Science
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Table 4: Principles of Manufacturing Alignment of Content

Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

Teachers Association (NSTA), (2) rules pertaining to electrical safety, (3)
Occupational Safety and Health Administration (OSHA) guidelines, (4)
American Society for Testing Materials, (4) ANSI Z49.1: Safety and
Welding, Cutting, and Allied Processes, and (5) state and national code
requirements. Be able to distinguish between rules and explain why
certain rules apply.

1.2 Safety Equipment: Identify and explain the intended use of safety
equipment available in the classroom. For example, demonstrate how
to properly inspect, use, store, and maintain safe operating procedures
with tools and equipment.

1.3 Lock Out/Tag Out: Demonstrate lock out/tag out procedures.

2.1 Manufacturing Overview: Define manufacturing and describe how it
is used to solve problems. Identify the five general steps of
manufacturing: preparation, processing, assembly, finishing, and
packaging. Select a product and trace its development through each of
the five steps. For example, explain how a smartphone goes from raw
materials to final packaged product.
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Table 4: Principles of Manufacturing Alignment of Content

Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

2.2 Manufacturing Processes: Distinguish between primary and
secondary processes involved in the manufacturing of industrial goods
into finished products. Explain how different processes make use of
specific manufacturing applications, such as the use of welding in
assembling processes. Relate the specific operations required to
implement the following secondary processes:

a. casting and molding (e.g., sand casting),

b. forging (e.g., metal forming),

C. separating (e.g., machining),

d. assembling (e.g., welding),

e. direct digital and additive manufacturing (e.g., 3-D printing),
f. finishing (e.g., electroplating),

g. stamping (e.g., stamping press), and

h. injection Molds (e.g., injecting material into a mold).

2.3 Manufacturing Systems: Understand that manufacturing is a
technological system that transforms raw materials into products in a
central location (e.g., a factory). Technological systems include the
following elements: inputs, processes, outputs, feedback, and goals.
Select a manufacturing system, such as metal fabrication, and explain
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Table 4: Principles of Manufacturing Alignment of Content

Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

the operation of the system. Identify each element and explain its role
in the system.

2.4 Advanced Manufacturing: Explain how advanced manufacturing
applies information, automation, computation, software, sensing, and
networking to make traditional processes more efficient. Describe how
advanced manufacturing incorporates the use of modern materials and
recent discoveries in physical and biological sciences. For example,
report on the use of nanotechnology.

2.5 Additive Manufacturing: Explain additive manufacturing (3D
printing). Identify different scenarios where additive manufacturing
would be the preferred method of manufacturing.

3.1 Materials: Identify and describe a wide range of materials used in
manufacturing: organic, inorganic, engineering (metallic, polymeric,
ceramic, composite), and non-engineering (gases and liquids).
Distinguish between the materials and provide examples of how they
are converted into products.
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Table 4: Principles of Manufacturing Alignment of Content

Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

3.2 Material Properties: Identify and describe the major material

properties: physical, mechanical, chemical, thermal, electrical/magnetic,

acoustical, and optical. Considering the use of materials in the various

areas of advanced manufacturing (e.g., welding, machining,

mechatronics, and electromechanical technology), discuss the following:
a. characteristics that make up the physical properties of a
material;

b. how the mechanical properties affect the way a material will
react to forces or loads;

c. how natural elements react with material and affect its
performance;

d. characteristics that make up thermal properties of a material
(e.g., thermal resistance, thermal expansion, thermal emission,
thermal shock resistance);

e. three major groups of materials that carry an electrical current
(e.g., conductors, semiconductors, resistors);

f. two major properties that describe how a material reacts to
sound waves (e.g., acoustical transmission, acoustical reflection);
and
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Table 4: Principles of Manufacturing Alignment of Content

Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

g. three general optical properties (e.g., color, light transmission,
light reflection).

Explain why these properties are important to the selection and
application of materials in a production setting.

4.1 Manufacturing Careers: Identify and describe the various career
opportunities and pathways in the advanced manufacturing industry
(welding, mechatronics, machining technology, and industrial
maintenance technology). The descriptions should contain job roles and
applicable licenses and/or certifications associated with each career.

4.2 Postsecondary Opportunities: Identify the postsecondary
institutions (colleges of applied technology, community colleges, and
four-year universities) in Tennessee and other states that offer
programs leading to careers in advanced manufacturing. Identify the
postsecondary programs of study and the secondary courses that will
prepare individuals to be successful in a postsecondary program.

4.3 Career and Technical Student Organization Introduction: Introduce
the program'’s aligned CTSOs, SkillsSUSA and Technology Student
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Table 4: Principles of Manufacturing Alignment of Content

Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

Association (TSA), through an interactive activity, such as a classroom
competition.

5.1 Measurement: Identify and demonstrate proper use of the following
typical measuring tools. Determine when it is appropriate to use linear
distance, diameter, and angle measuring tools, and record accurate and
repeatable measurements, attending to appropriate units and
quantities. Demonstrate measurements in both Standard (English) and
Metric systems.

a. Taperule

b. Machinist's rule
c. Bench rule

d. Caliper

e. Divider

f. Depth gage

g. Micrometer

h. Square

i. Protractor
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Table 4: Principles of Manufacturing Alignment of Content

Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

j. Combination set

5.2 Layout: Explain why proper layout is critical to making parts
properly. Select a typical part and correctly demonstrate the following
steps, or use a similar multistep procedure, to lay out the shape of a
part.

a. Measure off the part size on standard stock.

b. Cut the part blank out of the standard stock.
c. Draw center lines for holes and arcs.

d. Locate holes and arcs.

e. Mark centers of holes.

f. Draw tangent lines.

g. Layout straight cuts.

6.1 Sketching and Drafting: Define the differences in technique among
freehand sketching, manual drafting, and computer-aided drafting
(CAD), and describe the skills required for each. Create a two-
dimensional orthographic (multiview) drawing incorporating labels,
notes, and dimensions, using sketching/geometric construction
techniques. Apply basic dimensioning rules and properly use different
types of lines (e.g., object, hidden, center). The orthographic projections
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Table 4: Principles of Manufacturing Alignment of Content

Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

should include principle views of a simple object from the top, front,
and right sides.

6.2 Drawings: Compare and contrast the following types of engineering
drawings. Describe the characteristics and explain the different
applications of each drawing type. Identify and distinguish between
symbols that are unique to the different pathways in advanced
manufacturing (e.g., machining technology, industrial maintenance
technology, mechatronics, and welding). For example, industrial
maintenance technology often uses schematic symbols for common
electrical components, and machining technology often uses symbols
for surface finishes.

a. Detail drawings

b. Assembly drawings

c. Systems drawings

6.3 Interpretation: Inspect and interpret blueprints, schematic
diagrams, or written specifications for manufacturing devices and
systems. Explain how the pictorial representations relate to an actual
project layout, verifying sufficient agreement as prescribed by specified
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Table 4: Principles of Manufacturing Alignment of Content

Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

tolerances. For example, use a hydraulic schematic to show how fluid
travels through a hydraulic circuit in an actual system.

7.1 Sequencing: Explain why a manufacturing engineer sequences the
operations while designing efficient manufacturing systems. Find
samples of the following documents which engineers often use to
ensure that manufacturing operations are completed in a logical and
efficient order. Use the sample documents to manage the completion
of short projects and assignments in this course. Documents include
the following:

a. operation sheet,

b. flow process chart, and

c. operations process chart.

8.1 Data: Identify the three basic types of data that are important to
controlling the manufacturing of a product: product output data, quality
control data, and labor data. Describe and explain each type, including
sample illustrations of the various reports needed by analysts (e.g.,
production report, material rejection form, inspection report). Provide
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Table 4: Principles of Manufacturing Alignment of Content

Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

examples of how a process can be improved depending on the
outcome of each data type.

8.2 Data Analysis: Identify common statistical processes to analyze data.
Describe standard procedures for analysis to apply to manufacturing
projects throughout the course and program of study. The procedures
should include:

a. collection of data,

b. analysis methods, and

C. interpretation of results.

8.3 Quality Control: Define the concept of quality control in the
manufacturing industry. Summarize the roles of various personnel
involved in ensuring quality control over production, including those
who make the products, those who design the processes, and those
who inspect the finished products. Describe why quality control is
important to manufacturing processes, including how it affects
customers, retailers, and manufacturers. Provide examples of how
quality control could be applied to various manufacturing practices like
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Table 4: Principles of Manufacturing Alignment of Content

Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

electromechanical technology, machining technology, mechatronics,
and welding.

8.4 Quality Improvement: Identify quality improvement tools and
strategies such as the Plan-Do-Check-Act cycle, and collaboratively
create quality control guidelines and reports to reference as products
are fabricated and assembled throughout the semester and program of
study. Include plans for corrective action to address common quality
problems.

8.5 Process Management: Identify the functions of process
management in a manufacturing workplace: planning, organizing,
directing, and controlling. Explain each function and describe the
relationship between process management and quality assurance. For
example, compare and contrast the costs of preventive maintenance,
safety practices, and quality control with the costs of equipment repair,
workplace accidents, and inefficient processes.

9.1 Hand Tools: Demonstrate proper application of common machine
shop hand tools. Identify the following tools and provide examples of
how they should be used safely.
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Table 4: Principles of Manufacturing Alignment of Content

Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

a. Clamping devices
b. Pliers
c. Wrenches
d. Screwdrivers
e. Chisels
f. Hacksaws
g. Reamers
h. Hand taps
i. Dies
Given a specific machining assignment, select two or more of the above

hand tools for the task. Explain why the tools were selected to complete
the assignment.

9.2 Equipment: Identify and explain the equipment, equipment setup,
and techniques that apply to the following operations:
a. sawing,

b. drilling,

c. grinding, and
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Table 4: Principles of Manufacturing Alignment of Content

Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

d. milling.

Given a specific machining assignment, comply with safe and efficient
work practices and perform basic operations using both manual and
machine-guided techniques. Properly set controls and speeds of the
machines; remove and replace parts; and visually examine machined
surfaces for meeting the given specifications.

9.3 Computer Numerical Control (CNC): Explain the development of
numerical control machines, including how computer numerical control
(CNC) technology evolved. Compare and contrast CNC machines with
manually controlled machines and identify the chief benefits associated
with them. Demonstrate the operation of a CNC machine to perform
basic tasks.

10.1 History of Mechatronics: Describe the history of mechatronics and
summarize how it evolved into modern-day applications. Explain the
mechatronics field, the skills needed to be successful in this field, and
why there is a demand for mechatronics professionals.

10.2 Mechatronics System: Identify and describe the following
components of a typical mechatronic system. Select a common
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Table 4: Principles of Manufacturing Alignment of Content

Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

machine, such as a robot or a copy machine, to illustrate an example of
a mechatronic system. Using supporting evidence from the machine
and/or its accompanying schematic, explain why the machine is
considered a mechatronic system.

a. Actuators

b. Sensors

c. Digital control devices
d. Input devices

e. Output devices

f. Graphical displays

10.3 Data Usage: Log, store, and export data received from two or more
sensors (e.g., vision/light, audio, and touch) in a robotic or automated
system. Explain why these procedures would be useful in a
manufacturing process and provide specific examples.

11.1 Drives: Explain how belt drives and chain drives are used to
transmit power in an industrial maintenance technology system.
Compare and contrast the two drive types and describe the advantages
and disadvantages of using each. Make a claim about the appropriate
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Table 4: Principles of Manufacturing Alignment of Content

Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

drive type for a given situation, citing data and evidence to support the
claim and address counterclaims.

11.2 Electricity: |dentify and define the following common electrical
guantities, including the unit of measurement and symbol
(abbreviation) for each unit.

a. Current

b. Voltage

C. Resistance

d. Conductance
e. Power

f. Charge

11.3 Fluid Power: Compare and contrast the two types of fluid power
systems (pneumatic and hydraulic). Describe and explain the
components they have in common; then identify the characteristics that
render certain advantages to using one system over the other. For
example, heavy construction machinery often uses hydraulic systems
because they have the ability to support heavy loads.
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Table 4: Principles of Manufacturing Alignment of Content

Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

12.1 Welding Drawings: Interpret welding-specific drawings and welding
symbol information. Differentiating between drawings and blueprints,
examine parts to determine the application of symbols from drawings,
sketches, and blueprints

12.2 Material Cutting: Examine the given shop and assembly drawings
for a weldment composed of five to ten components. Interpret the
dimensions and write a plan describing the materials and tools needed
to complete the assignment. Make the required cuts and execute the
plan.

12.3 Welding Equipment: Identify and explain the equipment,
equipment setup, and techniques that apply to the following thermal
cutting operations:

a. oxyfuel cutting,

b. plasma-arc cutting,
C. air carbon arc cutting,
d. sawing,

e. shearing, and
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Table 4: Principles of Manufacturing Alignment of Content

Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

f. punching.

Perform straight, shaped, and beveled cutting operations using both
manual and machine-guided techniques. Properly use weld-washing
techniques and visually examine cut surfaces to meet the given
specifications.

13.1 Industry 4.0: Examine the changes to manufacturing due to the
Fourth Industrial Revolution (Industry 4.0). Explore a range of new and
emerging trends in advanced manufacturing. A trend could be the
change in the types of skills needed in manufacturing, the use of
computers, or the use of advanced materials in recent years. Examples
include the following:

a. sensing, measurement, and process control;

b. materials design, synthesis, and processing;
C. sustainable manufacturing;

d. nano manufacturing;

e. flexible electronics manufacturing;

f. bio manufacturing;

g. additive manufacturing - focus on how 3D printing is being used;
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Table 4: Principles of Manufacturing Alignment of Content

Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

h. industrial robotics;
i. advanced forming and joining technologies; and

j. electric vehicle manufacturing.

Research one or more of these trends in depth, and compile, review,
and revise a presentation or a paper explaining both the technical
aspects involved (i.e., what skills are needed) and the effects on
businesses, workers, and society.

13.2 Ethical Artificial Intelligence (Al): Explore the ethical implications of
Al usage through interactive discussions and case studies, learning to
identify bias, ensure fairness, and protect privacy in Al systems. Develop
critical thinking skills to evaluate the societal impact of Al technologies,
while fostering a sense of responsibility and ethical decision-making in
their own use of Al tools.

14.1 Data Analysis in Manufacturing: Research the use of data in the
manufacturing career fields. Include data that is generated internally by
businesses and externally by local communities, the state, and the
nation. Explore examples of how data is used, including:
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Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.

e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

a. customer/client use of products and services in manufacturing;
b. demographics of end users of manufactured products;

c. community, state, and national statistics related to
manufacturing; and

d. data that must be reported to another activity that impacts
manufacturing.

15.1 Course Project: Outline the creation of an innovative product that
could be created to solve a specific problem in the school or
community. Using the Engineering Design Process, outline the
necessary steps for product development and include a description of
how it solves the problem. For example, document the design process
as a digital portfolio artifact.
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Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

Conceptual Understanding: The materials support the intentional 0 1 2 Evidence
development of students’ conceptual understanding of knowledge
and skills aligned to standards.

1.1 Demonstrate Safety: Maintain safety records and demonstrate
adherence to industry-standard practices regarding general machine
safety, tool safety, and fire safety to protect all personnel and
equipment. For example, when operating tools and equipment,
regularly inspect and carefully employ the appropriate personal
protective equipment (PPE) as recommended by Occupational, Safety
and Health Administration (OSHA) regulations; American Society for
Testing Materials, ANSI Z49.1: Safety and Welding, Cutting, and Allied
Processes; and state and national code requirements. Be able to
distinguish between rules and explain why certain rules apply.
Incorporate safety procedures and complete the safety test with 100
percent accuracy.

1.2 Safety Guidelines: Adhering to proper safety guidelines, develop a
schedule and create documents for a checklist to perform daily, weekly,
and/or monthly routine maintenance on hand tools, conventional
machines, and computer numerical control (CNC) machine tools. The
checklist should also include but is not limited to cleaning the work area
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Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

and appropriately handling and disposing of environmentally
hazardous materials.

2.1 Machining Technology: Describe machining technology and how it
has affected the workforce and the manufacturing industry in
particular. Summarize early machining tools, how power sources
changed, basic machine tool operation, non-traditional machining
processes, and automated machining processes.

3.1 Careers: Explain how the role of a machinist has changed with the
evolution of machining technology. Describe the various machining job
categories and their characteristics. Identify the skills, education, and
training requirements to become a machinist. Summarize possible
postsecondary institutions (e.g., colleges of applied technology,
community colleges, and four-year universities) and professional
organizations (National Institute for Metalworking Skills [NIMS]).
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Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

4.1 Measuring Tools: Given a specific machining task, select the
appropriate tool and accurately measure solid shapes or simple parts.
Record the measurements in both English and metric units using the
correct number of significant figures. Perform basic mathematical
calculations and/or calibrations using tools such as the following:

a. micrometers,

b. verniers,

c. dial calipers,

d. gauges,

e. dial indicators, and

f. helper measuring tools (e.g., calipers, telescoping gauge, small
hole gauge).

4.2 Interpret Measurements: Calculate the speeds, feeds, and depth of
cut for various machines and determine the tools needed for machining
a simple part. Correctly interpret recorded measurements and use
them to set up or adapt a process.

4.3 Layout: Identify and explain the proper use of the following
common layout tools used in machining technology. Given a specific
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Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

machining task, use a multistep layout procedure to locate and mark

lines, circles, arcs, and points for drilling holes and making cuts, such as:
a. lines: layout dye, scriber, divider, surface plate, v-blocks,
straightedge, squares; and

b. angles: plain protractor, vernier protractor.

5.1 Symbols, Lines, and Figures: Demonstrate technical literacy in the
symbols, lines, and figures devised by the American National Standards
Institute (ANSI). Distinguish between the past and present metalworking
symbols (e.g., counterbore, countersink, and drill) and explain why it is
important to be familiar with both.

5.2 Dimensions: Classify and compare the different types of dimensions
on drawings needed to produce a part or an object. Read and interpret
drawings that are dimensioned in fractional inches, decimal inches, and
metric units. For example, drawings dimensioned in decimal parts of a
unit indicate greater precision.

5.3 Interpret Drawings: Examine and interpret drawings to manufacture
an object. Report and define information necessary to complete a
machining task, such as the materials to be used, required surface
finish, tolerances, quantity of units, scale, assembly and subassembly
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Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

instructions, past revisions, and the name of the object. Explain the
interpretation of drawings and provide supporting evidence.

5.4 Detail and Assembly Drawings: Given a set of machining drawings,
distinguish between the detail and the assembly drawings. Compare
and contrast the characteristics and applications of each. Describe a
multistep procedure to use the drawings in order to complete a series
of tasks related to a given assignment. For example, use the scale of a
drawing to determine dimensions not explicitly shown on the drawing.

6.1 Metal Classifications: Using the following classifications, explain how
metals are classified, identify the general characteristics of each type,
and describe related safety precautions that should be applied during
machining procedures.

a. Ferrous metals

b. Nonferrous metals
c. High-temperature metals

d. Rare metals
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Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

6.2 Materials: Investigate the chemical and physical properties of
materials used in the machining process. Considering the following
common materials, list the principal properties relevant to machining
tasks.

a. Carbon steels

b. Stainless steels
c. Structural steels
d. Castiron

e. Aluminum

7.1 Manufacture a Part: Determine strategies to manufacture a simple
part. The strategies should include designing a flow process that
organizes equipment and materials needed for cutting, drilling, milling,
grinding, and/or other machining operations. Also, organize a plan for
the layout, set up, and performance of tapping, countersinking,
counterboring, and reaming as needed. Implement the above strategies
to manufacture the part.

7.2 Production Design Process: Develop and manufacture a product
idea, accounting for given specifications and potential constraints. Prior
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Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

to manufacturing the product, use the following multi-step process to
outline a plan demonstrating how the product will be manufactured
efficiently. The plan should include justification for the number of parts
needed, how the parts were standardized, and the ability to process the
parts.

a. Develop initial designs.

b. Refine designs.

c. Create a conceptual model and prototype.

d. Present design ideas.

e. Obtain management approval for the design.

f. Manufacture the final product.

8.1 Measure and Weigh Parts: Measure, weigh, and visually inspect
machined parts. Record and compare data to given project
specifications using class-defined analysis methods. Interpret and
communicate results both written and verbally. If necessary,
recommend changes that will reduce the number of product defects
during the manufacturing process.
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Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

8.2 Testing: Explain destructive and nondestructive testing used as
quality control techniques to prevent manufacturing defects in
machining technology. Explain the importance of accurate measuring
tools that are calibrated by the National Institute of Standards
Technology (NIST) guidelines. In addition, explore other testing
techniques such as the use of coordinate measuring machines (CMM),
use of optical comparators, radiographic inspection, magnetic particle
inspection, ultrasonic inspection, and laser inspection. Compare and
contrast these techniques and provide specific examples of when they
are most appropriately used. Cite evidence to justify the examples.

9.1 Team Project with Data Analysis: As a team, identify a problem
related to the program of study as a whole. Research and utilize the
Engineering Design Process to design a solution. Document the
following steps in an engineering design notebook for inclusion in the
program portfolio. When possible, connect the problem to an existing
SkillsUSA event.
a. Problem Identification: Brainstorm specific problems and
challenges with the program of study. Conduct basic research to
understand the scope and implications of the identified problem.
Identify one problem as a focus area.
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e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

b. Research and Analysis: Conduct in-depth research on chosen
topics related to the problem. Locate and analyze a dataset related
to the problem.

c. Review the Stages of the Engineering Design Process: define the
problem, research, brainstorm solutions, develop prototypes, test
and evaluate, and iterate. Consider constraints such as cost,
efficiency, and environmental impact during the design process.

d. Project Implementation: Assign specific roles within the design
teams (e.g., project manager, researcher, designer, tester). Design a
solution tailored to address the identified problem or scenario.
Document progress through design journals, sketches, diagrams,
and digital presentations. (Note: Prototype is optional in the Year 2
course.)

e. Presentation and Reflection: Showcase the problem and solution
to the class. Share the data that was analyzed and how it affected
the solution. Discuss the design process and challenges. As a class,
critically evaluate the effectiveness and feasibility of the solutions
and propose potential improvements.
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Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

Conceptual Understanding: The materials support the intentional 0 1 2 Evidence
development of students’ conceptual understanding of knowledge
and skills aligned to standards.

1.1 Measurement: Determine the appropriate units and record accurate
and repeatable measurements of length, diameter, and thickness to
complete projects using the following:

a. rules, gauges, calipers, and micrometers;

b. tools equipped with dials, vernier scales, and digital readouts;
c. both metric and English scales;
d. appropriate standards of accuracy and precision; and

e. satisfactory tolerances permissible for a given task.

For example, while grinding a piece to a specified thickness,
measurements with a metric vernier caliper are used to achieve a value
within the tolerance specified by the drawing.

1.2 Measurement of Angles: Determine the appropriate units and
record accurate and repeatable measurements of angles to complete
projects by:
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Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

a. applying principles of trigonometry, Cartesian geometry, and/or
polar geometry, distinguishing when and which principles apply to a
given machining task; and

b. using angle gauges, a plate protractor, a universal bevel
protractor with a vernier scale, square, and/or a sine bar and gauge
blocks, or adjustable parallel.

For example, measure the angle formed by two surfaces of a machined
part to the nearest 0.01 degree using a sine bar.

1.3 Measurement of Material Properties: Determine the appropriate
units and record accurate and repeatable measurements of material
properties such as hardness, pH, and load/elongation test curves of
stress, strain, modulus, and yield. Interpret test values and curves and
use calculated results to make informed decisions. For example,
measure the Rockwell hardness of a piece of stainless steel to
determine the recommended cutting speed with a carbide-tipped
cutting tool.

2.1 Safety: Maintain safety records and demonstrate adherence to
industry-standard practices regarding general machine safety, tool
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Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

safety, and fire safety to protect all personnel and equipment. For
example, when operating tools and equipment, regularly inspect and
carefully employ the appropriate personal protective equipment (PPE),
as recommended by Occupational, Safety and Health Administration
(OSHA) regulations. Incorporate safety procedures and complete safety
tests with 100 percent accuracy.

3.1 Interpret Drawings: Visualize and interpret engineering drawings for
projects to:
a. create an accurate bill of materials;

b. identify and interpret geometric dimensioning, tolerancing
symbols, and nomenclature; and

¢. identify primary and secondary datums.

For example, layout correctly dimensioned bolt holes in a radial pattern
specified by a drawing and select the proper tools to complete the
required operations.

3.2 Plan to Handle Materials: Anticipate the consequences and handling
requirements of metals, alloys, ceramics, polymers, and composites to
properly and safely handle and machine these materials. For example,
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Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

research the material properties for the bill of materials for a project in
preparation for choosing cutting tools, speeds, and handling.

4.1 Operation of Machining Tools: Manage and coordinate the
operation of the cutting pieces, feeds, and mounts associated with both
manual and computer-numerical-controlled (CNC) machining tools to
complete advanced projects involving:
a. milling machines, such as indexing operations using a dividing
head and rotary tables;

b. lathes, such as re-chase and internal threads, taper turning with
taper attachments and compound rests, internal tapered surfaces,
follower and steady rests; and

c. grinders, such as grinding pieces between centers, operating
radius dressers, cylindrical grinders, and inside diameter (ID)
grinders.

For example, select the correct cutting tools and speeds for the CNC
processes to create Delrin (plastic) shafts and gears for a class robotics
project.
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Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

4.2 Heat-Treatments: Correctly, safely, and efficiently schedule,
configure, administer, and verify heat-treatments to machined parts
according to blueprint specifications. For example, while properly
attired and equipped, use an oven or torch to harden and temper a W1-
grade steel bolt to yield a hardened, tamper-proof bolt.

5.1 Planning for Production: Solve manufacturing-related problems by
analyzing and weighing the constraining factors including schedule,
cost, materials, and equipment as well as productivity, regulations,
maintenance, and quality. For example, as part of an assigned
machining project, draft, obtain approval, and implement a schedule for
completion, including ordering materials, planning the sequence of
machining and stepwise approvals, and determining a target for final
delivery, justifying all recommendations with supporting evidence.

5.2 Quality Control: Employ statistical quality control test methods and
techniques, especially on large volume processes, to minimize defects
and waste due to poor quality. For example, use statistical sampling,
measuring, and charting to monitor and detect the need for corrective
action on a mass production of thread cutting. Upon completion of
testing, draft a written report documenting the findings in the proper
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Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

format that a quality control inspector would deliver to a supervisor or
other superior.

5.3 New Machining Technologies: Explore and develop one's skills with
new and emerging machining and manufacturing technologies, such as
3D printing, laser etching, computer-controlled machining, and digital
manufacturing methods. For example, produce a small plastic part
using a 3D printer, and then produce the same part with a CNC
production method using G- and M-codes; compare the material cost
and waste, manpower, scheduling, etc. of the two methods and provide
written justification to persuade a prospective manufacturer,
wholesaler, or other supplier why one method is more cost-effective,
efficient, or profit-maximizing than the other.

5.4 Solve a Manufacturing Problem: Demonstrate and practice
teamwork, problem-solving, and decision-making skills required for
success as a career machinist in a manufacturing environment.
Applying the skills acquired in the previous standards, examine a given
manufacturing problem to research and plan a solution that will result
in the creation of a prototype for a manufactured product. This process
will include but is not limited to the following:
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a. reading and interpreting relevant engineering drawings;
b. assessing prototyping processes;

C. using engineering drawings as a planning tool for programming
software to design the prototype;

d. crafting appropriate documentation and justification of decisions
made in the design process for the purposes of explaining as well as
persuading; and

e. creating a presentation for the design and construction of the
manufactured product.
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e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

Conceptual Understanding: The materials support the intentional 0 1 2 Evidence
development of students’ conceptual understanding of knowledge
and skills aligned to standards.

1.1 Safety: Accurately read, interpret, and demonstrate adherence to
safety rules, including rules published by the (1) National Science
Teachers Association (NSTA); (2) rules pertaining to electrical safety; (3)
Occupational Safety and Health Administration (OSHA) guidelines; (4)
American Society for Testing Materials, ANSI Z49.1: Safety and Welding,
Cutting, and Allied Processes; and (5) state and national code
requirements. Be able to distinguish between rules and explain why
certain rules apply. Complete the safety test with 100 percent accuracy.

1.2 Safety Equipment: Identify and explain the intended use of safety
equipment available in the classroom. For example, demonstrate how
to properly inspect, use, store, and maintain safe operating procedures
with tools and equipment.

2.1 Welder Qualifications: Locate and assess the American Welding
Society website and analyze its structure, policies, and requirements for
the AWS Entry Welder qualification and certification. Explain a welder
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e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

certification document, what steps are required to obtain the
certification, and how to prepare for the examination.

3.1 Interpret Drawings: Interpret drawings to weld. Compare and
contrast the architectural scale versus the engineering scale used in
mechanical drawings. Describe their distinguishing characteristics.
Define a scale and perform conversion calculations of various distances.

3.2 Create Drawings: Building on the knowledge of a two-dimensional
drawing, create simple isometric (3-D pictorial) drawings, properly using
lines (e.g., object, hidden, center), labels, and dimensioning techniques.

4.1 Basic Weld Joints: Identify, sketch, and explain the five basic weld
joint designs (e.g., butt, lap, tee, outside corner, and edge). Find
examples of various joint designs applied to structures on or around
campus and take pictures to present to classmates.

5.1 Set Up for SMAW: Safely set up equipment for shielded metal arc
welding (SMAW). Identify and explain the equipment, equipment setup,
and the electrical current used in the welding process. Compare and
contrast SMAW with other welding and cutting processes such as
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oxyfuel gas welding (OFW), gas metal arc welding (GMAW), flux-cored
arc welding (FCAW), and gas tungsten arc welding (GTAW).

5.2 SMAW Welding: Demonstrate how to make single-pass and multiple-
pass fillet welds and groove welds with backing on plain carbon steel in
the following positions:

a. flat,

b. horizontal,
c. vertical, and

d. overhead.

Prior to welding, sketch a cross-section, including the dimensions of
each weld demonstration

5.3 Metal Classification and SMAW: Explain the American Welding
Society (AWS) filler metal classification system. Summarize the multiple
factors that affect electrode selection for shielded metal arc welding
(SMAW). Using various electrodes, demonstrate how to make pad beads
on plain carbon steel in the following positions:

a. flat,
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b. horizontal,
c. vertical, and

d. overhead

Summarize the demonstration results of using various electrodes and
explain the findings using supporting evidence from the AWS metal
classification system.

6.1 Mechanical Properties of Metals: Summarize the following
mechanical properties of metals and their importance in the welding
process.

a. Tensile

b. Strength
c. Hardness
d. Elasticity

e. Ductility

f. Toughness
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g. Brittleness

Explain the changes in the mechanical properties of weldments that
occur during the welding process.

6.2 Thermal Properties of Metals: Investigate the thermal properties of
metals and their effects on welding processes. Describe and
demonstrate techniques to mitigate the effects of thermal expansion
and contraction that occur during the welding process. During the
demonstrations, observe and record the changes that occur in the
mechanical properties of the weld and parent metals caused by heating
and cooling.

6.3 Heat Effect of Metals: Demonstrate the effects of heat on different
metals such as steel and aluminum. Explain the differences. Explain the
effect of thermal conductivity on the heating and cooling rates observed
during the welding process, as well as the effect of specific heat on heat
rates required for welding.

7.1 Discontinuities and Defects: Explain the relationship between
discontinuities and defects. Describe various examples of defects found
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in welded products. Also, identify and explain both destructive and
nondestructive tests used as quality control techniques to prevent
manufacturing defects in welding. Compare and contrast these
techniques and provide specific examples when they are most
appropriately used. Cite evidence to justify the examples.

7.2 Inspection: Measure and visually inspect welded products for
acceptability to American Welding Society QC-10 standards. Record
discontinuities and defects and compare data to given project
specifications using class-defined analysis methods. Interpret and
communicate results. If necessary, recommend changes that will reduce
the number of product defects during the manufacturing process.

8.1 Welding Elements: Identify various welding elements. Define the
following elements and locate them in the American Welding Society
(AWS) Specification for Welding Procedure and Performance
Qualification (AWS B2.1/B2.1M):

a. joint design,

b. base metal,

c. filler metal,
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d. position,

e. preheat and interpass,
f. heat treatment,

g. shielding gas, and

h. electrical.

8.2 Elements Effects on Welding: Summarize the variables associated
with the above elements and their effects on welding processes.
Describe techniques to mitigate the effects of these variables that can
occur during the welding process.

8.3 Welding Procedure Specification: Read and interpret an example of
a welding procedure specification and observe demonstrations of
qualified welders to understand the proper procedures involved in
conducting a welding procedure test. Explain how to properly use the
welding procedure specifications that impact a welding procedure test.
Include the following:

a. code requirements,

b. materials,
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c. documentation,
d. destructive testing, and

e. inspection and evaluation.

8.4 Welding Procedure Test: Explain how to conduct a welding
procedure specification and a welding procedure test. Steps must

include:
a. properly setting up welding equipment for the process being

tested;

b. properly select base material and filler metal (gas shielding if
required);

c. gathering equipment needed to capture welding variables;

d. properly set up test coupon (per code, or as performed in
production);

e. properly document data as coupon is being welded;

f. performing visual inspection;

g. performing destructive testing; and
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h. completing the Welding Procedure Specification document.

9.1 Team Project with Data Analysis: As a team, identify a problem
related to the program of study as a whole. Research and utilize the
Engineering Design Process to design a solution. Document the
following steps in an engineering design notebook for inclusion in the
program portfolio. When possible, connect the problem to an existing
SkillsUSA event.
a. Problem Identification: Brainstorm specific problems and
challenges with the program of study. Conduct basic research to
understand the scope and implications of the identified problem.
Identify one problem as a focus area.

b. Research and Analysis: Conduct in-depth research on chosen
topics related to the problem. Locate and analyze a dataset related
to the problem.

c. Review the Stages of the Engineering Design Process: Define the
problem, research, brainstorm solutions, develop prototypes, test
and evaluate, and iterate. Consider constraints such as cost,
efficiency, and environmental impact during the design process.

d. Project Implementation: Assign specific roles within the design
teams (e.g., project manager, researcher, designer, tester). Design a
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solution tailored to address the identified problem or scenario.

Document progress through design journals, sketches, diagrams,
and digital presentations. (Note: Prototype is optional in the Tear 2

course.)

Presentation and Reflection: Showcase the problem and solution to the
class. Share the data that was analyzed and how it affected the solution.
Discuss the design process and challenges. As a class, critically evaluate
the effectiveness and feasibility of the solutions and propose potential
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Conceptual Understanding: The materials support the intentional 0 1 2 Evidence
development of students’ conceptual understanding of knowledge
and skills aligned to standards.

1.1 Safety Rules: Accurately read, interpret, and demonstrate adherence
to safety rules, including rules published by the (1) National Science
Teachers Association (NSTA), (2) rules pertaining to electrical safety, (3)
Occupational Safety and Health Administration (OSHA) guidelines, (4)
American Society for Testing Materials; ANSI Z49.1: Safety and Welding,
Cutting, and Allied Processes, and (5) state and national code
requirements. Be able to distinguish between rules and explain why
certain rules apply. Complete the safety test with 100 percent accuracy

1.2 Safety Equipment: Identify and explain the intended use of safety
equipment available in the classroom. For example, demonstrate how
to properly inspect, use, store, and maintain safe operating procedures
with tools and equipment.

2.1 GMAW Equipment: Safely set up equipment for gas metal arc
welding (GMAW). Identify and explain the equipment, equipment setup,
power sources, and the electrical current used in the welding process.
Explain the characteristics and advantages of using GMAW over
conventional electrode-type arc (stick) welding. For example, explain
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why it is easier to control the small molten weld pool using the GMAW
process.

2.2 Metal Classification for GMAW: Explain the American Welding
Society (AWS) filler metal classification system. Explain the multiple
factors that affect electrode selection for gas metal arc welding (GMAW).
For example, the 80 in ER80S-D2 designates the minimum tensile
strength of the deposited weld metal in thousands.

2.3 Weld with GMAW: Using the gas metal arc welding (GMAW) process
and various metal transfer methods (e.g., short-circuit, pulse-arc,
globular, and spray transfer), demonstrate how to pad beads and make
fillet welds on plain carbon steel in all feasible positions (e.g., horizontal,
flat, vertical, overhead). Summarize the demonstration results,
distinguishing between the metal transfer methods used, and explain
the equipment adjustments made to change between metal transfer
methods as if narrating a technical process to an audience.

3.1 FCAW Equipment: Safely set up equipment for flux cored arc
welding (FCAW). Identify and explain the equipment, equipment setup,
power sources, and the electrical current used in the welding process.
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Drawing on multiple resources, research the advantages and limitations
of FCAW. Write a brief informative paper distinguishing these
characteristics. For example, determine which types of metals and
alloys are most applicable for the use of FCAW.

3.2 Metal Classification for FCAW: Refer to previous research conducted
on the filler metal classification system by the American Welding Society
(AWS). Using proper domain-specific terminology, explain the multiple
factors that affect electrode and shielded gas selection for flux cored
arc welding (FCAW). For example, manufacturers sometimes consider
the exact

composition of fluxes a trade secret and do not provide enough details
to classify electrodes. As a result, AWS uses G for electrodes that have
not been classified.

3.3 Weld with FCAW: Using various electrodes and the flux cored arc

welding (FCAW) process, demonstrate how to pad beads and make fillet
welds on plain carbon steel in all feasible positions (e.g., horizontal, flat,
vertical, overhead). Document observations such as the effects of metal
surface conditions, voltage drop, welding position, and wire feed speed.
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Summarize the demonstration results of using various electrodes and
explain the findings using supporting evidence from the AWS metal
classification system and other resources.

3.4 Distinctives of FCAW: Identify and explain the following distinctive
features about flux cored arc welding (FCAW): arc-control, oxidation-
prevention, self-shielded FCAW, and gas-shielded FCAW. Describe and
demonstrate specific examples of how metal transfer is affected by arc-
control, self-shielded, and gas-shielded FCAW. Explain the importance
of using recommended gas mixtures.

4.1 GTAW Equipment: Safely set up equipment for gas tungsten arc
welding (GTAW). Identify and explain the equipment, equipment setup,
power sources, and the electrical current used in the welding process.
Compare and contrast water-cooled welding torches versus air-cooled
welding torches used in GTAW. Explain the characteristics and the
appropriate applications of each torch type. For example, determine
which torch is preferred in production welding contexts and explain
why.
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4.2 Metal Classification for GTAW: Refer to previous research conducted
on the filler metal classification system by the American Welding Society
(AWS). Discuss the multiple factors that affect electrode selection for
gas tungsten arc welding (GTAW). For example, pure tungsten (EWP) is
not typically used with alternating current (AC) welding of materials
because it has poor heat resistance and electron emission.

4.3 Weld with GTAW: Using various electrodes and the gas tungsten arc
welding (GTAW) process, demonstrate how to pad beads and make fillet
welds on plain carbon steel, stainless steel, and aluminum in all feasible
positions (e.g., horizontal, flat, vertical, overhead). Summarize the
demonstration results of using various electrodes and explain the
findings using supporting evidence from the AWS metal classification
system and other resources.

4.4 Distinctives of GTAW: Identify and explain the following distinctive
features about gas tungsten arc welding (GTAW): arc-control, oxidation-
prevention, and gas-shielded GTAW. Describe and demonstrate specific
examples of how metal transfer is affected by various shielded gas
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GTAW (e.g., argon, helium, hydrogen, nitrogen). Identify which gases are
noble inert gases and explain why this is a distinguishing characteristic.

5.1 Inspection: Measure and visually inspect welded products for
acceptability to American Welding Society QC-10 standards. Record
discontinuities and defects and compare data to given project
specifications using class-defined analysis methods. Interpret and
communicate results both written and verbally. If necessary,
recommend changes that will reduce the number of product defects
during the manufacturing process.

5.2 Testing: Explain nondestructive testing beyond visual inspection,
such as penetrant inspection, magnetic particle inspection, radiographic
inspection, and ultrasonic inspection. Describe how these tests are
applied as quality control techniques to prevent manufacturing defects
in welding. Compare and contrast these techniques and provide specific
examples for when they are most appropriately used. Cite evidence to
justify the examples. Demonstrate the proper use of the magnetic
particle and penetrant inspection tests on weldment samples of gas
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metal arc welding (GMAW), flux cored arc welding (FCAW), and gas
tungsten arc welding (GTAW) processes.

5.3 Bend Tests: Describe and distinguish between the guided-bend test
and the free-bend test. Explain when it is most appropriate to apply
each test. Demonstrate the use of each test and properly document
results on a mock qualification test record form conforming to the
American Welding Society (AWS) requirements. For example, perform
root- and face-guided bend tests on a butt joint weld coupon.

6.1 Efficiency: Analyze and differentiate among various types of
elements that can directly impact welding efficiency. Explain the
following types of elements and details how their purposes and
characteristics can directly affect efficiency:

a. arc time,

b. operating factor,
c. deposition rate (wire feed speed),
d. electrode efficiency,

e. travel speed,
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f. weld size,
g. poor fit, and

h. defects/repairs.

6.2 Wire Feed Speed and Weld Size: Explain how wire feed speed and
weld size influence efficiency. Demonstrate the consequences of using
different variables in relation to wire feed speed and weld size. Upon
completion of the work, explain and justify observations identifying
different methods used and their final impact on efficiency.

6.3 Fillet and Groove Welds: Explain the differences between fillet and
groove welds. Summarize their purposes and characteristics, the costs
associated with each weld, and a calculation of how long it would take a
welder to successfully create each type.

7.1 Industry Certification: Pursue the industry certification exam (e.g.,
American Welding Society SMAW module) using the shielded metal arc
welding (SMAW) process. Demonstrate how to make multiple-pass
open-butt groove welds on plain carbon steel in all feasible positions

Division of College, Career and Technical Education * Andrew Johnson Tower, 9th Floor « 710 James Robertson
> ) 58 | September 2024
Parkway « Nashville, TN 37243 « tn.gov/education



TN

Advanced Manufacturing Machining and Welding Instructional Materials
Scoring Rubric

.Education

Table 8: Welding Il Alignment of Content

Directions:
e 0:The standard is not present within the material.
e 1:The standard is present within the material. The intent and/or frequency component of the standard is not fully met.
e 2: Arating of 2 indicates the standard is present and all aspects of the standard are fully met.

(e.g., horizontal, flat, vertical, overhead) conforming to American
Welding Society quality standards

7.2 Project: Complete assigned team projects that incorporate the
following welding processes to design, fabricate, evaluate, and test
products made in this course. For each project, produce a technical
report documenting illustrations, findings, and justifications for project
solutions. Compile photographs of each project, along with technical
documentation, into a portfolio of work.
a. Using the gas metal arc welding (GMAW) process and various
metal transfer methods (e.g., short-circuit, pulse-arc, and spray
transfer), demonstrate how to make a complete joint penetration
weld on plain carbon steel in all feasible positions (e.g., horizontal,
flat, vertical, overhead) conforming to American Welding Society
quality standards.

b. Using the flux cored arc welding (FCAW) process, demonstrate
how to make a complete joint penetration weld on plain carbon
steel in all feasible positions (e.g., horizontal, flat, vertical, overhead)
conforming to American Welding Society quality standards.

c. Using electrodes and the gas tungsten arc welding (GTAW)
process, demonstrate how to complete joint penetration welds on
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[ ]
plain carbon steel, stainless steel, and aluminum in all feasible

positions (e.g., horizontal, flat, vertical, overhead) conforming to
American Welding Society quality standards.
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