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I. COURSE DESCRIPTION IN ABET FORMAT 

 

II. ASSESSMENT RESULTS FOR CURRENT AND PAST THREE PERIODS 

Program Outcomes Assessed in Course 

Assessment Summary of Class Semester Averages for Outcomes          

End of Semester Course Outcomes Assessment Reports 
 

III. EXAMS  

Summary of Topics covered by Exams   

Original Test Questions & Master Solution/grading scheme used   

(Summary of topics can be a separate page or include on the assignment itself) 

  Above Average  (Graded original work) 

  Average       (Graded original work) 

  Below Average  (Graded original work) 
 

IV. QUIZZES 

Summary of Topics covered by Quiz  

Original Quiz Questions & Master Solution/grading scheme used   

  Above Average  (Graded original work) 

  Average       (Graded original work) 

  Below Average  (Graded original work) 
 

V. HOMEWORK ASSIGNMENTS 

Summary of Topics covered by Homework  

Original Homework Questions & Master Solution/grading scheme used   

    Above Average  (Graded original work) 

  Average       (Graded original work) 

  Below Average  (Graded original work) 
 

VI. PROJECT 

      Summary of Topics Covered by Project 

      Project Problem Statement and Grading Scheme 

   Above Average  (Graded original work) 

  Average       (Graded original work) 

  Below Average  (Graded original work) 

 

[Include any other evaluation used and omit any method above method (Test, Quizzes, 

Homework, Laboratory and Project reports) that was not used] 

 

 

 

 



Course Description in ABET Format  
 

1. Course number and name: MCEG 3303 MANUFACTURING PROCESSES 

 
2. Credits and contact hours: 3 credit hours; 3 contact hours 

*  Subject Area: Engineering Topics 

3. Instructor’s or course  

coordinator’s name: 

 

Dr. Lai Jiang 

 
4. Text book:  

                  Title: 

 

Fundamentals of Modern Manufacturing: Materials, 

Processes, and Systems  
                   Author: Groover, Mikell P.  
                   Publisher, Year & Edition: John Wiley & Sons Inc., New York, NY. 2016, 6th Edition 

 
  a. Other Supplemental material N/A 

 

5. Specific course information  
 a. Brief description of the content of the 

course (catalog description) 

This course provides the concepts for the conversion of 

materials into products. It includes measurement and 

quality assurance, and processes of casting, forming, 

material removal, and joining. In addition, it involves the 

study of computer numerical control machines, 

manufacturing systems, and automation.  
 b. Prerequisites or  

     Co-requisites 

MCEG 2303, Materials Science and Engineering 

MCEG 3103, Manufacturing Processes Lab 
 c. ** Indicate whether a required, elective, 

or selected elective (as per definition 

provided) course in the program 

 

Required 

6. a. Specific goals for the course specific 

outcomes of instruction (e.g., The 

student will be able to explain the 

significance of current research about a 

particular topic.)   

 

Students will be able to: 

 

b. Explicitly indicate which of the student outcomes 

listed in Criterion 3 or any other outcomes are 

addressed by the course.  

 

The specific goals for the course specific outcomes listed 

on the left column will address the following student 

learning outcomes: 

 1. Apply knowledge of different skills and 

techniques in the manufacturing of 

engineering products.  

 

Outcome 2 

An ability to apply engineering design to produce 

solutions that meet specified needs with consideration of 

public health, safety, and welfare, as well as global, 

cultural, social, environmental, and economic factor 

(including use of the techniques, skills, and modern 

engineering tools necessary for engineering practice). 

 

 2. Analyze operational procedures required 

to manufacture a part.  
 



 3. Use manufacturing literature and consult 

databases.  

 
 

Outcome 4 

An ability to recognize ethical and professional 

responsibilities in engineering situations and make 

informed judgements, which must consider the impact of 

engineering solutions in global, economic, environmental, 

and societal contexts. 

 

7 Brief list of topics to be covered 

 

Introduction, Manufacturing Processes               (3 hours) 

Mechanical Properties of Materials                     (3 hours) 

Dimensions, Surfaces, and their Measurement   (1.5 hours) 

Metal Machining                                                 (3 hours) 

Machining Operations and Machine Tools         (3 hours) 

Cutting-tool Technology                                     (3 hours) 

NC Codes for CNC Milling                                (3 hours) 

Shaping Processes for Plastics                            (3 Hours)   

Rapid Prototyping                                               (3 hours) 

Bulk Deformation Processes in Metal Working (4.5 hours) 

Sheet Metalworking                                            (3 hours) 
 

 

*  For all Engineering programs, indicate subject area from the following: Math, Basic science, Engineering topic or Other 

** Required courses are required of all students in the program, elective courses (often referred to as open or free electives) are 
optional for students, and selected elective courses are those for which students must take one or more courses from a specified 

group 
  



 
II ASSESSMENT RESULTS FOR CURRENT AND PAST THREE PERIODS 

 

 

Program Outcomes Assessed in this course  
 

Outcome 2:    

An ability to apply engineering design to produce solutions that meet specified needs with 

consideration of public health, safety, and welfare, as well as global cultural, social, environmental, 

and economic factor.   
 

Outcome 4:  

An ability to recognize ethical and professional responsibilities in engineering situations and make 

informed judgements, which must consider the impact of engineering solutions in global, economic, 

environmental, and societal contexts.    
   

Assessment Summary of Class Semester Averages for Outcomes 

(Should be provided for Spring 2020 through Fall 2021 Assessment Period) 
 

Outcomes 2 4 

Semester 
Semester Class 

Average (%) 
Semester Class 

Average (%) 

 
Fall 2021 

 
  76.4 

 
Spring 2021 

 
70.9   

 
Spring 2020 

 
  66.4 

Comments 
on Trend of 

Data 
(Improving or 
deteriorating) 

The average for this 

outcome has been above 

70% in the evaluation 

period. 

 

The low average of this outcome was 

mainly due to the COVID-19 pandemic 

and the online education mode. The 

instructor emphasized the importance 

of technical writing skills and also how 

the project reports’ grades can improve 

their overall grades. The problem has 

been be fixed, with the performance 

from Fall 2021 significantly improved.  

 

*Expected Semester Class Average    = 70% (or as defined by the program) 

                Ideal Semester Class Average           = 75% (or as defined by the program) 
 



 

End of Semester Course Assessment Reports 

   Fall 2021 and Last Three Assessment Periods. 
 

Each summary contains the following Information 
  

1.  Performance Statistics 
• Total number of students in class 

• The class average performance (stated as %) in each course outcome assessed in this 

class and the two previous times course was assessed.  

• The acceptable class average for the class in each outcome area as set by your 

department.  

• Percentage of students who scored below the expected average in each outcome. 
 

2.  Implementation Summary 
• Brief summary of plans implemented during the semester based on last assessment 

report 
 

3.  Perceived Problems 
• Instructor’s critical evaluation of perceived problems that affected students’ 

performance. Realistic problems should be identified throughout the semester and 

summarized in this section of the report. 
 

4.  New Plans for Addressing Problems 
• Instructor’s plans for addressing the perceived problems the next time the class is 

taught. These should be specific enough for another instructor to implement. Most of 

these should be things that, you, the instructor can implement to help students to 

improve. Be creative. 
 

5.  Overall Trend over last three assessment periods 

• Instructors summary of overall performance trend for each outcome measured over 

the last three periods. 
 

5.  Were Expectations Met? 

• Answer YES if the class average was above the expected average and the stated 

percentage of students scored at or above the expected average, else answer NO. 



Table 2.1 END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT 

MCEG 3303-Y01 MANUFACTURING PROCESSES 

FALL 2021 SEMESTER 

  Report Prepared by: Dr. Lai Jiang 

  Report Date: Dec. 12, 2021 
 

 

 

 

Semester 

 

 

 

Analysis 

Type 

 

 

 

Number of 

Students 

Outcome 2 

An ability to apply engineering design to produce solutions that 

meet specified needs with consideration of public health, safety, 

and welfare, as well as global cultural, social, environmental, 

and economic factor.   

Outcome 4 

An ability to recognize ethical and professional responsibilities 

in engineering situations and make informed judgements, 

which must consider the impact of engineering solutions in 

global, economic, environmental, and societal contexts.   

Expected Average Class Average 

% Students 

Above Expected 

Average 

Expected Average Class Average 

% Students 

Above Expected 

Average 

Fall 2021 Direct 9    70 76.4 77.8 
Spring 2021 Direct 19 70 70.9 37    
Spring 2020 Direct 25    70 66.4 45.5 

 

Implementation 

Summary 

  

1. Detailed Class slides were prepared from the textbook and 

made available through eCourses.  

2. Similar example problems were solved in the lecture.  

 

 

1. Related course materials were posted on eCourses. 

2. Detailed project requirements were covered in class. 

 

 

Perceived Problems 

 
 

1. The students’ ability in understanding and utilizing the 

knowledge learned in class needs to be improved.       

2. Some students can come up with a good design idea or 

topic, but cannot express those in a clear and logical 

manner.      
 

 

 

1. Students had problems with the typical essay formats. 

2. Students had problems with the citation format. 

 

Plans for 

Addressing 

Problems 

 
 

1. Further enforce class attendances and make sure more students 

can practice with example problems. 

2. Give students more design examples so they could refer to a 

good one and then proceed with their own design. 

 
 

An example essay will be provided to students as a reference in 

following the right format.  
 

 

Overall Trend over 

Periods 

  

Class average is above the expected average, but the % of 

students above expected average is too low.  

 

There was a huge improvement in the students’ performance 

comparing to the evaluation results obtained from Spring 2020.   

 

 

Were Expectations 

Met? 

Average≥70%? 

and  

≥70% students 

above avg.? 

NO YES 

 



 

 

 

 

 

 

MANUFACTURING PROCESSES 

FALL 2021 

 

        

 

Title of Assignment: Midterm Exam 

 

TOPICS COVERED 

 

  

Chapter 1. Introduction 

Chapter 3. Mechanical Properties of Materials 

Chapter 5. Dimensions, Surfaces, and their Measurement 

Chapter 10. Fundamentals of Metal Casting 
Chapter 20. Metal Machining 

Chapter 21. Machining Operations and Machine Tools 

Chapter 22. Cutting-tool Technology 
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MANUFACTURING PROCESSES 

Fall 2021 

 

        

Title of Assignment: Final Exam 

 

TOPICS COVERED IN FINAL EXAM 

 

 The Final Exam covered the following topics: 

 

Chapter 11. Metal Casting and its Processes 
NC Codes for CNC Milling 

Chapters 9 & 14. Composite Materials and its Solidification Processes 

Chapter 18. Bulk Deformation Processes in Metal Working 

Chapter 19. Sheet Metalworking 

Chapter 32. Rapid Prototyping 
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MANUFACTURING PROCESSES 

FALL 2021 

 

        

 

Title of Assignment: Quiz 1 

 

TOPICS COVERED IN QUIZ 1 

 

  

Chapters 1, 3, 5 

 

 

 

 

 

  



Quiz 1 Solutions 

 

1. What are the definitions of the three classifications of manufacturing industries? Give an 

example of each of them.  

Primary Industries: cultivate and exploit natural resources 

ex) Agriculture 

Secondary Industries: take the outputs of the primary industries and convert them into consumer 

goods 

ex) Electronics manufacturing 

Tertiary Industries: constitute the service sector  

ex) Banking services 

 

2. What are the different plant layouts introduced in this course? What production quantities can 

they be implemented, respectively?  

 

Fixed-position plant layout: good for low production quantity 

Processes plant layout: good for medium to high prodcution quantities 

Cellular plant layout: good for medium to high production quantities 

Product plant layout: good for high production quantity 

 

3. What is the definition of the viscosity of a fluid? And how to you determine whether a fluid is 

Newtonian? 

 

Viscosity is the fluid’s resistance to flow. It is a measure of internal friction when velocity 

gradients are present in the fluid.  

 

When the fluid’s viscosity is a constant.  

 

4. What is tolerance stack-up? How to you avoid this phenomenon in creating an engineering 

drawing? 

 

The cumulative effect of individual tolerances on specified dimensions. Using Baseline 

dimensioning minimizes large tolerance stack-up 
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Quiz 1 Results for Aniya Facion  
Score for this attempt: 38.5 out of 40 
Submitted Sep 17 at 11:32pm 
This attempt took 19 minutes. 
  
Question 1 

Question Score 10  / 10 pts 

What are the definitions of the three classifications of manufacturing industries? Give an 
example of each of them.  
Your Answer: 

The three classifications of manufacturing industries are: Primary, Secondary and 
Tertiary.  
Primary are things that are farmed or mined, like fishing and quarries. Secondary are 
things you can buy commercially or good for commercial use, like electronics and 
textiles. Lastly, tertiary are services, like education and tourism. 

  
Question 2 

Question Score 8.5  / 10 pts 

What are the different plant layouts introduced in this course? What production 
quantities can they be implemented, respectively?  
Your Answer: 

There are 4 types of plant layouts introduced in this course. Fixed-position plant layout, 
this implement slow production of 1~100/yr. Process plant layouts and cellular plant 
layouts and applications that can be used for medium production of 100~10,000/yr. 
Production plant layout is implied when a high production rate of 10,000~1,000,000 and 
up/yr is the goal. 

  
Question 3 

Question Score 10  / 10 pts 

What is the definition of the viscosity of a fluid? And how to you determine whether a 
fluid is Newtonian? 
Your Answer: 

Viscosity is a measure of internal frictions when velocity gradients are present in the 
fluid. When a fluid is not affected by its flow rate and remains constant, that it is 
Newtonian. 

  
Question 4 

Question Score 10  / 10 pts 

What is tolerance stack-up? How to you avoid this phenomenon in creating an 



engineering drawing? 
Your Answer: 

Tolerance stack up is the combined effect of individual tolerances on specified 
dimensions. To help avoid this, baseline dimensioning minimizes the chance of large 
tolerance stack-ups. 
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Quiz 1 Results for Rickya Jones  
Score for this attempt: 27.5 out of 40 
Submitted Sep 17 at 10:53pm 
This attempt took 20 minutes. 
  
Question 1 

Question Score 10  / 10 pts 

What are the definitions of the three classifications of manufacturing industries? Give an 
example of each of them.  
Your Answer: 

Primary Industry: Cultivate and exploit natural resources 

                     Example: Mining 

Secondary Industry: Take the outputs of the primary industry and convert them into 
consumer and capital good 

                     Example: Wood and Furniture 

Tertiary Industry: Service Industry 

                    Example: Real Estate 

  

Question 2 

Question Score 2.5  / 10 pts 

What are the different plant layouts introduced in this course? What production 
quantities can they be implemented, respectively?  
Your Answer: 

Process Plant Layout: They have a batch production. This means that they do medium to 
hard product variety and require setups between batches.  

Cellular Plant Layout: They have cellular manufacturing. This means that they do soft 
product variety and do not need setups because the worker cells are organized to 
process parts between different part styles. 

  
Question 3 

Question Score 10  / 10 pts 



What is the definition of the viscosity of a fluid? And how to you determine whether a 
fluid is Newtonian? 
Your Answer: 

Viscosity: Fluid's resistance to flow 

You can determine if a fluid is Newtonian if the viscosity is constant.  

  
Question 4 

Question Score 5  / 10 pts 

What is tolerance stack-up? How to you avoid this phenomenon in creating an 
engineering drawing? 
Your Answer: 

Tolerance Stack-up: The cumulative effect of individual tolerances on specified 
dimensions 
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Quiz 1 Results for Devan Mitchell  
Score for this attempt: 23 out of 40 
Submitted Sep 19 at 10:04am 
This attempt took 17 minutes. 
  
Question 1 

Question Score 8  / 10 pts 

What are the definitions of the three classifications of manufacturing industries? Give an 
example of each of them.  
Your Answer: 

Primary: Mining, Agriculture  

Secondary: Converting the output of primary industries into consumer and capital goods  

Tertiary: Service industry 

  
Question 2 

Question Score 0  / 10 pts 

What are the different plant layouts introduced in this course? What production 
quantities can they be implemented, respectively?  
Your Answer: 

I am not sure what the question means but I would assume that it is referring to real 
plant life as you introduce in the lecture on the first class meeting as in cutting wood 
down and taking it through the manufacturing process to make a wood table so it could 
also do the same about wheat and taking it through the manufacturing process and 
making bread for consumers  

  
Question 3 

Question Score 10  / 10 pts 

What is the definition of the viscosity of a fluid? And how to you determine whether a 
fluid is Newtonian? 
Your Answer: 

Viscosity: Measurement of the shear stress of a fluid. You know a fluid is Newtonian 
fluid because the viscosity is not affected by the shear rate 

  
Question 4 

Question Score 5  / 10 pts 

What is tolerance stack-up? How to you avoid this phenomenon in creating an 



engineering drawing? 
Your Answer: 

Tolerance stack-up is the process of adding tolerances together before manufacturing in 
order to understand their cumulative effect on part production. Also, you can use 
Baseline dimensioning to prevent excessive tolerance stack  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

MANUFACTURING PROCESSES 

Fall 2021 

 

        

 

Title of Assignment: Quiz 2 

 

TOPICS COVERED 

 

  

 

Chapters 20, 21 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Quiz 2 Solutions 

 

1. Please list the names of the three most important machining operations. What classifications of 

cutting tools do they use, respectively?  

▪ Turning: Single-Point Tools 

▪ Drilling: Multiple Cutting Edge Tools 

▪ Milling: Multiple Cutting Edge Tools 

 

2. In the orthogonal cutting model, what are the equivalent parameters of cutting feed and cutting 

depth in a turning operation, respectively?  

Chip thickness before cut and Width of cut. 

 

3. 

  
 

Name of the 

machining 

process 

End milling Surface 

contouring 

Form turning Reaming 

 

4. How can external threads be produced? List three different methods.  

▪ Single-point thread cutting (lathe) 

▪ Threading dies 

▪ Self-opening threading dies 

▪ Thread milling 

▪ Thread rolling 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ABOVE AVERAGE  

 

 
 

  



Quiz 2 Results for Aniya Facion  
Score for this quiz: 40 out of 40 
Submitted Oct 1 at 11:43pm 
This attempt took 15 minutes. 
  

Question 1 

Question Score 10  / 10 pts 

Please list the names of the three most important machining operations. What 
classifications of cutting tools do they use, respectively?  

Your Answer: 

There are three important machining operations: 

1) Turning- This is a single point cutting tool that removers materials from a rotating 
workpart to form a cylindrical shape.  

2) Drilling-This is used to create a round hole, usually by means of a rotating tool (drill 
bit) with two cutting edges. 

3)Milling- This is when rotating multiple-cutting-edge tools are moved across work to cut 
a plane or straight surface. There are two forms. 

  

Question 2 

Question Score 10  / 10 pts 

In the orthogonal cutting model, what are the equivalent parameters of cutting feed and 
cutting depth in a turning operation, respectively?  

Your Answer: 

Feed (f )= Chip thickness before cut (to) 

Depth (d) = Width of cut (w) 

  

Question 3 

Question Score 10  / 10 pts 

Picture of 

Machining 

Process 

    

                  



Name of the 

machining 

Process 

1. ________ 2. _______ 3. _______ 4. ________ 

Your Answer: 

1) End Milling 

2) Surface Contouring  

3) Form turning 

4) Reaming 

  

Question 4 

Question Score 10  / 10 pts 

How can external threads be produced? List three different methods.  

Your Answer: 

External threads can be produced by: 

1)Self-opening threading dies 

2)Threading die 

3)Single-point thread cutting tool (Lathe) 
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Quiz 2 Results for Caleb Tarver  
Score for this quiz: 27.5 out of 40 
Submitted Oct 1 at 11:49pm 
This attempt took 17 minutes. 
  

Question 1 

Question Score 10  / 10 pts 

Please list the names of the three most important machining operations. What 
classifications of cutting tools do they use, respectively?  

Your Answer: 

Turning - Single point tools 

Drilling- Multiple Cutting edge tools 

Milling - Multiple cutting edge tools 

  

Question 2 

Question Score 0  / 10 pts 

In the orthogonal cutting model, what are the equivalent parameters of cutting feed and 
cutting depth in a turning operation, respectively?  

Your Answer: 

secondary motion 

penetration of tool below original work surface 

  

Question 3 

Question Score 7.5  / 10 pts 

Picture of 

Machining 

Process 

    

                  

Name of the 

machining 

Process 

1. ________ 2. _______ 3. _______ 4. ________ 

Your Answer: 



1. Conventional face milling 

2. Surface contouring 

3. Form turning 

4. reaming 

  

Question 4 

Question Score 10  / 10 pts 

How can external threads be produced? List three different methods.  

Your Answer: 

Single-point thread cutting (lathe) 

Threading die 

Thread milling 
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Quiz 2 Results for Nassr Jawad  
Score for this quiz: 20 out of 40 
Submitted Oct 1 at 6:14pm 
This attempt took 20 minutes. 
  

Question 1 

Question Score 10  / 10 pts 

Please list the names of the three most important machining operations. What 
classifications of cutting tools do they use, respectively?  

Your Answer: 

1-turning 

2-drilling  

3-milling 

Turning uses single point tools 

Drilling and milling use rotating 
multiple cutting edge tools 

  

Question 2 

Question Score 0  / 10 pts 

In the orthogonal cutting model, what are the equivalent parameters of cutting feed and 
cutting depth in a turning operation, respectively?  

Your Answer: 

cutting feed = f 

depth = d  

  

Question 3 

Question Score 0  / 10 pts 

Picture of 

Machining 

Process 

    

                  



Name of the 

machining 

Process 

1. ________ 2. _______ 3. _______ 4. ________ 

Your Answer: 

1- 

2-mill 

3-chamferring 

4-turning 

  

Question 4 

Question Score 10  / 10 pts 

How can external threads be produced? List three different methods.  

Your Answer: 

External threads are made with the help of a threading die or die-stock 

methods are: 

Single point thread cutting (lathe) 
Threading die 
Self opening threading dies 

  



 

 

 

 

 

 

 

MANUFACTURING PROCESSES 

FALL 2021 

 

        

 

Title of Assignment: Quiz 3 

 

TOPICS COVERED 

 

  

 

Chapters 22, 10, 11 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Quiz 3 Solutions 

 

1. What are the different tool wear regions in the service life of a cutting tool? And what are the 

different factors that accelerate the wear rate of a cutting tool? 

▪ Break-in Period: sharp cutting edge wears rapidly at the beginning of its use (first few 

minutes) 

▪ Steady-state Wear Region: tool wear occurs at a fairly uniform rate 

▪ Failure Region: wear rate begins to accelerate again 

Factors increase the wear rate: 

▪ Increased hardness of work materials 

▪ Increased cutting speed (most important) 

▪ Increased cutting feed 

▪ Increased cutting depth 

 

2. What are the two main categories of metal casting processes, and how are they different from 

each other? Give an example casting process for each category. 

Expendable mold processes – the mold must be destroyed to remove the casting: sand casting, 

shell molding, investment casting, etc. 

Permanent mold processes – the mold can be reused to produce many castings: die casting, 

centrifugal casting, etc. 

 

3. What is a riser in a sand mold? How can you classify risers in two different ways?  

Reservoir in the mold which is a source of liquid metal to compensate for shrinkage of the part 

during solidification. Sider riser and top riser or open riser and blind riser.  

 

4. What are the different types of molds used in sand casting? What are their characteristics, 

respectively? 

Green‑sand mold, dry-sand mold, and skin-dried mold.  
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Quiz 3 Results for Nassr Jawad  
Score for this quiz: 40 out of 40 
Submitted Oct 15 at 1:51pm 
This attempt took 19 minutes. 
  

Question 1 

Question Score 10  / 10 pts 

What are the different tool wear regions in the service life of a cutting tool? And what are the different 
factors that accelerate the wear rate of a cutting tool?  
Your Answer: 

1-Break in Period 

2-Steady state Wear Region 

3-Failure Region 

The Factors that increase the wear rate 
 
-Increased hardness of work materials 
 
-Increased cutting speed (most 
 
-Increased cutting feed 
 
-Increased cutting depth 

  

Question 2 

Question Score 10  / 10 pts 

What are the two main categories of metal casting processes, and how are they different from each other? 
Give an example casting process for each category. 
Your Answer: 

1-Expendable mold processes: mold is sacrificed to remove 
part 

eg: shell modeling 

2-Permanent mold processes: mold is made of metal and 
can be reused 

eg: Die casting 

  

Question 3 



Question Score 10  / 10 pts 

What is a riser in a sand mold? How can you classify risers in two different ways?  
Your Answer: 

Riser: is a Reservoir in the mold which is a source of liquid metal to 
compensate for shrinkage of the part during solidification 

classify riser 

Side riser: Attached to the side of casting through a channel 
 
Top riser: Connected to the top surface of the casting 

or  

Open riser: Exposed to the outside at the top surface of cope 
 
Blind riser: Entirely enclosed within the mold. 

  

Question 4 

Question Score 10  / 10 pts 

What are the different types of mold used in sand casting? What are their characteristics, respectively?  
Your Answer: 

1- Green sand mold: its characteristic 

 a mixture of sand, clay, and water 
 
“Green” means mold contains moisture at the time of pouring 
 
Moisture causes defects in some castings 

2- Dry sand mold: its characteristic 

organic binders rather than clay 
 
Mold is baked in the oven to improve strength 
 
More expensive, reduced production rate 

3- Skin dried mold: its characteristic 



drying mold cavity surface of a 
green sand mold to a depth of 10 ~ 25 mm, using torches 
or heating lamps 
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Quiz 3 Results for Devan Mitchell  
Score for this quiz: 32 out of 40 
Submitted Oct 15 at 8:59pm 
This attempt took 14 minutes. 
  

Question 1 

Question Score 6  / 10 pts 

What are the different tool wear regions in the service life of a cutting tool? And what are the different 
factors that accelerate the wear rate of a cutting tool?  
Your Answer: 

Break-in Period: Sharp cutting edge wears rapidly at the beginning of its use 

Steady-state Wear Region: Tool wear occurs at a fairly uniform rate 

Failure Region: Wear rate begins to accelerate again (Temperature Failure) 

  

Question 2 

Question Score 10  / 10 pts 

What are the two main categories of metal casting processes, and how are they different from each other? 
Give an example casting process for each category. 
Your Answer: 

Expendable Mold Processes- The mold must be destroyed to remove the casting. Ex. 
sand, plaster 

Permanent Mold Processes- The mold can be reused to produce many casting. Ex. a 
ceramic refractory material 

  

Question 3 

Question Score 6  / 10 pts 

What is a riser in a sand mold? How can you classify risers in two different ways?  
Your Answer: 

The riser must be designed to freeze after the main casting in order to satisfy its 
function: 

Side (Attached to the side of casting through a channel) or Top ( Connected to the top 
surface of the casting) Riser or Open ( Exposed to the outside at the top surface of 
cope) or Blind (Entirely enclosed within the mold) Risers 

  

Question 4 

Question Score 10  / 10 pts 



What are the different types of mold used in sand casting? What are their characteristics, respectively?  
Your Answer: 

Green-sand mold: a mixture of sand, clay, and water 

Dry-sand mold: organic binders rather than clay 

Skin-dried mold: drying mold cavity surface of a green-sand mold to a depth of 10 ~ 25 
mm, using torches or heating lamps 
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Quiz 3 Results for Idris Agboola  
Score for this quiz: 22 out of 40 
Submitted Oct 15 at 9:52pm 
This attempt took 20 minutes. 
  

Question 1 

Question Score 6  / 10 pts 

What are the different tool wear regions in the service life of a cutting tool? And what are the different 
factors that accelerate the wear rate of a cutting tool?  
Your Answer: 

▪ Crater wear – occurs on top rake face 
▪ Flank wear – occurs on side of tool 
(flank or relief face) 

  

Break-in Period: sharp cutting edge wears rapidly at the 
beginning of its use (first few minutes) 
▪ Steady-state Wear Region: tool wear occurs at a fairly 
uniform rate 
▪ Failure Region: wear rate begins to accelerate again 
• Tool finally fails by temperature fail 

   

Question 2 

Question Score 6  / 10 pts 

What are the two main categories of metal casting processes, and how are they different from each other? 
Give an example casting process for each category. 
Your Answer: 

1. Expendable-mold processes: mold is sacrificed to remove 
part 
▪ Advantage: more complex shapes are possible 
▪ Disadvantage: production rates often limited by the 
time to make mold rather than casting itself  

 
2. Permanent-mold processes: mold is made of metal and 
can be reused 
▪ Advantage: higher production rates 
▪ Disadvantage: geometries are limited by the need to 
open the mold 



  

Question 3 

Question Score 10  / 10 pts 

What is a riser in a sand mold? How can you classify risers in two different ways?  
Your Answer: 

Reservoir in the mold which is a source of liquid metal to compensate for shrinkage of 
the part during solidification. 

  

Side riser: Attached to the side of casting through a channel 
▪ Top riser: Connected to the top surface of the casting 
OR 
▪ Open riser: Exposed to the outside at the top surface of cope 
▪ Blind riser: Entirely 
enclosed within the mold 

  

Question 4 

Question Score 0  / 10 pts 

What are the different types of mold used in sand casting? What are their characteristics, respectively?  
Your Answer: 

▪ Cope = upper half of mold 
▪ Drag = bottom half 
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FALL 2021 

 

        

 

Title of Assignment: Quiz 4 

 

TOPICS COVERED 

 

  

 

NC programing, Chapter 13 

 
  



Quiz 4 Solutions 

 

1. Write a block of CNC code to cut a 90⁰ counterclockwise arc from Point A (-5, 0) to Point B (0, 

5) at the feed rate of 10 in/min with a radius of 5 in.  

N010 G03 X0.0 Y5.0 R5.0 F10.0 

 

2. What is the difference between G90 and G91 in CNC programming? 

G90 is absolute coordinates and G91 is incremental coordinates 

 

3. What are the manufacturing processes introduced in this course that can be used for making 

thermoset plastic products? 

Compression molding, transfer molding, and rotational molding. 

 

4. What are the functions of the clamping unit of a molding machine? 

1) Holds two halves of mold in proper alignment with each other 

2) Keeps mold closed during injection by applying a clamping force sufficient to resist injection 

force 

3) Opens and closes mold at appropriate times in molding cycles  
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Quiz 3 Results for Nassr Jawad  
Score for this quiz: 40 out of 40 
Submitted Oct 15 at 1:51pm 
This attempt took 19 minutes. 
  

Question 1 

Question Score 10  / 10 pts 

What are the different tool wear regions in the service life of a cutting tool? And what are the different 
factors that accelerate the wear rate of a cutting tool?  
Your Answer: 

1-Break in Period 

2-Steady state Wear Region 

3-Failure Region 

The Factors that increase the wear rate 
 
-Increased hardness of work materials 
 
-Increased cutting speed (most 
 
-Increased cutting feed 
 
-Increased cutting depth 

  

Question 2 

Question Score 10  / 10 pts 

What are the two main categories of metal casting processes, and how are they different from each other? 
Give an example casting process for each category. 
Your Answer: 

1-Expendable mold processes: mold is sacrificed to remove 
part 

eg: shell modeling 

2-Permanent mold processes: mold is made of metal and 
can be reused 

eg: Die casting 

  

Question 3 



Question Score 10  / 10 pts 

What is a riser in a sand mold? How can you classify risers in two different ways?  
Your Answer: 

Riser: is a Reservoir in the mold which is a source of liquid metal to 
compensate for shrinkage of the part during solidification 

classify riser 

Side riser: Attached to the side of casting through a channel 
 
Top riser: Connected to the top surface of the casting 

or  

Open riser: Exposed to the outside at the top surface of cope 
 
Blind riser: Entirely enclosed within the mold. 

  

Question 4 

Question Score 10  / 10 pts 

What are the different types of mold used in sand casting? What are their characteristics, respectively?  
Your Answer: 

1- Green sand mold: its characteristic 

 a mixture of sand, clay, and water 
 
“Green” means mold contains moisture at the time of pouring 
 
Moisture causes defects in some castings 

2- Dry sand mold: its characteristic 

organic binders rather than clay 
 
Mold is baked in the oven to improve strength 
 
More expensive, reduced production rate 

3- Skin dried mold: its characteristic 



drying mold cavity surface of a 
green sand mold to a depth of 10 ~ 25 mm, using torches 
or heating lamps 
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Quiz 4 Results for Devan Mitchell  
Score for this quiz: 27 out of 40 
Submitted Nov 5 at 11:54pm 
This attempt took 11 minutes. 
  

Question 1 

Question Score 2  / 10 pts 

Write a block of CNC code to cut a 90⁰ counterclockwise arc from Point A (-5, 0) to 
Point B (0, 5) at the feed rate of 10 in/min with a radius of 5 in.  

Your Answer: 

N010 G03 X-5.0 Y0.0 I0.0 J5.0 F10 

  

Question 2 

Question Score 10  / 10 pts 

What is the difference between G90 and G91 in CNC programming? 

Your Answer: 

G90: absolute position command each dimension or 
the move is referenced from a fixed point, known as absolute zero 
 

G91: makes all subsequent commands incremental 

  

Question 3 

Question Score 7  / 10 pts 

What are the manufacturing processes introduced in this course that can be used for 
making thermoset plastic products? 

Your Answer: 

Compression Molding and Rotational Molding  

  

Question 4 

Question Score 8  / 10 pts 

What are the functions of the clamping unit of a molding machine? 

Your Answer: 

1. Holds 



2. Keeps mold closed  

3. Opens and closes mold 
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Quiz 4 Results for Christopher Nweke  
Score for this quiz: 22 out of 40 
Submitted Nov 5 at 8:48pm 
This attempt took 20 minutes. 
  

Question 1 

Question Score 2  / 10 pts 

Write a block of CNC code to cut a 90⁰ counterclockwise arc from Point A (-5, 0) to 
Point B (0, 5) at the feed rate of 10 in/min with a radius of 5 in.  

Your Answer: 

N05 G03 X-5. Y0 Z10 R6 

N10 G01 X0 . 5y 

  

Question 2 

Question Score 10  / 10 pts 

What is the difference between G90 and G91 in CNC programming? 

Your Answer: 

G90 – In the absolute position command, each dimension or 
move is referenced from a fixed point, known as ABSOLUTE 
ZERO (part zero). Absolute zero is usually set at the corner 
edge of a part, or at the center of a square or round part, or  

 or an 
existing bore 
 G91 – makes all  subsequent commands incremental 

  

Question 3 

Question Score 0  / 10 pts 

What are the manufacturing processes introduced in this course that can be used for 
making thermoset plastic products? 

Your Answer: 

 Injection Molding or curing induced by heat 

  

Question 4 

Question Score 10  / 10 pts 



What are the functions of the clamping unit of a molding machine? 

Your Answer: 

Hold or close a mold build force open mold and eject the parts. 
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Quiz 5 Solutions 

 

1. What are the three basic channel modes for rapid prototyping? List the names of 3D printing 

technologies introduced in this chapter that use the basic channel mode which takes the shortest 

time for creating one single layer.  

(a) Moving-point or moving-spot 

(b) Moving-line consisting of a linear array of spots that sweeps across the entire layer in one 

translational motion 

(c) Layer mode – uses a mask projection system, entire layer is created at the same time 

Mask Projection Stereolithography (MPSL), Laminated Object Manufacturing (LOM) 

 

2. What factors are related to the time a Selective Laser Sintering (SLS) 3D printer takes to finish 

a single layer? List all of them.  

          Ai = prototype cross-sectional area of layer i; 

          v = speed of the moving spot on the surface; 

          D = diameter of moving spot (assumed circular); 

          Tr = repositioning and recoating time between layers. 

 

3. What are the ways to reduce BOTH the rolling force and power in metal rolling processes?  

1) Use hot rolling instead of cold rolling to reduce strength and strain hardening (K and n) 

2) Reduce draft d in each pass 

3) Use smaller roll radius R 

 

4. What are the different types of metal extrusion process based on the metal flow direction? What 

are the differences between them? 

Direct Extrusion (Forward Extrusion): A ram forces the metal billet to flow through the die 

opening, and there is significant friction between work surface and container walls.  

Indirect Extrusion (Backward Extrusion, Reverse Extrusion): Die mounted to the ram, with 

lower ram force, no friction at the container walls.  
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Quiz 5 Results for Nassr Jawad  
Score for this quiz: 27 out of 40 
Submitted Nov 19 at 3:08pm 
This attempt took 20 minutes. 
  

Question 1 

Question Score 6  / 10 pts 

What are the three basic channel modes for rapid prototyping? List the names of 3D 
printing technologies introduced in this chapter that use the basic channel mode which 
takes the shortest time for creating one single layer.  

Your Answer: 

The three basic channel modes are: 

(a) 
Moving point or moving spot , e.g. laser or electron spot 
(b) 
Moving line consisting of a linear array of spots that sweeps 
across the entire layer in one translational motion 
(c) 
Layer mode uses a mask projection system , entire layer is 
created at the same time 

Powder 
based: Three Dimensional 
Printing (3DP) 

Molten Material: Fused Deposition 
Modeling (FDM) 

Molten Material: Droplet 
Deposition Manufacturing (DDM) 

Solid sheets: Laminated Object 
Manufacturing (LOM) 

  

Question 2 

Question Score 5  / 10 pts 

What factors are related to the time a Selective Laser Sintering (SLS) 3D printer takes to 
finish a single layer? List all of them.  

Your Answer: 



Time to complete a single layer in processes that use a 
moving line channel mode in s (sec): 
𝑇𝑖=𝐿𝑠𝑣𝑠+𝑇𝑟 
where 
L s = length of the sweep, mm ( 
v 
s = velocity of moving line, mm/s (in/ 
 
Time to complete a single layer in processes that use a 
layer channel mode in s (sec): 
T 
i = T ex + T r 
where 
T ex = exposure time for one layer, s (sec) 

  

Question 3 

Question Score 8  / 10 pts 

What are the ways to reduce BOTH the rolling force and power in metal rolling 
processes?  

Your Answer: 

1) 
Use hot rolling instead of cold rolling to reduce the strength 
and strain hardening ( K and n 
2) 
Reduce draft d in each pass 
3) 
Use smaller roll radius R 
4) 
Use lower rolling speed N to reduce power 

  

Question 4 

Question Score 8  / 10 pts 

What are the different types of metal extrusion process based on the metal flow 
direction? What are the differences between them? 

Your Answer: 

 
Direct vs. Indirect 

Hot vs. Cold 



 
Direct: A ram forces the metal billet to flow through the die opening 
 
As ram approaches die opening, a small portion of the billet 
remains (cannot be forced through the die) 
 
This portion, called the butt, must be separated from the 
extrudate by cutting it off just beyond the die exit 
 
Significant friction between the work surface and container walls 

Indirect: Die mounted to the ram 
 
Lower ram force, no friction at the container walls 
 
Limitations 
 
Lower rigidity of hollow ram 
 
Difficulty in supporting the extruded product as it exits die 

Hot Extrusion: prior heating of billet to above its 
recrystallization temperature 
 
Reduces strength and increases the ductility of the metal 
 
Allows more size reductions and more complex shapes 
 
Reduces ram force, increases ram speed 
 
Cold Extrusion: generally used to produce discrete parts 
 
Increase strength due to strain hardening 
 
Close tolerance 
 
Improved surface finish 
 
Absence of oxide layers 
 
High production rates 
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Quiz 5 Results for Aniya Facion  
Score for this quiz: 22 out of 40 
Submitted Nov 19 at 7:45pm 
This attempt took 18 minutes. 
  

Question 1 

Question Score 6  / 10 pts 

What are the three basic channel modes for rapid prototyping? List the names of 3D 
printing technologies introduced in this chapter that use the basic channel mode which 
takes the shortest time for creating one single layer.  

Your Answer: 

The three basic channeling modes are: 

1. Moving-Point or Moving Spot: This one takes the most time 

2. Moving-line 

3. Layer mode: This mode is the one that takes the shorts time to finish a single layer. 

  

Question 2 

Question Score 0  / 10 pts 

What factors are related to the time a Selective Laser Sintering (SLS) 3D printer takes to 
finish a single layer? List all of them.  

Your Answer: 

1. Powder based, which allows for no needs to remove excess supports as the powder helps 
support the model being formed 

2. Laser etching, this allows the powder to be formed easily layer by layer with quick precision. 
Instead of relying on a machine to carefully place everything. 

3. Easily reusable and lack of lost resources 

  

Question 3 

Question Score 8  / 10 pts 

What are the ways to reduce BOTH the rolling force and power in metal rolling 
processes?  

Your Answer: 

1. Use hot rolling to reduce strength and strain hardening (K and n) 

2. Reduce draft (d) in each pass 

3. Use smaller roll radius (R) 



4. Use lower rolling speed (N) to reduce power  

  

Question 4 

Question Score 8  / 10 pts 

What are the different types of metal extrusion process based on the metal flow 
direction? What are the differences between them? 

Your Answer: 

There are 2 types of 'vs.' extruding that can be done. 

Direct vs Indirect: 

• Direct extruding means that a ram will force a metal billet through a die opening. Significant 
friction occurs and the butt must be separated beyond the exit die. 

• Indirect extruding means that a rod is ram into the metal cause it to form around the ram 
itself. 

Hot vs Cold: 

• Hot extrusion causes a reduction in strength while increasing ductility, it allows for more size 
reductions and more complex shapes, and when coupled with Direct Extrusion, reduces ram 
force and increases ram speed. 

• Cold extrusions cause an increase in strength, improves the finished, close tolerance, is 
absence of oxide layers, and has high production rates. 
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Quiz 5 Results for Christopher Nweke  
Score for this quiz: 16 out of 40 
Submitted Nov 19 at 11:53pm 
This attempt took 20 minutes. 

 Question 1 

Question Score 6  / 10 pts 

What are the three basic channel modes for rapid prototyping? List the names of 3D 
printing technologies introduced in this chapter that use the basic channel mode which 
takes the shortest time for creating one single layer.  

Your Answer: 

aMoving-point or moving-spot, e.g. laser or electron spot 
(b) Moving-line consisting of a linear array of spots that sweeps 
across the entire layer in one translational motion 
(c) Layer mode – uses a mask projection system, entire layer is 
created at the same time 

3d printed tech introduced in chapter is Powder-based: Three Dimensional 
Printing (3DP) 

  

Question 2 

Question Score 0  / 10 pts 

What factors are related to the time a Selective Laser Sintering (SLS) 3D printer takes to 
finish a single layer? List all of them.  

Your Answer: 

after each layer is completed, a new layer of loose 
powders is spread across the surface 
▪ In areas not sintered, the powders are loose and can be 
removed away from completed part 

Layer thickness: 0.075 ~ 0.50 mm (0.003 ~ 0.020 in) 
▪ Versatile materials: polymers, metals, and ceramics (less 
expensive) 

 Question 3 

Question Score 8  / 10 pts 

What are the ways to reduce BOTH the rolling force and power in metal rolling 
processes?  

Your Answer: 



Large forces and power are required in rolling, to reduce 
them: 
1) Use hot rolling instead of cold rolling to reduce the strength 
and strain hardening (K and n) 
2) Reduce draft d in each pass 
3) Use smaller roll radius R 
4) Use lower rolling speed N to reduce power 

  

Question 4 

Question Score 2  / 10 pts 

What are the different types of metal extrusion process based on the metal flow 
direction? What are the differences between them? 

Your Answer: 

direct extrusion  

hydrostatic extrusion  

old Extrusion: generally used to produce discrete parts 
▪ Increase strength due to strain hardening 
▪ Close tolerance 
▪ Improved surface finish 
▪ Absence of oxide layers 
▪ High production rates 

Hot Extrusion: prior heating of billet to above its 
recrystallization temperature 
▪ Reduces strength and increases ductility of the metal 
▪ Allows more size reductions and more complex shapes 

Extrusion Strain (Johnson Strain Eqn.): 
𝜖𝑥 =𝑎+𝑏ln𝑟𝑥 
where a and b = empirical constants for a 
given die angle 
▪ Reduces ram force, increases ram speed 
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Homework 1 Solutions 

1.7 A production machine operates in a semi-automatic cycle but a worker must tend the machine 

100% of the time to load parts. Unloading is accomplished automatically. The worker’s cost rate 

= $27/hr including applicable labor overhead rate. The equipment cost rate of the machine = 

$18.00/hr including applicable overhead costs. Cost of the starting parts = $0.15/pc. The job runs 

several months so the effect of setup can be ignored. Each cycle, the actual process time = 24 sec, 

and time to load the part = 6 sec. Automatic unloading takes 3 sec. A proposal has been made to 

install an automatic parts-loading device on the machine. The device would cost $36,000 and 

would reduce the part loading time to 3 sec each cycle. Its expected life = 4 years. The device 

would also relieve the worker from full-time attention to the machine. Instead, the worker could 

tend four machines, effectively reducing the labor cost to 25% of its current rate for each machine. 

The operation runs 250 days per year, eight hours per day. Assume availability = 100% and scrap 

rate = 0. Determine the cost per part produced (a) without the parts loading device and (b) with the 

parts loading device installed. (c) How many days of production are required to pay for the 

automatic loading device? In other words find the breakeven point. 

Solution: (a) Equipment cost rate Ceq = 18/60 = $0.30/min 

Labor cost rate CL = 27/60 = $0.45/min 

Without the loading device, Cpc = 0.15 + (0.45 + 0.30)(24 + 6 + 3)/60 = $0.563/pc 

(b) Cost rate of the device = 36,000/(6042000) = $0.075/min = $4.50/hr 

With the loading device, Cpc = 0.15 + (0.45/4 + 0.30 + 0.075)(24 + 3 + 3)/60 = $0.394/pc 

(c) Without the device, Tc = 24 + 6 + 3 = 33 sec = 0.55 min and Cpc = 0.563/pc  

Rp = Rc = 60/0.55 = 109.1 pc/hr = 872 pc/day 

With the device, Tc = 24 + 3 + 3 = 33 sec = 0.50 min and Cpc = 0.394/pc  

At 100% reliability and no setup time, Rp = Rc = 60/0.50 = 120.0 pc/hr = 960 pc/day  

Let D = number of days of production at which the two alternatives are equivalent. 

872(0.563)D = 36,000 + 960(0.394)D 

490.9D = 36,000 + 378.2D 

(490.9 – 378.2)D = 112.7D = 36,000  D = 319.5 round to 320 days 

 

1.12 A high-production operation was studied during an 80-hr period. During that time, a total of 

seven equipment breakdowns occurred for a total lost production time of 3.8 hr, and the operation 

produced 38 defective products. No setups were performed during the period. The operation cycle 

consists of a processing time of 2.14 min, a part handling time of 0.65 min, and a tool change is 

required every 25 parts, which takes 1.50 min. Determine (a) hourly production rate of acceptable 

parts and (b) scrap rate during the period. 

Solution: (a) Cycle time of the unit operation Tc = 2.14 + 0.65 + 1.50/25 = 2.85 min 

Hours of production during 80 hours = 80 – 3.8 = 76.2 hr 

Total number of parts produced = 76.2(60)/2.85 = 1604 pc 

Number of acceptable parts produced = 1604 – 38 = 1566 pc 

Production rate of acceptable parts Rp = 1566/80 = 19.58 pc/hr 

(b) Scrap rate q = 38/1566 = 0.0243 = 2.43%  

 

3.3 (SI Units) During a tensile test in which the starting gage length = 100.0 mm and cross-sectional 

area = 150 mm2. During testing, the following force and gage length data are collected: (1) 17,790 



N at 100.2 mm, (2) 23,040 N at 103.5 mm, (3) 27,370 N at 110.5 mm, (4) 28,910 N at 122.0 mm, 

(5) 27,400 N at 130.0 mm, and (6) 20,460 N at 135.1 mm. The final data point (6) occurred 

immediately prior to failure. Yielding occurred at a load of 19,390 N (0.2% offset value), and the 

maximum load (4) was 28,960 N. (a) Plot the engineering stress strain curve. Determine (b) yield 

strength, (c) modulus of elasticity, (d) tensile strength, and (e) percent elongation.  

Solution: (a) Student exercise. 

(b) Yield strength = load at yielding divided by original area: Y =19,390/150 = 129.3 MPa 

(c) The first data point (1) occurred prior to yielding. Modulus of elasticity E = s/e 

Engineering strain e = (100.2 − 100)/100 = 0.002; engineering stress = 17,790/150 = 118.6 

MPa. E = 118.6/0.002 = 59,300 MPa 

(d) Tensile strength = maximum load divided by Ao: TS = 28,960/150 = 193.1 MPa 

(e) Percent elongation EL = (135.10 – 100)/100 = 0.351 = 35.1% 

 

3.10 (SI Units) Given that the flow curve strain-hardening exponent = 0.30 and strength coefficient 

= 500 MPa, determine the tensile strength for the metal. Note that tensile strength is an engineering 

stress. 

Solution: Tensile strength occurs at maximum value of load, and necking begins immediately 

thereafter. At necking,  = n, and true stress  = 500(0.30)0.30 = 348.4 MPa.  

Given that n = 0.30 and  = n, then  = 0.30 at this value of true stress. 

From Equation (3.7),  = 0.30 = ln(Lf/Lo), then Lf/Lo = exp(0.30) = 1.3499 

Tensile strength TS is an engineering stress defined by Equation (3.2): e = (Lf−Lo)/Lo = 

Lf/Lo−1 

Thus, e = 1.3499 – 1 = 0.3499 

From Equation (3.9),  = s(1 + e). Rearranging, s = /(1+e) = 348.4/(1+0.3499) = 258.1 

MPa 

Therefore, TS = 258.1 MPa 

 

3.16 (USCS Units) A torque of 6000 ft-lb is applied in a torsion test on a thin-walled tubular 

specimen whose radius = 1.5 in, wall thickness = 0.125 in, and gage length = 2.0 in. This causes an 

angular deflection = 1. Determine (a) shear stress, (b) shear strain, and (c) shear modulus, assuming 

the specimen had not yet yielded. (d) If the specimen fails at a torque = 8000 ft-lb and an angular 

deflection = 20, calculate the shear strength of the metal. 

Solution: (a) Shear stress  = T/(2R2t) = (6000  12)/(2(1.5)2(0.125)) = 40,744 lb/in2 

(b) Converting 1 to radians,  = 1(2/360) = 0.01745 rad. 

Shear strain  = R/L = 1.5(0.01745)/2.0 = 0.01309 

(c) Shear modulus G = / = 40,744/0.01309 = 3.11 x 106 lb/in2 

(d) Cross-sectional area of tube A = 2Rt = 2(1.5)(0.125) = 1.1781 in2  

Shear strength S = T/A = (8000  12)/1.1781 = 81,487 lb/in2 

 

3.22 (SI Units) Two flat plates are separated by a gap of 4 mm and move relative to each other at a 

velocity of 5 m/s. The space between them is occupied by a fluid of unknown viscosity. The 



motion of the plates is resisted by a shear stress of 10 Pa due to the viscosity of the fluid. Assuming 

that the velocity gradient of the fluid is constant, determine the coefficient of viscosity of the fluid.  

Solution: Bushing internal bearing area A = (125.6)2  50/4 = 19729.6 mm2 = 19729.2(10-6) m2  

d = (125.6 − 125)/2 = 0.3 mm 

v = (125 mm/rev)(400 rev/min)(1 min/60 sec) = 2618.0 mm/s 

Shear rate = 2618/0.3 = 8726.6 s-1  

 = (0.14)(8726.6) = 1221.7 Pa = 1221.7 N/mm2 

Force on surface between shaft and bushing = (1221.7 N/mm2)(19729.2(10-6)) = 24.1 N 

Torque T = 24.1 N  125/2 mm = 1506.4 N-mm = 1.506 N-m 
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Homework 2 Solutions 

20.5 (A) (USCS units) A turning operation is performed using a rake angle of 15°. Cutting speed 

= 200 ft/min, feed= 0.012 in/rev, and depth of cut = 0.100 in. The chip thickness ratio 

measured after the cut = 0.48. Determine (a) chip thickness after the cut, (b) shear angle, 

(c) friction angle, (d) coefficient of friction, and (e) shear strain.  

Solution: (a) Using the orthogonal model, f = t
o
: t

c 
= t

o
/r = 0.012/0.48 = 0.025 in  

Solutions for Fundamentals of Modern Manufacturing, 6e (published by Wiley)  MPGroover 

2015  

(b) φ = tan−1 (0.48 cos 15/(1- 0.48 sin 15)) = tan 
-1

(0.5294) = 27.9 

(c) β = 2(45) + α − 2(φ) = 90 + 15 − 2(27.9) = 49.2°  

(d) μ = tan 49.2 = 1.16  

(e) γ = tan(27.9 − 15) + cot 27.9 = 0.229 + 1.889 = 2.118  

 

20.11 (USCS units) A turning operation is performed with a rake angle of 10°, a feed of 0.010 

in/rev, and a depth of cut = 0.100 in. Shear strength of the work metal = 50,000 lb/in
2
, and 

the chip thickness ratio after the cut = 0.40. Determine the cutting force and the feed force. 

Use the orthogonal cutting model as an approximation of the turning process.  

Solution: φ = tan
-1

(0.4 cos 10/(1 − 0.4 sin 10)) = tan
-1

(0.4233) = 22.9°  

A
s 
= (0.010)(0.10)/sin 22.9 = 0.00257 in

2 
 

F
s 
= A

s
S = 0.00256(50,000) = 128 lb  

β = 2(45) + α − 2φ = 90 + 10 − 2(22.9) = 54.1°  

F
c 
= 128 cos (54.1 − 10)/cos (22.9 + 54.1 − 10) = 236 lb  

F
t 
= 128 sin (54.1 − 10)/cos (22.9 + 54.1 − 10) = 229 lb  

 

20.21 (A) (USCS units) A cast iron workpiece is turned on a lathe whose mechanical efficiency = 

0.87. Cutting speed = 400 ft/min, feed = 0.011 in/rev, and depth of cut = 0.120 in. Cutting 

force = 250 lb. Determine (a) the horsepower consumed by the turning operation; (b) 

horsepower that must be generated by the lathe; (c) unit horsepower and specific energy 

for the work material in this operation.  

Solution: (a) Given F
c 
= 250 lb, HP

c 
= F

c
v/33,000 = 250(400)/33,000 = 3.03 hp  

(b) HP
g 
= HP

c
/E = 3.03/0.87 = 3.48 hp  

(c) R
MR 

= 12 vfd = (400 × 12)(0.011)(0.120) = 6.336 in
3
/min  

HP
u 

= HP
c
/R

MR 
= 3.03/6.336 = 0.478 hp/(in

3
/min)  

U = F
c
v/R

MR 
= 250(400 × 12)/6.336 = 189,394 in-lb/in

3   

21.3 (USCS units) A facing operation is performed on a cylindrical part with diameter = 6 in and 

length = 15 in. The engine lathe spindle rotates at 200 rev/min. Depth of cut = 0.110 in, and feed = 

0.008 in/rev. Assuming the cutting tool moves from the outer diameter of the workpiece to exactly 

the center at a constant velocity, determine (a) the velocity of the tool as it moves from the outer 

diameter toward the center and (b) the cutting time. 



Solution: (a) fr = fN = (0.008 in/rev)(200 rev/min) = 1.60 in/min 

(b) L = distance from outside to center of part = 0.5D = 0.5(15 – 6) = 3.0 in 

Tm = L/fr = 0.5D/fr = 3/(1.6) = 1.875 min 

21.10 (USCS units) A gun-drilling operation is used to drill a 9/64-in diameter hole. It takes 2.5 min 

to perform the operation using high pressure fluid delivery of coolant to the drill point. The current 

spindle speed = 4000 rev/min, and feed = 0.0017 in/rev. In order to improve surface finish in the 

hole, it has been decided to increase the speed by 20% and decrease the feed by 25%. How long will 

it take to perform the operation at the new cutting conditions?  

Solution: fr = Nf = 4000 rev/min (0.0017 in/rev) = 6.8 in/min 

Hole depth d = 2.5 min(6.8 in/min) = 17.0 in 

New speed v = 4000(1 + 0.20) = 4800 rev/min 

New feed f = 0.0017(1 − 0.25) = 0.001275 in/min 

New feed rate fr = 4800(0.001275) = 6.12 in/min 

New drilling time Tm = 17.0/6.12 in/min = 2.78 min 

21.12 (SI units) A face milling operation removes 6.0 mm from the top surface of a rectangular piece 

of aluminum that is 250 mm long by 75 mm wide by 50 mm thick. Thickness after the cut = 44.0 

mm. The cutter follows a path that is centered over the workpiece. It has four teeth and an 85-mm 

diameter. Cutting speed = 2.0 m/s, and chip load = 0.18 mm/tooth. Determine (a) machining time 

and (b) maximum metal removal rate during cutting.  

Solution: (a) N = v/πD = 2.0(103) mm/s)/85 = 7.49 rev/s 

fr = Nntf = 7.49(4)(0.18) = 5.39 mm/s 

( )2 20.5A D D w= − −  = ( )2 20.5 85 85 75− −  = 0.5(85 – 40) = 22.5 mm 

Tm = (L + A)/fr = (250 + 22.5))/5.39 = 50.6 s = 0.84 min 

(b) RMR = wdfr = 75(6)(5.39) = 2426 mm3/s 
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Homework 3 Solutions 

22.8 (USCS units) Tool life tests in turning yielded the following data: (1) at v = 350 ft/min, T 

=5.2 min; (2) at v = 250 ft/min, T = 55 min. (a) Determine the parameters n and C in the Taylor 

tool life equation. (b) Based on these values, what is the likely tool material used in this operation? 

(c) Using your equation, compute the tool life for a cutting speed of 300 ft/min. (d) Compute the 

cutting speed for a tool life = 10 min.  

Solution: (a) Two equations for vT
n 
= C: (1) 350(5.2)

n 
= C and (2) 250(55)

n 
= C  

350(5.2)
n 
= 250(55)

n 
 

350/250 = (55/5.2)
n  

1.40 = (10.577)
n 
 

ln 1.40 = n ln 10.577  

0.3365 = 2.359 n                        n = 0.143  

C = 350(5.2)
0.143 

= 350(1.2652) C = 442.8  

Check: C = 250(55)
0.143 

= 250(1.771) = 442.8  

Use C = 443. The tool life equation is vT
0.143 

= 443 ft/min  

(b) Comparing these values of n and C with those in Table 22.2, the likely tool material is 

high speed steel.  

(c) At v = 300 ft/min, T = (C/v)
1/n 

= (443/300)
1/0.143 

= (1.477)
7.009 

= 15.4 min  

(d) For T = 10 min, v = C/T
n 
= 443/10

0.143 
= 443/1.389 = 319 ft/min  

 

10.8 (A) (USCS units) The volume flow rate of molten metal into the downsprue from the pouring 

cup is 50 in3/sec. At the top where the pouring cup leads into the downsprue, the cross-sectional 

area = 1.0 in2. Determine what the area should be at the bottom of the sprue if its length = 6.0 in. 

It is desired to maintain a constant flow rate, top and bottom, in order to avoid aspiration of the 

liquid metal.  

Solution: Velocity at base v = (2gh)0.5 = (2 ×32.2 ×12 ×6)0.5 = 68.1 in/sec  

Assuming volumetric continuity, area at base A = (50 in/sec)/(68.1 in/sec) = 0.734 in2  

 

10.19 (A) (SI units) A riser in the shape of a sphere is to be designed for a sand-casting mold. The 

casting is a rectangular plate, with length = 200 mm, width = 100 mm, and thickness = 18 mm. If 

the total solidification time of the casting itself is known to be 3.5 min, determine the diameter of 

the riser so that it will take 25% longer for the riser to solidify.  

Solution: Casting volume V = LWt = 200(100)(18) = 360,000 mm3  

Casting area A = 2(200×100 + 200×18 + 100×18) = 50,800 mm2  

V/A = 360,000/50,800 = 7.0866  

Casting TTS = Cm(7.0866)2 = 3.50 min  

Cm = 3.5/(7.0866)2 = 0.0697 min/mm2  

Riser volume V = πD3/6 = 0.5236D3  

Riser area A = πD2 = 3.1416D2  

V/A = 0.5236D3/3.1416D2 = 0.1667D  

TTS = 1.25(3.5) = 4.375 min = 0.0697(0.1667D)2 = 0.001936D2  

D2 = 4.375/0.001936 = 2259.7 mm2  



D = 47.5 mm  

 

11.4 (SI units) Brass bushings are made by horizontal true centrifugal casting. The bushings have 

length = 10 cm, outside diameter = 15 cm, and inside diameter = 12 cm. (a) Determine the rotational 

speed that obtains a G-factor of 70. (b) When operating at this speed, what is the centrifugal force 

per square meter (Pa) imposed by the molten metal on the inside wall of the mold? Density of brass 

= 8.62 g/cm3. 

Solution: (a) Using the outside wall diameter of the casting, which is equal to the inside wall 

diameter of the mold, D = 15 cm 

N = (30/)(2g  70/0.15).5 = 913.3 rev/min 

(b) Use 1.0 cm of mold wall length as basis of area calculations. 

Area of this length of mold wall A = DoL = (15 cm)(10 cm) = 150 cm2 = 0.0471 m2 

Volume of cast metal V = (Ro
2 − Ri

2)(10) = ((7.5)2 − (6)2)(10) = 636.2 cm3 

Mass m = (8.62g/cm3)(636.2 cm3) = 5484 g = 5.484 kg 

v = RN/30 Use mean radius R = (7.5 + 6.0)/2 = 6.75 cm 

v = (6.75)(913.3)/30 = 645.6 cm/s = 6.456 m/s 

Centrifugal force per square meter on mold wall = Fc/A where Fc = mv2/R 

Fc = (5.484 kg)(6.456 m/s)2/(6.75  10-2 m) = 3386 kg-m/s2 = 3386 N 

Fc/A = (3386 N)/(0.0471 m2) = 7.1853(104) N/m2 = 71,853 Pa 

 

11. 11 (USCS units) Vertical true centrifugal casting is used to cast brass tubing that is 15.0 in long 

with outside diameter = 8.0 in. Density of brass = 0.313 lb/in3. If the speed of rotation during 

solidification is 1000 rev/min, determine the inside diameters at the top and bottom of the tubing if 

the total weight of the final casting = 75.0 lbs.  

Solution: Volume of casting V = 75.0/.313 = 239.6 in3 

Assume the inside wall of the casting is straight from top to bottom (an approximation of the 

parabolic shape).  The average inside radius Ri = (Rt + Rb)/2 

Volume V = (Ro
2 − Ri

2)L = (4.02 − Ri
2)(15.0) = 239.6 in3 

(4.02 − Ri
2) = 239.6/15 = 5.085 

Ri
2 = 16.0 − 5.085 = 10.915 in2 Ri = 3.304 in  

Let Rt = Ri + y = 3.304 + y and Rb = Ri − y = 3.304 − y, where y = one-half the difference 

between Rt and Rb. 

N = (30/)(2gL/(Rt
2 − Rb

2).5 = (30/)(2  32.2  12  15/((3.304 + y)2 − (3.304 − y)2)).5 

Given N = 1000 rev/min, thus 

1000/30 = (11592/((3.304 + y)2− (3.304 − y)2)).5 

((3.304 + y)2− (3.304 − y)2).5 = 30(11592).5/1000 = 1.02814 

(3.3042 + 6.608y + y2 − (3.3042 − 6.608y + y2)).5 = 1.02814 

(3.3042 + 6.608y + y2 − 3.3042 + 6.608y − y2).5 = 1.02814 

(2  6.608y).5 = (13.216y).5 = 1.02814 

3.635 (y).5 = 1.02814    y = .080 in 

Rt = 3.304 + 0.080 = 3.384 in  Dt = 6.768 in 

Rb = 3.304 − 0.080 = 3.224 in  Db = 6.448 in 
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Homework 4 Solutions 

13.11 (USCS units) Consider an extruder in which the barrel diameter = 4.5 in and length = 11 ft. 

The extruder screw rotates at 60 rev/min; its channel depth = 0.35 in and flight angle = 20°. The 

plastic melt has a shear viscosity = 125(10
-4

) lb-sec/in
2
. Determine (a) Q

max 
and p

max
, (b) the shape 

factor for a circular die opening with diameter = 0.312 in and length = 0.75 in, and (c) the values 

of Q and p at the operating point.  

Solution: (a) Q
max 

= 0.5π
2
(4.5)

2
(1)(0.35)sin 20 cos 20 = 34.975(0.342)(0.9397)  

= 11.24 in
3
/sec  

p
max 

= 6π(4.5)(1)(132)(0.0125)(cot 20)/(0.35)
2 
= 3139 lb/in

2 
 

(b) Given: D
d 
= 0.312 in, L

d 
= 0.75 in  

K= πDηL= π(0.312)
s d

4
/128

d 

4
/128(0.0125)(0.75) = 0.024808 in

5
/lb-sec  

(c) From (a), Q
x 
= Q

max 
− (Q

max
/p

max
)p = 11.24 − 0.003581p  

From (b), Q
x 
= 0.024808p  

Combining, 0.024808p = 11.24 − 0.003581p  

0.02839p = 11.24 p = 395.9 lb/in
2 
 

Q
x 
= 11.24 − 0.003581(395.9) = 9.82 in

3
/sec  

13.16 (SI units) The foreman in the injection-molding department says that a high-density 

polyethylene part produced in one of the operations has greater shrinkage than the calculations 

indicate it should have. The important dimension of the part is specified as 120.5 ±0.25 mm. 

However, the actual molded part measures 120.02 mm. (a) As a first step, the corresponding mold 

cavity dimension should be checked. Compute the correct value of the mold dimension, given that 

the shrinkage value for HDPE in Table 13.1. (b) What adjustments in process parameters could be 

made to reduce the amount of shrinkage?  

Solution: (a) Given: S = 4.0% = 0.04 for HDPE from Table 13.1.  

D
c 
= 120.5 + 120.5(.04) + 120.5(.04)

2 
= 125.513 mm  

(b) Adjustments to reduce shrinkage include: (1) increase injection pressure, (2) increase 

compaction time, and (3) increase molding temperature.  

32.10 (A) (SI units) A part prototype is to be fabricated using stereolithography. The base of the 

part is shaped like a right triangle with dimensions 36 mm by 48 mm. In application, the part will 

stand on this base. The height of the part is 30 mm. In the stereolithography process, the layer 

thickness = 0.15 mm. Diameter of the laser-beam spot = 0.40 mm, and the beam is moved across 

the surface of the photopolymer at a velocity of 2200 mm/s. Compute the minimum possible time 

required to build the part, if 25 s are lost each layer to lower the height of the platform that holds 

the part. Neglect the time for setup and post-processing.  

Solution: The part should be oriented on its side in the stereolithography process; thus, layer area 

A
i 
and time to complete are the same for all layers.  

𝑇𝑖 =
𝐴

𝑣𝐷
+ 𝑇𝑟 =

36×48/2

2200×0.40
+ 25 = 25.98 s 

𝑇𝑐 = 𝑇𝑠𝑢 +∑𝑇𝑖 = 𝑇𝑖 ×
ℎ

𝑡
= 25.98 ×

30

0.15
= 5196.4 s = 86.61min = 1.44 hr 
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Homework 5 Solutions 

18.6 (A) (SI units) A low-carbon steel plate is 270 mm wide and 25 mm thick. It is reduced in one 

pass in a two-high rolling mill to a thickness of 20 mm. Roll radius = 600 mm, and roll speed = 30 

m/min. Strength coefficient = 500 MPa, and strain hardening exponent = 0.25. Determine the (a) 

roll force, (b) roll torque, and (c) power required to perform the operation.  

Solution:  

(a) Draft d = 25 − 20 = 5 mm  

Contact length L = (600 × 5)
.5 

= 54.77 mm  

True strain ε = ln(25/20) = ln 1.25 = 0.223  

Yf = 500(0.223)
0.25

/1.25 = 274.9 MPa  

Rolling force F = 274.9(270)(54.77) = 4,065,194 N  

(b) Torque T = 0.5(4,065,194)(54.77×10
-3

) = 111,325 N-m  

(c) N = (30 m/min)/(2π × 0.600) = 7.96 rev/min = 0.133 rev/s  

Power P = 2π(0.133)(4,065,194)(54.77×10
-3

) = 186,061 N-m/s = 186,061 W = 186.1 kW  

18.20 (A) (USCS units) A part is hot-forged in an impression die. The projected area of the part, 

including flash, = 14.1 in
2
. After trimming, the part has a projected area of 10.3 in

2
. Part geometry 

is complex. At room temperature, the work metal has a strength coefficient = 35,000 lb/in
2 

and a 

strain-hardening exponent = 0.15. As heated, the work metal yields at 12,000 lb/in
2 
and no strain 

hardening occurs. Determine the maximum force required to perform the forging operation.  

Solution: Since the work material has no tendency to work harden, n = 0  

From Table 18.1, choose K
f 
= 8.0  

F = 8.0(12,000)(14.1) = 1,353,600 lb  

18.27 (A) (SI units) An L-shaped structural section is direct extruded from an aluminum alloy billet 

whose length = 500 mm and diameter = 100 mm. Dimensions of the extruded cross section are 

given in Figure P18.27. The strength coefficient and strain-hardening exponent of the aluminum 

alloy are 240 MPa and 0.15, respectively (Table 3.4). The die angle = 90°, and the Johnson strain 

equation has constants a = 0.8 and b = 1.5. Determine the (a) extrusion ratio, (b) shape factor, and 

(c) length of the extruded section if the butt remaining in the container at the end of the ram stroke 

is 25 mm long. (d) Compute the maximum force required to drive the ram forward at the start of 

extrusion.  

Solution: (a) r
x 
= A

o
/A

f 
 

A
o
 = π(100)

2
/4 = 7854 mm

2 
 

A
f
 = 2(12 × 50) = 1200 mm

2 
 

r
x 
= 7854/1200= 6.545  

(b) To determine the die shape factor, to determine the perimeter of a circle whose area is 

equal to that of the extruded cross section, A = 1200 mm
2
. The radius of the circle is R = 

(1200/π)
0.5 

= 19.54 mm, C
c 
= 2π(19.54) = 122.8 mm.  

The perimeter of the extruded cross section C
x 
= 62 + 50 + 12 + 38 + 50 + 12 = 224 mm  

K
x 
= 0.98 + 0.02(224/122.8)

2.25 
= 1.057  



(c) Total original volume V = 0.25π(100)
2
(500) = 3,926,991 mm

3 
 

The final volume consists of two sections: (1) butt, and (2) extrudate. The butt volume V
1 
= 

0.25π(100)
2
(25) = 196,350 mm

3
. The extrudate has a cross-sectional area A

f 
= 1200 mm

2
. 

Its volume V
2 
= LA

f 
= 3,926,991 − 196,350 = 3,730,641 mm

3
.  

Thus, length L = 3,730,641/1200 = 3108.9 mm = 3.109 m  

(d) ε = ln 6.545= 1.879 

ε
x
= 0.8 + 1.5ln(6.545) = 3.618  

Yf = 240(1.879)
0.15

/1.15 = 229.4 MPa  

Maximum ram force occurs at beginning of stroke when length is maximum at L = 250 mm  

p = K
x
Yf(ε

x
+ 2L/D

o
) = 1.057(229.4)(3.618 + 2(500)/100) = 3302.03 MPa  

F = pA
o 
= 3302.03(7854) = 25,934,186 N = 25.9 MN  

18.33 (SI units) Bar stock of initial diameter = 90 mm is drawn with a draft = 15 mm. The draw die 

has an entrance angle = 18°, and the coefficient of friction at the work-die interface = 0.08. The 

metal behaves as a perfectly plastic material with yield stress = 105 MPa. Determine the (a) area 

reduction, (b) draw stress, (c) draw force required for the operation, and (d) power to perform the 

operation at an exit velocity = 1.0 m/min.  

Solution: (a) r = (A
o 
− A

f
)/A

o 
 

A
o 
= 0.25π(90)

2 
= 6361.7 mm

2 
 

D
f 
= D

o 
− d = 90 − 15 = 75 mm,  

A
f 
= 0.25π(75)

2
= 4417.9 mm

2 
 

r = (6361.7 − 4417.9)/6361.7 = 0.3056  

(b) Draw stress σd
: 
 

ε = ln(6361.7 /4417.9) = ln 1.440 = 0.3646  

Yf = 105 MPa  

D = (90 + 75)/2 = 82.5 mm  

Lc = (90 - 75)/(2sin18⁰) = 24.3 mm 

φ = 0.88 + 0.12(D/L
c
) = 0.88 + 0.12(82.5/24.3) = 1.288  

σd =Yf
 
(1 + μ/tanα)φ(ln A

o
/A) = 105(1 + 0.08/tan18⁰)(1.288)(0.3646) = 61.45 MPa  

(c) F = Af σd = 4417.9 (61.45) = 271,475 N 

(d) P = 271,475(1 m/min) = 271,475 N-m/min = 4524.6 N-m/s = 4524.6 W  

19.3 (SI units) A compound die is used to blank and punch a large washer out of 6061ST aluminum 

alloy sheet stock 3.2 mm thick. The outside diameter of the washer is 25.0 mm, and the 

inside diameter is 12.0 mm. Determine the punch and die sizes for the (a) blanking operation 

and (b) punching operation.  

Solution:  

From Table 19.1, A
c 
= 0.060. Thus, c = 0.060(3.2) = 0.192 mm  

(a) Blanking punch diameter = D
b
− 2c = 25.0 − 2(0.192) = 24.62 mm 

Blanking die diameter = D
b 
= 25.00 mm  



(b) Punching punch diameter = D
h 

= 12.00 mm  

Punching die diameter = D
h 
+ 2c = 12.0 + 2(0.192) = 12.38 mm 

19.8 (SI units) Solve part (a) of the previous problem except that the bend radius R = 10.5 mm.  

Solution:  

From drawing, α’ = 40°, R = 11.35 mm  

α = 180 − α’ = 140°  

A
b
= 2π(α/360)(R + K

ba
t)  

R/t = (10.5)/(5.00) = 2.1; therefore, K
ba 

= 0.5  

A
b 
= 2π(140/360)(10.5 + 0.5 × 5.00) = 31.76 mm  

Dimensions of starting blank: w = 35 mm, L = 58 + 31.76 + 46.5 = 136.26 mm 

19.16 (USCS units) A deep drawing operation is performed to produce a cylindrical cup in which 

the inside diameter = 4.25 in and height = 2.65 in. Stock thickness = 3/16 in, and blank 

diameter = 7.7 in. Punch and die radii = 5/32 in. The metal has a tensile strength = 65,000 

lb/in
2
, yield strength = 32,000 lb/in

2
, and shear strength of 40,000 lb/in

2
. Determine the (a) 

drawing ratio, (b) reduction, (c) drawing force, and (d) blank-holder force.  

Solution:  

(a) DR = 7.7/4.25 = 1.81  

(b) r = (D
b 
– D

p
)/D

b 
= (7.7 – 4.25)/7.7 = 3.45/7.70 = 0.448 = 44.8%  

(c) F = πD
p
t(TS)(D

b
/D

p 
− 0.7) = π(4.25)(0.1875)(65,000)(7.7/4.25 − 0.7) = 180,900 lb  

(d) F
h 
= 0.015Yπ(D

b

2 
- (D

p 
+ 2.2t + 2R

d
)

2
)  

     F
h 
= 0.015(32,000)π(7.7

2 
− (4.25 + 2.2 × 0.1875 + 2 × 0.15625)

2
)  

          = 0.015(32,000)π(7.7− 4.975
2 2

) = 52,100 lb 
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MCEG 3303 Manufacturing Processes Course Project 

Fall 2021 

Comprehensive Report on a Family of Manufacturing Processes 

 

Due: Nov. 23, 2021, at midnight 

 

I. Project Description 

Pick any of the big families of manufacturing processes introduced in this course, e.g., machining, 

casting, plastic manufacturing, metal processing, etc., and write a comprehensive report. In this 

report, you should address the manufacturing processes family you chose; introduction to this 

family, state-of-the-art of this family, and its future developments. You should also recognize 

ethical and professional responsibilities of your subject involving global, and societal contexts, as 

well as make informed judgments on ethical and professional responsibilities in the family you have 

chosen for your report while considering the impact of engineering solutions in global, economic, 

environmental, and societal contexts. 

 

II. Report 

A comprehensive literature review report is required from each student. The review report should 

follow these guidelines: 

(1) The report should be typed in a Word file, with 1.5 lines spacing, and Times Roman 12-point 

font. 

(2) Your report should review no less than 10 pieces of literature. 

(3) Literature should be cited properly in the report. A “List of References” should be provided at 

the end of the report. The citation and references should follow the ASME format, which can be 

found at: https://www.asme.org/shop/proceedings/conference-publications/references. 

(4) The report should be 5 pages minimum, 10 pages maximum excluding the cover page and 

list of references. 

(5) The report should be organized using headings and subheadings, and should include (but not 

limited to) the following contents: 

Title 

Abstract (no more than one page) - A concise summary of your review including the scope of 

your review, what you found as a result of your topic. It should give the reader a complete picture 

of your review from the start to finish. 

Introduction 

Main contents 

Conclusion 
 

III. Evaluation 

The report will be evaluated by the following criteria: 

1. Writing quality (grammar, punctuation, writing skills): 20% 

2. Presentation quality (formatting, figures, tables, references, headings): 20% 

3. Technical content (completeness, relevance, how up-to-date it is, etc.): 50% 

4. Taskstream submission to Outcome 4: 10% 

5. Taskstream submission: 10% 
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