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PATHWAY:  
Engineering Graphics & Design
COURSE:  

3D Modeling and Analysis
UNIT 4: 

ENGR-MA-4 Fasteners & Springs
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Annotation: 
This unit presents basic information different types of fasteners. It also includes detailed information on how certain fasteners work, standardization of fasteners, and how to draw fasteners from schematics.  
Grade(s):  

	
	9th

	
	10th

	x
	11th

	x
	12th


Time:  
15 Hours
Author: 
Dr. Catherine Turner
Students with Disabilities:

For students with disabilities, the instructor should refer to the student's IEP to be sure that the accommodations specified are being provided. Instructors should also familiarize themselves with the provisions of Behavior Intervention Plans that may be part of a student's IEP. Frequent consultation with a student's special education instructor will be beneficial in providing appropriate differentiation.
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GPS Focus Standards: 
ENGR-MA-1
Students will draw fasteners using American National Standards Institute symbols.
a) Identify and describe various types of fasteners
b) Specify threads and fasteners on a technical drawing
c) Draw various types of threaded fasteners

ENGR-MA-2
Students will create production-ready drawings of parts.
a) Describe the various types of working drawings

b) Produce detail drawings
GPS Academic Standards:
ELA9RL5

The student understands and acquires new vocabulary and uses it correctly in reading and writing.

MM1P3

Students will communicate mathematically.

MM1P4

Students will make connections among mathematical ideas and to other disciplines.

SCSh4

Students will use tools and instruments for observing, measuring, and manipulating scientific equipment and materials.
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Enduring Understandings: 
A screw is a threaded cylinder. In a screw and nut pair, torque is converted into linear force. International and regional organizations work to establish check and affirm fastener industry standards. The pound and metric systems are used in most industrial nations.
Essential Questions: 
· How does a typical fastener function?
· What organizations monitor the standards used for fasteners?

· How do you determine the properties, fit, type or class of a fastener that is needed?

· How are fasteners classified?
· How can I tell what the fit and type of screw are from the callout or balloon information?
· Why is the process used to treat fasteners during manufacturing so important?

Knowledge from this Unit:  
Students will be able to: 
· Identify a variety of fasteners.
· Recognize the standards and organizations that monitor standards for fasteners.
· Interpret  the call-out on an assembly drawing for a fastener.
· Know the difference between the three types of drawings of fasteners.
· Analyze the differences between fit and types of fasteners.
· Define basic thread terminology.
· Specify different types of fasteners for technical drawings.
· Identify diameter, length and type needed to draw bolts and nuts.
Skills from this Unit:  
Students will:
· Diagram detailed, schematic and simplified representation of a screw thread.
· Produce detailed working drawings for fasteners.
· Illustrate proper methods for drawing other fasteners.
· Locate and label fasteners on assembly drawings.
· Draw schematic and phantom line representation of a spring.
· Select correct fastener for required assemblies.
· Write different thread notes.
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Assessment Method Type: 
	
	Pre-test

	x
	Objective assessment - multiple-choice, true- false, etc.

	
	__ Quizzes/Tests

__ Unit test

	x
	Group project

	x
	Individual project

	x
	Self-assessment - May include practice quizzes, games, simulations, checklists, etc.

	
	_x_ Self-check rubrics   

__ Self-check during writing/planning process

__ Lab Book
__ Reflect on evaluations of work from teachers, business partners, and competition judges

__ Academic prompts

__ Practice quizzes/tests

	x
	Subjective assessment/Informal observations

	
	__ Essay tests

_x_ Observe students working with partners

__ Observe students role playing

	x
	Peer-assessment  

	
	_x_ Peer editing & commentary of products/projects/presentations using rubrics

__ Peer editing and/or critiquing

	x
	Dialogue and Discussion

	
	_x_ Student/teacher conferences
_x_ Partner and small group discussions

_x_ Whole group discussions
__ Interaction with/feedback from community members/speakers and business partners

	
	Constructed Responses

	
	__ Chart good reading/writing/listening/speaking habits

__ Application of skills to real-life situations/scenarios

	x
	Post-test


Assessment Attachments and / or Directions: 
NONE
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•
LESSON 1: FASTENER BASICS

1.
Identify the standards. Standards should be posted in the classroom.

ENGR-MA-1
Students will draw fasteners using American National Standards Institute symbols.

a) Identify and describe various types of fasteners
b) Specify threads and fasteners on a technical drawing

c) Draw various types of threaded fasteners

ENGR-MA-2
Students will create production-ready drawings of parts.
a) Describe the various types of working drawings

b) Produce detail drawings
ELA9RL5

The student understands and acquires new vocabulary and uses it correctly in reading and writing.

MM1P3

Students will communicate mathematically.

MM1P4

Students will make connections among mathematical ideas and to other disciplines.

SCSh4

Students will use tools and instruments for observing, measuring, and manipulating scientific equipment and materials.
2.
Review Essential Questions. Post Essential Questions in the classroom. 
· How does a typical fastener function?
· What organizations monitor the standards used for fasteners?

· How do you determine the properties, fit, type or class of a fastener that is needed?

· How are fasteners classified?

3.
Identify and review the unit vocabulary. Terms may be posted on word wall.

	Rivet
	Cap screws
	Clearance Hole

	Cotter Pin
	Detailed Representation
	Fastener

	Galling
	Annealing
	Heat Treatment

	Austenitic
	Martensitic
	Ferritic

	External
	Internal
	Interchangeable

	Bolts
	Screws
	Nails

	Nuts
	Pitch
	Schematic representation

	Simplified representation
	Tolerance
	Washers

	Angle of thread
	Crest
	Lead

	Major Diameter
	Minor Diameter
	Permanent Fasteners

	Temporary Fasteners
	Pitch
	Root

	Set Screw
	Axis
	Pitch Diameter

	Depth of Thread
	Angle of Thread
	Series of Thread

	Threads per Inch
	Thread Relief
	Helix


**Teacher Notes: Prior to the lesson, the instructor needs to prepare 4 to 6 boards with at least 10 mounted types of screws with numbers written beside the screws. It would be better if each board had different types of screws. Also, copies of the accompanying Wikipedia Screw Fastener Information Handout need to be made with the boards.
4.
The lesson starts with a small-group activity in order to familiarize students with the various types of screws and bolts. 
5.
Students will be divided into the groups that equal the number of boards that were made (classroom size dependent).
6.
Students will use the Wikipedia Screw Fastener Information Handout and work together to identify the screws mounted on their boards on a separate piece of paper. Each choice must have justification or reasoning for the identification of the screw.

7.
In the last fifteen minutes of class, each group will share back with the rest of the class their results and reasoning.
8.
A Team Assignment Self Grading Rubric is provided for each group or team to generate a score for the project.
9.
Most bolts, nuts and screws come in standard fractions of an inch. 
· Give out note cards that are labeled with the following fractions: ¼, 5/16, 3/8, 7/16, ½, 9/16, 5/8, 11/16, ¾, 13/16, 7/8, and 15/16. 
· Have the students place themselves in the order of fractions from the lowest to the highest. These are the most common sizes for bolts, nuts and screws. 
10.
Have students answer the following question in 3 to 5 sentences: What do I really know about fasteners? 
11.
The Wikipedia Screw Fastener Information Worksheet is provided for either homework or the second time unit to fill in the blank from the Wikipedia reading handout. 

•
LESSON 2:  IDENTIFICATION OF FASTENERS & STANDARD ORGANIZATIONS 

1.
Review Essential Questions. 
· How can I tell what the fit and type of screw are from the callout or balloon information?
· There are 52 pages of images available on the Michigan Thread Images Handout for reference      that is useful to demonstrate various types of screws of fasteners. 
2.
Show Threads & Fasteners PowerPoint. 
· Students will learn about the different standards, standard overseeing organizations, and identification of screws.
3. 
Have students complete the Parts of a Screw/Thread Worksheet.

· Parts of a Screw/Thread Worksheet Answer Key is attached.
4.
Summary 
· Have the class discuss fasteners that are visible in the classroom.
•
LESSON 3: LEARNING TO USE A CATALOG TO IDENTIFY STANDARD FASTENERS

1. The Fastenal Technical Reference Guide Catalog Booklet is available as an attachment for printing, shared on a network or directory or server, placed on the desktop, or online. Students will use this booklet to answer the Fastenal Catalog Worksheet. Have students complete the missing words on the worksheet about information found in the catalog.
2. If time for grading is a constraint, you may choose to allow students to self-grade the worksheet by assigning the worksheet one day and then reviewing the correct answer the next.
3. Another option would be to assign the worksheet individually the first day and then allow students to work together on the second to discuss answers and to discover answers together.
4. In the field test class for this unit, few students were able to complete the longer reading and accompanying worksheet in one 50 minute block. It may work better to do Lesson 2 and then start Lesson 3 in the same time block and carry over to the next day.
•
LESSON 4: MATERIALS USED TO MAKE FASTENERS

1. Remind students from the Fastenal Technical Reference Guide Catalog Booklet that three types of materials are commonly used in fasteners: austenitic, martensitic, or ferritic.
2. Have Students complete the Materials Worksheet.

· They will decide which metal is best suited for the specified fastener. 
· Note the information is available in the Fastenal Technical Reference Guide Catalog Booklet.
•
LESSON 5: PROCESSING TREATMENT FOR MANUFACTURING THREADS & DRAWING FASTENERS

1.
Review Essential Questions. 
· Why is the process used to treat fasteners during manufacturing so important?

2.
Using the Fastenal Technical Reference Guide Catalog Booklet, students will write at least one paragraph that describes the processing treatment for manufacturing threads in their own words: galling, heat treatment, and annealing.  See Possible Answers for Metal Processing Treatments Handout as an example.
3.
Show Drawing Threaded Representation PowerPoint to demonstrate the techniques that may be used both manually and with drafting software. Remind students how to draw springs from the initial power point on fasteners: Schematic & with Phantom Lines
4.
Examples that may be given to the students to draw include (draw at least 5):

a. Draw a common screw thread and label all the parts of the thread.
b. Draw 1-9 UNC - 2A x 3 LG Hex Cap Screw

c. Draw ½ - 3 UNC – 2A x 3 LG Screw

d. Draw 5/8 – 18 UNF - 2B Hex Nut

e. Draw 3/8 – 24 UNF – 1A x 3 LG Screw

f. Draw 5/8 – 11 UNC – 2A x 2 ½ LG Screw

g. Draw ½ - 8 UNC – 2A X 2.50 LG Screw

h. Draw ¾ - 10 UNC – 2A x 4 LG Hexagonal Head bolt and nut

i. Draw 1 – 8 UNC – 2 x 3 LG Square bolt and nut

j. Since springs are nearly unique dependent on the circumstances, this is a great opportunity for the student to develop and draw an original spring for a product of their own choosing. 

5.
Have students use the AutoCAD Bolts & Nuts Handout when completing drawings.

6.
Pass out the Common Thread Callout Identification Handout to students to study, because it will be a part of the unit test.
•
ATTACHMENTS FOR LESSON PLANS:
Wikipedia Screw Fastener Information Handout

Team Assignment Self Grading Rubric

Wikipedia Screw Fastener Information Worksheet

Wikipedia Screw Fastener Information Worksheet Answer Key

Michigan Thread Images Handout

Threads & Fasteners PowerPoint
Parts of a Screw/Thread Worksheet
Parts of a Screw/Thread Worksheet Answer Key
Fastenal Technical Reference Guide Catalog Booklet
Fastenal Catalog Worksheet

Materials Worksheet

Possible Answers for Metal Processing Treatments Handout
Drawing Threaded Representation PowerPoint
AutoCAD Bolts & Nuts Handout
Common Thread Callout Identification Handout
•
NOTES & REFLECTION: 

Several resources are attached to assist the instructor at his or her own convenience. A CAD tutorial shows how to draw a solid screw in three dimensions. The attachment ‘Common Thread Callout Identification Handout” may be printed out and posted to assist students in remembering the callout sequence.  Advanced students that want to draw screws in three dimensions may review the attachments for several different software packages that contain tutorials in how to draw 3D screws. There are many different online sources and text book sources for fasteners. The instructor is advised to complete the unit by using problems either in the classroom textbook or online.
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Culminating Unit Performance Task Title: 
Unit Test
Culminating Unit Performance Task Description/Directions/Differentiated Instruction: 
Matching/short answer/fill in the blank- Follow directions on the test.
Attachments for Culminating Performance Task: 

Final Unit Test

Final Unit Test Answer Key
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Web Resources:
http://offbroadway.blogspot.com/2007/01/rhino-screw-thread-tutorial-draw-line.html- Rhino 3D Blog/How to Draw Screw
http://www.caddigest.com/subjects/autocad/tutorials/select/southworth_3d_screw.htm- Draw a 3D Screw in autoCAD

Materials & Equipment: 
· Presentation boards

· Note cards

· Box lids with screws
· Computers with engineering design software
· Computers with internet access
· Paper, Triangles and Rulers for manual drafting
· Projection Equipment
21st Century Technology Used: 
	x
	Slide Show Software
	
	Graphing Software
	
	Audio File(s)

	
	Interactive Whiteboard
	
	Calculator
	x
	Graphic Organizer

	
	Student Response System
	
	Desktop Publishing 
	x
	Image File(s)

	
	Web Design Software
	
	Blog
	
	Video

	
	Animation Software
	x
	Wiki
	
	Electronic Game or Puzzle Maker

	
	Email
	
	Website
	
	


[image: image8.jpg]



Engineering & Technology











	CTAE Resource Network
	3D Modeling & Analysis • Grades 11-12 • Unit 4
	Page 3 of 8



