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Recommended Teaching Time: 7.5 hours
This Lesson Plan (LP) is divided into sections that correspond to the sections in the Trainee Guide module. As you 
plan your class times, review the objectives, content, and lesson plan outline for the section you plan to teach. 
Allow sufficient class time for demonstrations, laboratories, field trips, and testing. Each class period should also 
include time for administrative tasks and periodic breaks.

Be sure to gather the required equipment, materials, visual aids, and answer keys. Using your access code, 
download the PowerPoint® presentations and Performance Sheets for this module from NCCER’s Instructor Re-
source Center at www.nccerirc.com. 

It is advisable to assign the reading of a module section prior to the classroom instruction. The Section Review 
and Module Review questions may be assigned as homework. At their discretion, instructors may assign addi-
tional homework to meet the teaching objectives.

For information and updates about accessing the Module Examinations, visit www.nccer.org/testing. The pass-
ing score for submission into NCCER’s Registry is 70% or above for the Module Exam. Record the testing results 
for each trainee on the Registration of Training Modules form and submit the form to the Training Program Spon-
sor.

Learning Objective 3
• Describe and demonstrate advanced trade-

related layout methods.
 a.  Draw the intersection of simple solids in 

three standard views.
 b.  Develop two-dimensional figures from the 

surfaces of three-dimensional objects.

Performance Tasks

 This is a knowledge-based module; there are 
no performance tasks.

Objectives

Learning Objective 1
• Describe and demonstrate measurement, scal-

ing, and geometric properties of simple geo-
metric figures.

 a.  Identify proper units and systems of 
measurement when measuring.

 b.  Demonstrate how to work with fractions and 
ratios, create proportions, and determine 
scale.

 c.  Identify simple plane and solid shapes, and 
how to calculate their surface areas.

 d. Describe and measure trade-related angles.

Learning Objective 2
• Describe and demonstrate basic drafting and 

layout methods.
 a.  Identify and demonstrate the use of essential 

drafting tools.
 b.  Describe the standard views of a technical 

drawing and their axes.
 c. Draw two-dimensional objects to scale.
 d.  Draw three-dimensional objects to scale in 

standard views.

Module 19212 reviews some basic arithmetic and geometric concepts applicable to the mechanical insulating 
craft. Building on these basic skills, trainees will also learn basic drafting and layout methods frequently used in 
the industry. 
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Classroom Equipment and Materials

Whiteboard 
Dry-erase markers
Writing instruments and paper
Basic drafting tools
PowerPoint® Presentations for Module 19212
LCD projector and screen
Computer with Internet access
Module Review answer key 
Module Examinations

Additional Resources
This module presents thorough resources for task training. The following reference material is recommended 
for further study.

NCCER Module 00102-15, Introduction to Construction Math.

NCCER Module 00105-15, Introduction to Construction Drawings.

NCCER Module 19201-18, Flexible Foam Insulation.

Triton College Drafting Standards Manual (PDF), Triton College. 2005. Available at
academics.triton.edu/faculty/fheitzman/Triton Drafting Standards Manual.pdf

Basic Drafting: A Manual for Beginning Drafters, Leland Scott. Second Edition. 2006. Bloomington, IN: Traf-
ford Publishing.

Instructors are also encouraged to locate additional audiovisual aids available on the internet, make personal vid-
eos, and take still pictures related to the subject matter and add them to the PowerPoint® presentations through-
out the program.
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Safety Considerations
The following safety considerations should be emphasized:

• Remind trainees that they must have the required PPE any time they are in the shop or job site 
environment.

Objective
When trainees have completed this lesson, they should be able to do the following:

 1.  Describe and demonstrate measurement, scaling, and geometric properties of simple geometric 
figures.
a. Identify proper units and systems of measurement when measuring.
b. Demonstrate how to work with fractions and ratios, create proportions, and determine scale.
c. Identify simple plane and solid shapes, and how to calculate their surface areas.
d. Describe and measure trade-related angles.

Kickoff Activity
Refer to the Section One PowerPoint® presentation Kickoff slide. Have the trainees offer suggestions for 
determining the areas and shapes of the various objects shown. Have them attempt to describe in some 
detail how they would go about obtaining the requested information.

Instructional Methods
Research has shown that varying instructional methods periodically throughout class sessions helps to 
engage and hold trainees’ attention. The PowerPoint® presentation that you received with this lesson 
plan is keyed to the sections of the Trainee Guide indicated below and has been designed for use with 
this lesson plan.

Section 1.0.0
Discuss the professional necessity to be able to quickly and accurately field-fabricate insulation. 
Introduce the review of basic measuring methods and math skills.

Section 1.1.0
Review the process of measuring, the need for measuring instruments, and the purpose for measuring 
units.

Briefly review the practice of using units that are convenient for the application.
Discuss the general characteristics of the Imperial (English) and metric measuring systems.

Section 1.2.0
Review how fractions can indicate proportional size and how this relates to assigning a scale to a model 
or drawing.

Discuss the significance of scale notation in creating, reading, and using scale drawings.

Section One

MeasureMenT, scaLe, and GeoMeTric FiGures
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MeasureMenT and GeoMeTry

Section One

Sections 1.3.0–1.3.2
Introduce the topic of naming and describing simple two- and three-dimensional shapes.

Review the names and parts of common polygons. Focus on quadrilaterals, since they are very 
common shapes encountered in the work area.

Review the properties of a circle and the names of its parts.

Review calculating the circumference of a circle.

Section 1.3.3
Review the methods and formulas for calculating areas of common polygons and circles.

Explain that being able to subdivide complex shapes that have no area formulas into a combination of 
basic shapes permits determining their areas.

Section 1.3.4
Discuss how many simple solid objects can be constructed from two-dimensional polygons.

Describe the method of computing the surface areas of simple prisms.

Describe the properties of a cylinder and how to calculate its side area.

Review the dimensions of spheres and hemispheres. Describe how to calculate their surface areas.

Section 1.3.5
As a classroom exercise, assign one or more of the study problems provided in this section as a practical 
review of the topics presented. Alternatively, you may assign them as homework to be reviewed as part 
of Section Two. Step-by-step solutions to the study problems are found at the end of this lesson plan.

Section 1.4.0
Review the definition of a geometric angle and its measure.

Define and review important angles and angle relationships encountered in the trade.

Discuss the instruments likely to be used to measure angles at the work site.

Wrap Up Activities
Go over the 1.0.0 Section Review as a group exercise.
Spot-check trainee knowledge of the topics presented in this section. Draw some random triangles 
on the board and have trainees classify them, or write down angle measures and ask for their 
complement/supplement. Work through some brief area problems involving quadrilaterals, triangles, 
and circles.
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Safety Considerations
This module is designed for classroom instruction. As a result, safety considerations are typically 
limited to that environment. However, it’s important to ensure that trainee instructors comply with any 
safety guidelines and policies of the host organization and facility.

Objectives
When trainees have completed this lesson, they should be able to do the following:

 2. Describe and demonstrate basic drafting and layout methods.
a. Identify and demonstrate the use of essential drafting tools.
b. Describe the standard views of a technical drawing and their axes.
c. Draw two-dimensional objects to scale.
d. Draw three-dimensional objects to scale in standard views.

Kickoff Activity
Access the YouTube video “Introduction To Engineering Drawing,” (EzEd Channel—6:21 minutes). 
This video introduces the concepts of technical drawing and the tools of the trade.

Be sure to prescreen this and other videos to verify that they follow accepted safety practices and follow 
methods accepted in the industry. At the conclusion of the video program, ask the trainees if they have 
any questions regarding safety practices or methods, if applicable.

Instructional Methods
Research has shown that varying instructional methods periodically throughout class sessions helps to 
engage and hold trainees’ attention. The PowerPoint® presentation that you received with this lesson 
plan is keyed to the sections of the Trainee Guide indicated below and has been designed for use with 
this lesson plan.

ManuaL draFTinG and LayouT MeThods

Section Two
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Section Two

ManuaL draFTinG and LayouT MeThods

Sections 2.0.0–2.1.2
Introduce how drafting skills relate to insulating work in the field.

Provide an overview of the basic drafting tools and the essentials of a useful field sketch.

Describe common trade-related drafting tools and how they are used at the work site. These include the 
following:

Tape measure
Calipers
Metal ruler
T-square
Layout compass or beam compass
Divider
Marking instruments

Cover basic drafting tools used in an office or shop environment. These may include the following:

Drafting board or table 
T-square or pantograph drafting arm
Drafting triangles
French curves

Section 2.2.0
Discuss the differences between an illustration and a technical drawing.

Describe the three standard views in a scale technical drawing. Identify other views that may be 
necessary.

Explain the purposes of the three axes and how they define the viewing planes in a technical drawing.

Sections 2.3.0–2.3.3
Introduce the process for constructing a three-view technical drawing.

Describe the steps for constructing a scale drawing of a rectangle using standard drafting methods.

Teaching Tip
Trainees may not have any drafting experience, so be sure to take the time to go through the illustrated 
steps provided in the Trainee Guide and in the Session PowerPoint® Presentation.

Describe the steps for constructing a scale drawing of a triangle.

Briefly describe drawing a scale circle.

Sections 2.4.0–2.4.1
Introduce the objective of creating scale technical drawings of 3D objects and the limitations of three-
view drawings.

Describe the construction of a three-view scale drawing of a rectangular prism using standard drafting 
methods.
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Teaching Tip
Assign the Think About It—Three-View Drawing of a Hollow Cylinder exercise as optional homework 
or to be completed in the classroom. The answer can be found at the end of this lesson plan. Be sure to 
review the drawings submitted by your trainees to identify any conceptual misunderstandings.

Section 2.4.2
Describe the basic structure of a pipe elbow and define long- and short-radius elbows.

Describe the procedure for determining the type of pipe elbow.

Step-by-step, cover the process of creating a three-view scale drawing of a 45-degree welded pipe 
elbow.

Wrap Up Activities
Go over the 2.0.0 Section Review as a group exercise.

Go over the concepts of Section Two with trainees. Spot-check their understanding of basic drafting 
methods for constructing perpendicular lines, drafting standard angles, and determining scale sizes of 
features.

MnauaL draFTinG and LayouT MeThods

Section Two





Module 19212 Trade Math and Layout 7

Safety Considerations
This module is designed for classroom instruction. As a result, safety considerations are typically 
limited to that environment. However, it’s important to ensure that trainee instructors comply with any 
safety guidelines and policies of the host organization and facility.

Kickoff Activity
Refer to the Kickoff Activity slides in the Section Three PowerPoint® presentation. Ask your trainees 
how they would go about insulating a valve, a wye, or a reducer. Get them thinking about the basic 
shapes involved and the shape of the seams between the pieces of sheet insulation materials they might 
use.

Objective
When trainees have completed this lesson, they should be able to do the following:

 3 Describe and demonstrate advanced trade-related layout methods.
a. Draw the intersection of simple solids in three standard views.
b. Develop two-dimensional figures from the surfaces of three-dimensional objects.

Instructional Methods
Research has shown that varying instructional methods periodically throughout class sessions helps to 
engage and hold trainees’ attention. The PowerPoint® presentation that you received with this lesson 
plan is keyed to the sections of the Trainee Guide indicated below and has been designed for use with 
this lesson plan.

Sections 3.0.0–3.1.0
Introduce examples of complex shapes that can be encountered in mechanical insulating work.

Discuss the situations where insulators may have to fabricate their own custom coverings for pipe and 
duct fittings.

Explain how tees, wyes, laterals, reducers, and elbows are all examples of the intersections of basic 3D 
solid shapes.

Section Three

advanced draFTinG and LayouT
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advanced draFTinG and LayouT

Section Three

Section 3.1.1
Describe the geometry of wyes and tees in piping systems.

Define the property of symmetry and how it is determined.

Explain how the principle of symmetry can simplify the development of insulation covers for 
symmetrical pipe fittings.

Discuss the step-by-step process for drawing the intersection seam of a wye junction of two cylinders in 
three standard views.

Review how the auxiliary view is used when some aspect of an object’s geometry is not parallel to one 
of the standard views.

Remind trainees it is a good practice to erase all construction lines, leaving only the object in three 
views.

Describe the geometry of the intersection of two equal-sized cylinders. Briefly explain the differences 
when the branch cylinder is smaller.

Teaching Tip
Assign the Think About It—Three Standard Views of a 60-Degree Pipe Wye exercise as optional 
homework or to be performed in the classroom. The answer can be found at the end of this lesson plan. 
Reviewing the drawings submitted by your trainees will be helpful to measure their progress.

Section 3.1.2
Explain the approach to take when analyzing the shape of a wye in a rectangular duct.

Note that the process may have to be modified for specific examples found at the worksite.

Show how symmetry simplifies the layout process.

Sections 3.2.0–3.2.2
Introduce the concept of surface development—converting the surfaces of 3D objects into flat, 2D 
shapes.

Describe the development of the side surface of a cylinder.

Describe the process to develop the side surface of cone.

Teaching Tip
If your schedule permits, review the material in the On Site: Duct Reducers feature, even though the 
material isn’t testable. It will help trainees see how the previous material is relevant to their work.

Section 3.2.3
Discuss the development of the surfaces and intersecting seams of two cylinders.

Follow the steps provided in the Trainee Guide, referring to the associated PowerPoint® slides.
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advanced draFTinG and LayouT

Section Three

Teaching Tip
Assign the Think About It—Develop the Intersection of a Pipe Tee exercise as optional homework or to 
be performed in the classroom. The answer can be found at the end of this lesson plan.

Wrap Up Activities
Go over the 3.0.0 Section Review as a group exercise.

Review the answers with the class and clear up any misconceptions or misunderstandings before 
proceeding.
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Module Review
Ask the trainees if they wish to review any particular information from the module. Have the trainees 
complete the Module Review at the end of the module. Alternatively, if the Module Review was 
assigned as homework, have them retrieve their answers.

Review the answers to the Module Review prior to administering the module exam. Ask again if the 
trainees need clarification on any particular knowledge areas.

Examination 
Administer the module exam. As they begin, remind trainees that they must answer at least 70 percent 
of the questions correctly to pass the module exam.

Wrap Up Activities
Ask the trainees if there were any problem areas on the exam that they wish to discuss, and ask them 
to identify a favorite and least favorite part of this module. As an alternate or if time allows, briefly 
introduce the next topic in your planned teaching sequence.

Instructor
Record the testing results as required. The results for exams administered through online testing 
systems are recorded automatically in the Registry System.

ModuLe review and exaMinaTion
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Module 19212

Answer Keys

1.0.0 SECTION REVIEW

 Answer Section Reference Objective
 1. d  1.1.0  1a 
 2.  c  1.2.0 1b
 3.  a  1.3.1 1c
 4. d*  1.3.3 1c
 5. c*  1.3.4 1c
 6. b  1.4.0 1d

2.0.0 SECTION REVIEW

 Answer Section Reference Objective
 1. c  2.1.1 2a
 2. c  2.2.0 2b
 3. b  2.3.1 2c
 4. a  2.4.0 2d

3.0.0 SECTION REVIEW

 Answer Section Reference Objective
 1. b  3.1.1 3a 
 2. d  3.1.2 3a
 3. a  3.2.2 3b
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Module 19212

Answer Keys

 REVIEW QUESTIONS

 Answer Section Reference 
 1. b  1.1.0 
 2. d  1.2.0
 3. c  1.2.0
 4. a  1.3.2
 5. d  1.4.0
 6. c  1.4.0
 7. a  2.1.1
 8. c  2.2.0
 9. a  2.2.0
 10. b  2.3.2
 11. c  2.4.1
 12. b  2.4.2
 13. b  3.1.1
 14. c  3.2.1
 15. a  3.2.2
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Module 19212

Answer Keys

CALCULATIONS AND SOLUTIONS:

1.0.0 SECTION REVIEW

Question 4

Since there are 100 centimeters in a meter, multiply the length by 100 to convert to centimeters:

1.2 m × 100 = 120 cm

Using the appropriate formula, calculate the rectangle’s area:

Arectangle = LW
Arectangle = 120 cm × 20 cm
Arectangle = 2,400 cm2

The area is 2,400 cm2.

Question 5

The distance between the welds is the cylinder’s length, and the OD is its diameter. Use these values 
with the formula to find the surface area of the pipe:

Acylinder = LπD
Acylinder = 60 in × 3.14 × 10.75 in
Acylinder = 2,025 in2

The area is 2,025 cm2.
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Module 19212

Answer Keys

THINK ABOUT IT SOLUTIONS

Section 2.4.1 Think About It: Three-View Drawing of a Hollow Cylinder
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Section 3.1.1 Think About It: Three Standard Views of a 60-Degree Pipe Wye
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Module 19212

Answer Keys

Section 3.1.1 Think About It: Develop the Intersection of a Pipe Tee
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NCCER makes every effort to keep its textbooks up-to-date and free of technical errors. We 
ap pre ci ate your help in this process. If you find an error, a typographical mistake, or an in-
ac cu racy in NCCER’s curricula, please fill out this form (or a photocopy), or complete the on-
line form at www.nccer.org/olf. Be sure to include the exact module ID number, page num-
ber, a detailed description, and your recommended cor rec tion. Your input will be brought 
to the attention of the Authoring Team. Thank you for your assistance.

Instructors – If you have an idea for improving this textbook, or have found that additional 
materials were necessary to teach this module effectively, please let us know so that we may 
present your suggestions to the Authoring Team.

NCCER Product Development and Revision
13614 Progress Blvd., Alachua, FL 32615

Email: curriculum@nccer.org
Online: www.nccer.org/olf
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