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III.   TESTS  
Summary of Topics covered by Test   
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.    HOMEWORK ASSIGNMENTS 
Summary of Topics Covered by Homework Assignments 

           Above Average  (Graded original work) 
           Average       (Graded original work) 
           Below Average  (Graded original work) 
         

V.       GRADED FORUM DISCUSSION 
Summary of Topics Covered by In-class Exercises 
  Above Average  (Graded original work) 
  Average       (Graded original work) 
  Below Average  (Graded original work) 

 

VI.       COURSE PROJECT 
Summary of Topics Covered by Course Project 

           Above Average  (Graded original work) 
           Average       (Graded original work) 
           Below Average  (Graded original work) 
 



I.  Course Description in ABET Format  

 

MECHANICAL ENGINEERING DEPARTMENT 

MCEG 3305 Kinematics Design and Analysis 
 

1. Course number and name: MCEG 3305 Kinematics Design and Analysis 

 
2. Credits and contact hours: 3 credit hours, 5 contact hours 

 
3. Instructor’s or course  

coordinator’s name: 

Dr. Mingli Han 

Dr. Chang Duan 

 
4. Text book: Title: Design of Machinery 

 
                   Author: Robert L. Norton 

 
                   Publisher, Year & Edition: McGraw Hill, 2012, 5th Edition 

 
  a. Other Supplemental material Shigley and Uicker, Theory of Machines and Mechanisms, 

McGraw Hill. 

 

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

course (catalog description) 

This course is to provide students with an in-depth study 

of the displacement, velocity and acceleration of machine 

parts. This course shall also introduce the students to 

design methods for mechanisms yielding a desired set of 

motion characteristics. 

 
 b. Prerequisites or  

     Co-requisites 

MCEG 1102 Mechanical Engineering Drawing I 

MCEG 2302 Engineering Mechanics II 

 

 
 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. Analyze mechanisms in order to 

determine their rigid-body dynamic behavior 
 

 

 

 

  2.Synthesize mechanisms in order to 

accomplish desired motions or tasks 



 Outcome 1 

The ability to identify, formulate, and solve complex 

engineering problems by applying principles of 

engineering, science, and mathematics. 

 

 3. Use computer aided engineering software 

for mechanisms analysis, synthesis and 

design 
 

  

7 Brief list of topics to be covered 

 

1. Introduction to the kinematics fundamentals (1 class) 

2. Position and Displacement (4 classes) 

3. Velocity by Components and by Instant Centers            

(2 classes) 

4. Graphical Synthesis (3 classes) 

5. Velocity Analysis (5 classes) 

6.  Acceleration Analysis (3 classes) 

7. Mathematical Analysis (2 classes) 

8. Design Project (1 classes)  

9. Cams (5 classes) 

10. Gear Trains (2 classes) 

 
 

*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 1:    

An ability to identify, formulate, and solve complex engineering problems (CEP) by applying 

principles of engineering, science, and mathematics.   
 

   

   

Assessment Summary of Class Semester Averages for Outcomes 
 

Outcomes   1 

Semester 
Semester Class 

Average (%) 

Fall 2021 78.5 

Fall 2020 76.6 

Fall 2019 80.1 

 
Fall 2018 

 
88.3 

Comments 
on Trend of 

Data 

The Class Average is decreasing 
over the last three years. 

*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 3305 KINEMATICS DESIGN AND ANALYSIS 

FALL 2021 SEMESTER 

Report Prepared by: Dr. Chang Duan 

Report Date: December 17, 2021 

  Semester Analysis Type 
Number of 

Students 

Outcome 1* 
An ability to identify, formulate, and solve complex engineering 

problems by applying principles of engineering, science, and 

mathematic. 

Expected Class 

Average 

Expected 

Percent of 

students at or 

above average 

Class 

Average 

% Students 

meeting 

Expected 

Average 

Fall 2021 Direct 20 70 70 78.5 85 

Fall 2020 Direct 27 70 70 76.6 88.9 

Fall 2019 Direct 27 70 70 80.1 92.6 

Fall 2018 Direct 36 75/70 70 88.3 97.2 

Implementation 

Summary 

Items implemented from previous report or after 

meeting previous instructor 

 

 

 

 

Math review tutorials are posted as supplementary material. A self-paced 

MATLAB tutorial is given in the beginning of the class. Project is 

assigned earlier so that students have enough time to work on it. 

Perceived Problems 

Perceived problems are directly related to the PC 

and the sub items under them 
Students struggled in some fundamental math problems. 

Students still have the expectation of the hybrid teaching mode and seems to 

be less focused in the classroom. 

The ability of using engineering software varies drastically among students. 

In particular, the ability of using UG NX for motion simulation and the ability 

of using MATLAB for calculation, plotting and analysis. 

Plans for Addressing 

Problems 

Plans for address specific measures to address 

PC and their sub areas 
Math review (outside of classroom) and quizzes will help student review and 

improve their math capabilities relate to this course. 

 

More tutorial and in-class demonstration will be given to improve the students’ 

ability of using engineering software. 

 

Online discussion forum on ecourses can be a good way to engage students 

outside of the class time. 
 

Overall Trend over 

Periods 

Ascertain if there were improvements over 

previous semesters 

 

 

 

Class average and expected percent of students declined in recent years, though still 

meet the expectations. 

Were Expectations Met? 

Class Average ≥75% and ≥70% of Students 

Performed at or Above Expected Average. 

 

 
YES 

*: ABET switched to outcome 1-7 in May 2018. Outcome e is assessed in Fall 2017 and before that. Outcome 1 is assessed in Fall 2018 and onwards. 



 

 

 

 

 

KINEMATICS DESIGN AND ANALYSIS 
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Title of Assignment:  TEST 1 

 

TOPICS COVERED IN TEST 1 

 

 Test 1 covered the following topics: 

 

1. Degrees of freedom (or mobility) 

2. Number synthesis 

3. Grashoff condition 

4. Vector loop equations 

5. Coordinates transformation 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

KINEMATICS DESIGN AND ANALYSIS 
FALL 2021 

 

 

 

 

SAMPLE TEST 1 QUESTIONS, SOLUTION,  

AND GRADING SCHEME FOR TEST 1 

 

 

 

 

 



Student’s Name: _________________________                           
 

1 
 

PRAIRIE VIEW A&M UNIVERSITY 

ROY G. PERRY COLLEGE OF ENGINEERING 

DEPARTMENT OF MECHANICAL ENGINEERING 

 

 

MCEG 3305 Kinematics Design and Analysis 

Fall 2021 

Test 1 

Oct. 4, 2021 

12:00 – 1:30 pm 

 

Solution 

 

This examination is administered under the University’s Code of Student Conduct.  All work 

submitted must be your own. This is an open book examination. Only calculator is allowed, 

no cellphone, no tablet, and no laptop. Please write your name on every page. 

 

 

QUESTION # MAXIMUM POINTS POINTS SECURED 

1 10  

2 10  

3 15  

4 15  

TOTAL 50  

  



Student’s Name: _________________________                           
 

2 
 

Problem 1 (10 points):  

1) What is the definition of mobility of a system? (2 points) (Answering DOF will not 

earn you any point). 

2) Determine the mobility of the following two planar linkages. In each case, identify links, 

identify the joints, and show the mobility equation with all corresponding values. (8 

points)  

 

Linkage 1:      Linkage 2: 

  

 

  

chang
Pencil

chang
Pencil



Student’s Name: _________________________                           
 

3 
 

Problem 2.   

1) Using number synthesis, find the number of binary links to produce a 2 degree-of-

freedom linkage when the total number of links is 5. (Assuming no multiple joints and 

half joints involved) (5 points) 

 

 

 

 

 

 

 

 

 

 

2) For a four-bar linkage, assuming the lengths of the four links are the last non-zero 

four digits of your student ID. For example, if the ID is P10391307, then the lengths 

are 9, 1, 3, 7. Use Grashof condition to determine the class of this four-bar linkage 

and predict its rotation behavior. (5 points)  

chang
Pencil



Student’s Name: _________________________                           
 

4 
 

Problem 3 For the 3 points 𝑂2, 𝑂4, and 𝐵, create 3 vectors,  

1) mark the direction of the vectors (3 points) and angles of the vectors clearly (3 points). 

2) Write the vector loop equation based on the vectors you defined. (3 points) 

3) Write the two equations represented by the vector loop equation. (6 points) 

  

chang
Pencil



Student’s Name: _________________________                           
 

5 
 

Problem 4 Given the position of point 𝐴 in the original coordinate system 𝑥 = 2, 𝑦 = 4,  
1) Express the position of point A in the original coordinate system in the vector form, 

denote it as 𝑟1⃑⃑⃑  . Calculate the length and angle of 𝑟1⃑⃑⃑  . (6 pts) 

2) A new coordinate system is formed by rotating the original coordinate system 

counterclockwise by angle 𝜃 = 40° , calculate the position of point A in the new 

coordinate system, i.e., find 𝑟2⃑⃑  ⃑ = [
𝑋
𝑌
]. (9 pts) 

 

 

 

 

 

𝑨 
𝑟1⃑⃑⃑  = 𝑅𝑟2⃑⃑  ⃑, where 𝑅 = [

cos 𝜃 − sin 𝜃
sin 𝜃 cos 𝜃

] 
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Title of Assignment:  TEST 2 

 

TOPICS COVERED IN TEST 2 

 

 Test 2 covered the following topics: 

 

1. Four-bar linkage position analysis 

2. Velocity analysis 

3. Acceleration analysis 

4. Cam follower classification 

5. Cam follower terminology 

6. Double-dwell cam design boundary conditions 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

KINEMATICS DESIGN AND ANALYSIS 
FALL 2021 

 

 

 

 

SAMPLE TEST 2 QUESTIONS, SOLUTION,  

AND GRADING SCHEME FOR TEST 2 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PRAIRIE VIEW A&M UNIVERSITY 

ROY G. PERRY COLLEGE OF ENGINEERING 

DEPARTMENT OF MECHANICAL ENGINEERING 

 

 

MCEG 3305 Kinematics Design and Analysis 

Fall 2021 

Test 2 

Nov. 3, 2021 

 

Student’s Name (printed): ________________________________________   

 

This examination is administered under the University’s Code of Student Conduct.  All work 

submitted must be your own. This is an open book examination. Only calculator is allowed, 

no cellphone, no tablet, and no laptop. Please write your name on every page. 

 

 

QUESTION # MAXIMUM POINTS POINTS SECURED 

1 15  

2 15  

3 10  

4 10  

TOTAL 50  

 



                                                                                                  Student’s Name: ____________________________ 
 

Problem 1 (15 points):  

  

The rod AB shown in the figure is connected to two sliders at each end through pins. The 

sliders can slide along QP and QR. 

1) Mark the directions of the three vectors and their angles according to the given info; 

(2 pts) 

2) Write the vector loop equation for velocity analysis; (1 pts) 

3) Given the linear velocity of link 2 |𝑟2|̇ = the last nonzero digit of your student ID, 

what are the unknowns in the velocity analysis? (2 pts) 

4) In the velocity analysis, what quantities are 0? Why? (4 pts) 

5) Given the linear velocity of link 2 |𝑟2|̇ = the last nonzero digit of your student ID, 

solve the equations to obtain the numerical value of the unknowns. (6 pts)   

The lengths and angles are given as, 

|𝑟1| = 1, |𝑟2| = 1, |𝑟3| = 1,  

𝜃1 = 0°, 𝜃2 = 60°, 𝜃3 = 120°. 

𝒓𝟏⃑⃑⃑⃑  

𝒓𝟐⃑⃑⃑⃑  𝒓𝟑⃑⃑⃑⃑  

chang
Pencil



                                                                                                  Student’s Name: ____________________________ 
 

Problem 2.  (15 points) 

 

1) Write the vector loop equation. (2 pts) 

2) What quantities does not change with time? (3 pts) 

3) Given 𝜔3 = 𝜃̇3 = second non-zero digit of your student ID, calculate |𝑟1|̇  and |𝑟2|̇  

using velocity vector loop equation. (6 pts) 

4) Given 𝜃̈3 = 0, list the two equations of acceleration analysis keeping only nonzero 

items (4 points) 

  

𝑟2⃑⃑  ⃑ 

𝑟1⃑⃑⃑   

Note 𝑟1⃑⃑⃑   and 𝑟2⃑⃑  ⃑ are imaginary vectors, 
𝑟3⃑⃑  ⃑ starts from 𝐴, point to 𝐵, 𝐴 and 𝐵 
are connected by a rigid link. 

|𝑟1| = 1, |𝑟2| = 1, |𝑟3| = √2, 
𝜃1 = 0°, 𝜃2 = 90°, 𝜃3 = 45° 



                                                                                                  Student’s Name: ____________________________ 
 

Problem 3 (10 points) 

1) Classify the following cam follower system (8 pts) 

 

 
 
 
 
 
 
 
 

System Follower 

motion 

Cam 

motion 

Relative 

motion 

Joint closure 

(a)     

(b)     

(c)     

(d)     

 

2) In s diagram, what is its minimum value? (1 pt) 

3) In s diagram, explain what is Rise, Dwell and Fall? (1 pt) 

  

(a) (b) (c) (d) 
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chang
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Typewritten Text
form
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forced
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Typewritten Text
form
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0

chang
Typewritten Text
Rise is when s value is increasing.
Dwell is when s value remains unchanged.
Fall is when s value is decreasing.



                                                                                                  Student’s Name: ____________________________ 
 

Problem 4 (10 points) 

 
 

1) The figure above shows a s diagram of a double dwell cam design. When we are asked 

to design the Rise function from 0 to 𝛽, what is the value of 𝛽 in this case (use radian)? 

(2 pts) 

2) What is the fundamental law of cam design? (2 pts) 

3) To satisfy the fundamental law of cam design, fill in the following table with boundary 

conditions of 𝑠, 𝑣, 𝑎 Rise functions. (3 pts) 

 when 𝜃 = 0 when 𝜃 = 𝛽 

𝑠 =   

𝑣 =   

𝑎 =   

 

4) Given 𝑣 = 𝜃 − 𝛽 sin(𝜃), calculate 𝑎 by 
𝑑𝑣

𝑑𝜃
. (3 pts) 

 

 

0 𝛽 

chang
Typewritten Text
0

chang
Typewritten Text
1

chang
Typewritten Text
0

chang
Typewritten Text
0

chang
Typewritten Text
0

chang
Typewritten Text
0

chang
Pencil

chang
Typewritten Text
2) The cam-follower function must have continuous velocity and acceleration across the entire interval, thus making the jerk finite.

4) 
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Title of Assignment:  Final Exam 

 

TOPICS COVERED IN FINAL EXAM 

 

 Final exam covered the following topics: 

 

1. Cam design using SVAJ diagram 

2. Fundamental law of cam design 

3. Cam design using combined functions 

4. Cam design using polynomial function 

5. Gear parameters calculation (diametral pitch, circular pitch, base 

pitch, gear ratio) 

6.  Compound gear train concept and velocity ratio calculation 
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FALL 2021 

 

 

 

 

SAMPLE FINAL EXAM QUESTIONS, SOLUTION,  

AND GRADING SCHEME FOR FINAL EXAM 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PRAIRIE VIEW A&M UNIVERSITY 

ROY G. PERRY COLLEGE OF ENGINEERING 

DEPARTMENT OF MECHANICAL ENGINEERING 

 

 

MCEG 3305 Kinematics Design and Analysis 

Fall 2021 

Final Exam 

December 06, 2021 

12 – 2 pm 

 

Solution 

 

This examination is administered under the University’s Code of Student Conduct.  All work 

submitted must be your own. This is an open book examination. Only calculator is allowed, 

no cellphone, no tablet, and no laptop. Please write your name on every page. 

 

QUESTION # MAXIMUM POINTS POINTS SECURED 

1 25  

2 25  

3 25  

4 25  

TOTAL 100  

  



Problem 1.  (25 points) 

 

 

 

 

 

 

 

 

The figure above shows the 𝑣 diagram of a cam design, 𝑣 = sin 𝜃, for 0 ≤ 𝜃 ≤
𝜋

2
; and 𝑣 = 1, 

for 
𝜋

2
≤ 𝜃 ≤ 𝜋. Given 𝑠 = 1 at 𝜃 =

𝜋

2
. 

1) Find the 𝑎 function for 0 ≤ 𝜃 ≤
𝜋

2
 and 

𝜋

2
≤ 𝜃 ≤ 𝜋 respectively. (8 pts) 

2) Find the 𝑠 function for 0 ≤ 𝜃 ≤
𝜋

2
 and 

𝜋

2
≤ 𝜃 ≤ 𝜋 respectively. (10 pts) 

3) What is the fundamental law of cam design? (3 pts) If this function is used as a rise 

function between a low dwell and high dwell (meaning before 𝜃 = 0, there is a low 

dwell, after 𝜃 = 𝜋, there is a high dwell), does it satisfy the fundamental low of cam 

design? (2 pts) why? (2 pts)  
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Problem 2 (25 points) 
 

 

 

 

 

 

 

 

 

 

 

Assume that 𝑠 is the cam-follower displacement and 𝜃 is the cam angle. The rise is ℎ = 1 after 

1.0 radian of rotation, and the rise begins and ends at a dwell. If the position, velocity, and 

acceleration are continuous at 𝜃 = 0, and the position and velocity are continuous at 𝜃 =
𝛽 = 1, use polynomial function to design a rise function 𝑠 from 0 to 𝛽 = 1 using the boundary 

conditions given above. Note: Use the minimum possible number of terms. 

1) How many boundary conditions are given? (2 pts) What will be the order of the 

polynomial function? (2 pts) 

2) Write the general form of the 𝑠 function, and the corresponding 𝑣 and 𝑎 functions. (6 

pts) 

3) Bring in the boundary conditions and list the equations to be solved. (7 pts) 

4) Solve all the unknowns. (8 pts) 
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Problem 3 (25 pts) 

A zero-eccentricity cam with a reciprocating radial roller follower is to be designed such that 

the displacement of the follower is 𝑠 = 15[1 − cos(2𝜃)] (unit: mm). The prime circle radius 

is 𝑅𝑏 = 40 mm, and the roller follower radius is 𝑅𝑓 = 12 mm. For the cam rotation angle 𝜃 =

30°, determine the following: 

1) The expression of 𝑣 =
𝑑𝑠

𝑑𝜃
 

2) The expression of 𝑎 =  
𝑑𝑣

𝑑𝜃
 

3) The pitch circle radius 𝑅𝑝 = 𝑅𝑏 + 𝑅𝑓 

4) The pressure angle 

𝜙 = tan−1
𝑣 − 𝜖

𝑠 + √𝑅𝑝
2 − 𝜖2

 

5) The pitch radius of curvature 

𝜌𝑝𝑖𝑡𝑐ℎ(𝜃) =
[(𝑅𝑝 + 𝑠)

2
+ 𝑣2]

3
2

(𝑅𝑝 + 𝑠)
2

+ 2𝑣2 − 𝑎(𝑅𝑝 + 𝑠)
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Problem 4 (25 points) 

The following figure shows a compound gear train. 

 

 

 

 

 

 

 

 

Answer the following questions: 

1) What is a compound gear train? (5 pts) 

2) Find the velocity of gear 7 as gear 2 drives at 1800 rpm. (13 pts) 

3) Find the pitch diameter of each gear. (7 pts) 
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HOMEWORK 1 

 

 

TOPICS COVERED IN HOMEWORK 1 

 

1. Degree of freedom 

2. Number synthesis 

3. Grashoff condition 
 

 

 

 



 

MCEG 3053 Kinematics Design and Analysis 

Homework #1 Due 09/08/2021 midnight 

Use this page as your cover page 

Student’s name: ______________________               Grade: ____________ 

Problem 1. Find the mobility of the mechanism shown in the following figure. 

 
Problem 2. Use number synthesis to find all the possible link combinations for mobility  

for eight links ( ), to hexagonal order using only revolute joints. 

 

Problem 3. Determine the Grashof condition for the four-bar linkages below. Indicate whether 

they are crank-rocker, double-crank, double-rocker, or triple-rocker mechanisms. 

 
                  (a)                                         (b)                                            (c)       
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MCEG 3053 Kinematics Design and Analysis 

Homework #1 Due 09/08/2021 midnight 

Use this page as your cover page 

Student’s name: ______________________               Grade: ____________ 

Problem 1. Find the mobility of the mechanism shown in the following figure. 

 
Problem 2. Use number synthesis to find all the possible link combinations for 
mobility 𝑀 = 1 for eight links (𝐿 = 8), to hexagonal order using only revolute 
joints. 
 
Problem 3. Determine the Grashof condition for the four-bar linkages below. Indicate 
whether they are crank-rocker, double-crank, double-rocker, or triple-rocker 
mechanisms. 

 
          (a)                     (b)                   (c)       
 
 
 
 
 

Zion Broun

Chang Duan
144250000000002059
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TOPICS COVERED IN HOMEWORK 2 

 

1. Four-bar linkage position analysis 

2. Position analysis using MATLAB 

3. Linkage synthesis (two-position) 
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Homework #2 Due 09/29/2021  
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Student’s name: ______________________               Grade: ____________ 

Problem 1 (50 points): The following figure shows a movie camera film-advance mechanism,  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

1) The lengths of the four-bar linkage is given as , , , 

. The unit is inch.  

2) Using Grashof condition to classify this linkage and predict its motion. 

3)  is a point on the coupler . ,  where  is the distance between  

and ,  is the angle rotating  to . 

4) calculate and plot the angular displacement of links 3 and 4 and the path coordinates of 

point P with respect to the angle of the input crank  for one revolution. 
 

Hint: You can use the MATLAB script on Canvas as a basis. Using the script (only the OPEN 

configuration, not the CROSSED), you should be able to find the angular displacement of links 3 

and 4 (  and ) given the angle of the input crank  ( . 

Now if you use this script manually, you can have sth. like 

   
0°   

5°   

10°   

   

360°   

Now you can plot  and  with respect to  

Hint: It will be easier if you know how to turn the script into a function, and plot the results using 

MATLAB. (+1 bonus point if you do that) 

To find the position of point P, you need to use the equation that we talked about in class to find 

any point on the link (in this case, coupler) AND make that part of the MATLAB script. So for 

every , you will also have a coordinates of P calculated. Lastly, plot the trajectory of point P. 
 



Problem 2 (P5.1 and P3.3, 50 points) Consider the two positions provided in the figure. (a) 

Using graphical method to determine the corresponding pivot. (b) Analytically, find the 

coordinates of the pivot. (c) Design a crank-rocker four-bar linkage to give the two positions 

rocker motion (Example 3-2, p.105). 
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Zion H. Brown 
September 29, 2021 
Kinematics HW 2 
My MATLab Code is in the submission folder.  

Plot: theta2 vs theta3open 
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Zion H. Brown 
September 29, 2021 
Kinematics HW 2 
Plot: theta2 vs theta4open 
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Plot: RPax vs RPay 
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TOPICS COVERED IN HOMEWORK 3 

 

1. Velocity analysis 

2. Acceleration analysis 
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Homework #3 Due 10/20/2021 
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Student’s name: ______________________               Grade: ____________ 

Problem 1. (50 points): In the four-bar mechanism below, link 2 is rotating CCW at the rate of 4 

rad/s (constant). In the position shown, link 2 is horizontal and link 4 is vertical. Determine the 

angular velocity of links 3 and 4.  

 
 

Link lengths:  in,  in 

 

 

 

 

 

Problem 2 (50 points).  

Motion of the equilateral triangular plate  in its 
plane is controlled by the hydraulic cylinder . If the 
piston rod in the cylinder is moving upward at the 
constant rate of  during an interval of its 
motion, for the instant when  , calculate (a) 
the velocity and acceleration of the center of the 
roller  in the horizontal guide and (b) the angular 
velocity and angular acceleration of edge . 
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TOPICS COVERED IN HOMEWORK 4 

 

1. Cam design using polynomial function 
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Use this page as your cover page 
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Problem 1. Design the rise function for double-dwell cam using polynomial function. 

Problem:  Consider the following double-dwell cam specification 

 dwell at zero displacement for 90 degrees (low dwell) 

 rise   in 90 degrees 

 dwell at  for 90 degrees (high dwell) 

 fall   in 90 degrees 

 cam  2  rad/sec 

Boundary conditions: 

 when  when  

 0  

 0 0 

 0 0 

 0 0 

 

Hint: The procedure is similar to Example 8-5 (page 431) on the textbook. 
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GRADED DISCUSSION FORUM # 1 

 

TOPICS COVERED IN GRADED DISCUSSION FORUM #1 

 

1. Degree of freedom 

2. Number synthesis 
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GRADED DISCUSSION FORUM # 2 

 

TOPICS COVERED IN GRADED DISCUSSION FORUM #2 

 

1. Linkage synthesis 
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GRADED DISCUSSION FORUM # 3 

 

TOPICS COVERED IN GRADED DISCUSSION FORUM #3 

 

1. Vector loop equation 

 

 

 
 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

             

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ABOVE AVERAGE  

 

 
 



chang
Typewritten Text
Christopher Medlow

chang
Pencil



 

 

 

 

 

 

 

 

 

 

 

 

 

 

AVERAGE  
 



chang
Pencil



 

 

 

 

 

 

 

 

 

 

 

 

 

BELOW AVERAGE  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



chang
Pencil



 

 

 

 

 

KINEMATICS DESIGN AND ANALYSIS 
FALL 2021 

 

 

GRADED DISCUSSION FORUM # 4 

 

TOPICS COVERED IN GRADED DISCUSSION FORUM #4 

 

1. Velocity analysis 

2. Acceleration analysis 
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GRADED DISCUSSION FORUM # 5 

 

TOPICS COVERED IN GRADED DISCUSSION FORUM #5 

 

1. Cam classification 

 

 

 
 

 

 



Classify the following cam-follower systems: 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

             

 

 

 

 

 

 

 

 

System Follower 

motion 

Follower 

shape 

Cam 

motion 

Cam 

shape 

Relative 

motion 

Joint closure 

(a)       

(b)       

(c)       

(d)       

(e)       

(f)       
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GRADED DISCUSSION FORUM # 6 

 

TOPICS COVERED IN GRADED DISCUSSION FORUM #6 

 

1. Cam design by constant acceleration 

 

 

 
 

 

 



 
This figure shows the  diagram for a double dwell cam design. Constant acceleration function is used for the rise 

function where . Answer the following questions: 

1. What are the boundary conditions for ? 

2. What are the boundary conditions for ? (assuming  needs to rise to  at the end of the 

rise) 

3. Find the  function for 0 to  and  to  respectively by integrating  function and apply 

boundary conditions. 

4. Find the  function for 0 to  and  to  respectively by integrating  function and apply 

boundary conditions. Hint, at , . You can also express  in terms of . 
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PROJECT TITLE Four-bar Linkage Simulation and Analysis 

 

TOPICS COVERED IN PROJRCT 

 

1. Grashoff condition 

2. Linkage modelling using NX 

3. Linkage motion simulation using NX 

4. Linkage position, velocity and acceleration analysis using MATLAB 

 

 
 

 

 



MCEG3305: Kinematics Design and Analysis 
Fall 2021 

 

Project:  Pedal Bin Mechanism Design and Analysis  

 

I. Project description 
This is a group project to design and analyze the pedal bin mechanism using Siemens NX and 

MATLAB. You need to model and simulate your mechanism using Siemens NX and perform 

position, velocity, and acceleration analysis with MATLAB.  

 

II. The pedal bin mechanism: 
 

 
Figure 1. The pedal bin mechanism [1] 

 

Figure 1 shows the closed and open position of the pedal bin mechanism. It shows the fixed and 

moving pivots. 

 

III. Design Tasks: 
1. Determine the dimension of the pedal bin mechanism; 

2. Create the pedal bin using NX; 

3. Create the assembly of the mechanism; 

4. Create the links and joints for the motion analysis; 

5. Select input/driver joint, assuming an angular velocity and perform the motion analysis; 

6. Note the angles of the pedal and the lids for the open and closed positions; 

7. Create a mpeg video or other sort of animation to demonstrate your motion; 

8. Analyze the position, velocity and acceleration of the linkage using MATLAB; 



9. Plot the position, velocity and acceleration and compare the results with the motion 

simulation. 

 

IV. Deliverable Results: 
1. Proposal report: maximum 2 pages; Due date: Oct. 20. 

The proposal must describe: 

 A. Proposed work schedule. 

 B. Tasks distribution. (What will each group member work on?) 

 

2. Final Project Presentations (Nov. 24): Every group will be asked to give a 10-minute 

presentation using PowerPoint. 

 

3. Final Report and soft copy of your project (Due: Dec. 1) 

A. A final report in electronic format should be documented in Word format. There is no 

specific format and page limitation, but your report should include the following contents: 

o Abstract (100-150 words); 

o Introduction (design objectives); 

o Project description (mechanism’s functional requirements, design constrains, 

design parameters, etc.); 

o NX models and motion (models of components, drafting of major components, 

assembly, extreme positions, motion analysis and simulation, etc.); 

o Position, velocity, and acceleration analysis using MATLAB (equations used, 

MATLAB code, MATLAB plots; comparison with the NX motion, etc.) 

o Conclusion and suggestion; and 

o Reference, if any. 

 

 B. Please submit 

Electronic version of the report, presentation, and your project as one compressed 

file to Canvas. 

 

4. Taskstream submission (Due: Dec. 1) 

Submit the final report to Taskstream in response to Outcome 1 Assignment 1 



V. Point Distribution: 

Category    Points 
Proposal 

 

30 

 

 

 

 

Quality, completeness 

and results (120 pts) 

Create NX model 20 

Assembly of the mechanism 10 

Motion demonstration 30 

Determine input/output joint for position 

analysis 

10 

Analyze the position, velocity and acceleration 

of the linkage using MATLAB 

30 

Plot the position, velocity and acceleration and 

compare the results with the motion 

simulation. 

 

20 

Final presentation 50 

 

Final report 

Format  30 

Phrasing and clarity 30 

Neatness  20 

Taskstream submission 20 

Peer evaluation  

 

100 

 

Total  

 

400 

 
 

 

Reference: 

[1] Ryan, V., “The pedal mechanism 1”, https://technologystudent.com/rmprep09/ped1.html 

(March 28, 2021) 
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Category    Points Score 
Proposal 

 

30 28 

 

 

 

 

Quality, completeness 

and results (120 pts) 

Create NX model 20 18 

Assembly of the mechanism 10 10 

Motion demonstration 30 24 

Determine input/output joint for position 

analysis 

10 10 

Analyze the position, velocity and 

acceleration of the linkage using 

MATLAB 

30 28 

Plot the position, velocity and 

acceleration and compare the results with 

the motion simulation. 

 

20 20 

Final presentation 50 48 

 

Final report 

Format  30 28 

Phrasing and clarity 30 27 

Neatness  20 18 

Taskstream submission 20 20 

Peer evaluation  

 

100 80 

 

Total  

 

400 
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AVERAGE  
 

PROJECT REPORT



 

MCEG 3305 Kinematic Design and Analysis 

FINAL REPORT 

THE PEDAL BIN MECHANISM  

 

    

Prairie View A&M University  

Roy G. Perry College of Engineering 

Dr. Chang Duan 

Kinematic Design and Analysis instructor 

 

      Idris Agboola, Cameau Poort, Edwin Godfrey II, Winston Wright 

 

 

  



Category    Points Score 
Proposal 

 

30 30 

 

 

 

 

Quality, completeness and 

results (120 pts) 

Create NX model 20 20 

Assembly of the mechanism 10 10 

Motion demonstration 30 30 

Determine input/output joint for position analysis 10 10 

Analyze the position, velocity and acceleration of 

the linkage using MATLAB 

30 8 

Plot the position, velocity and acceleration and 

compare the results with the motion simulation. 

 

20 5 

Final presentation 50 38 

 

Final report 

Format  30 20 

Phrasing and clarity 30 25 

Neatness  20 15 

Taskstream submission 20 20 

Peer evaluation  

 

100 80 

 

Total  

 

400 

 

311 

 

 

 

  



 

Abstract 

 

The findings of the group on designing the pedal bin mechanism with Siemens 

NX and analyzing position, velocity, and acceleration with MATLAB are presented 

in this study. The pedal bin mechanism is a simple and frequent design for high-end 

domestic trash bins that are more expensive due to its quality mild steel construction. 

A series of linked narrow pieces of steel is required for proper operation. The first 

linkage moves downwards as the foot is pressed on the pedal, while the second 

linkage moves upwards. The lid's moving pivot is attached to the second linkage. 

Finally, the pivot is secured, allowing the lid to rotate. This linkage is a form of 

mechanism that emerges from pivots and levers being able to move freely. The team 

used a detailed schematic of the pedal mechanism to create the final model, which 

was based on the measurements provided in the report's NX Models and Motion 

section. The team must also examine many design needs and restrictions in addition 

to the models and performance charts. The group employed many engineering 

principles to overcome the project's complexity and offer a final simulation because 

it required a professional team and multiple machinery and equipment. 
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Introduction 

 

Fig 1.1 Design Objectives:  

•  Determining the dimension of the pedal bin mechanism 

• Creating the pedal bin using NX 

• Creating the assembly of the mechanism 

• Creating the links and joints for the motion analysis 

• Selecting input/driver joint, assuming an angular velocity and performing 

the motion analysis 

• Note the angles of the pedal and the lids for the open and closed positions 

• Creating a mpeg video or other sort of animation to demonstrate motion 

• Analyze the position, velocity and acceleration of the linkage using   

 MATLAB 

• Plotting the position, velocity and acceleration and comparing the results 

with motion Simulation 

Fig 1.2 Project descriptions:  

• Using Siemens NX and MATAB, this group project will design and analyze 

the pedal bin mechanism. With NX, we were able to model and simulate the 

pedal bin mechanism, and with MATLAB, we were able to examine the 

location, velocity, and acceleration. A linkage is a sort of mechanism that 

contains fixed pivots, moving pivots, and levers. The fixed and moveable 

pivots that allow the pedal bin mechanism to close and open are shown in 

Figure 1.1. The design functions have a number of requirements, including 

but not limited to tools/equipment requirements, labor training requirements, 

and material needs. 

 

 

 

 



 

 

 

 

 

Fig 2.1 Requirement: 

• Our group wants to provide an attractive pedal bin design that is easy to use, 

and an adequate sign compared to the competition. NX and MATLAB are 

essential to us testing the results for our position analysis on our design. 

These pedal bins are essential to every household and business as well. They 

allow no hands to be used when throwing away trash. Which in the time we 

are in now with trying to contain the spread of covid this is something very 

essential in stopping the spread of the virus. The bin has the foot pedal 

which is where the name originates from and that needs to be efficient and 

not break. There are 2 links in the system that are used to open the top of the 

pedal bin when the foot pedal is hit. In our design we chose to make the 

circular body of the pedal bin a #304 stainless steel sheet to preserve the 

material and keep it from rusting. The last thing you want in an indoor trash 

can is rust as this will be near little kids as well as household pets. This also 

saves money one less reason to get a new trash can.  

 

Fig 2.2 Constraints:  

• A major constraint in designing the pedal bin mechanism for the waste bin is keeping the 

estimated cost affordable to manufacture. Keeping the Estimated price under £3.00 may 

be challenging considering this can be a relatively expensive mechanism. This is due to 

the range of equipment needed and the cost of employment of a semi-skilled workforce. 

 

 

 

 

 



 

 

Fig 3.1 Components of the pedal Bin 

• Bin Assembly (Animation) 

Pedal bin     Foot Pedal  

           

Rod       lid 

         

Waste Basket  

       

 

 

 



 

 

Fig 3. 2NX Models and Motion 

 

 

 

 

 

 

 

 

 

 

 

 



 

Fig 3.3 Position Analysis 

Matlab Code 
a = 15.6; 

b = 21.9; 

c = 35; 

d = 1.9; 

theta_2 = 90;  

K_1 = d/a; 

K_2 = d/c; 

K_3 = (a^2 + c^2 + d^2 - b^2)/(2*a*c); 

K_4 = d/b; 

K_5 = (c^2 - d^2 - a^2 - b^2)/(2*a*b); 

A_p = cosd(theta_2) - K_1 - K_2*cosd(theta_2) + K_3; 

B_p = -2*sind(theta_2); 

C_p = K_1 - (K_2 + 1)*cosd(theta_2); 

D_p = cosd(theta_2) - K_1 + K_4*cosd(theta_2) + K_5; 

E_p = -2*sind(theta_2); 

F_p = K_1 + (K_4 - 1)*cosd(theta_2) + K_5; 

theta_3_open = 2*atand(-E_p - sqrt(E_p^2 - 4*D_p*F_p)/(2*D_p)); 

theta_3_crossed = 2*atand(-E_p + sqrt(E_p^2 - 4*D_p*F_p)/(2*D_p)); 

theta_4_open = 2*atand(-B_p - sqrt(B_p^2 - 4*A_p*C_p)/(2*A_p)); 

theta_4_crossed = 2*atand(-B_p + sqrt(B_p^2 - 4*A_p*C_p)/(2*A_p)); 

omega_2 = 25; theta_3 = theta_3_crossed;  

j = sqrt(-1); 

 

 

 

 

 



 

 

Figure 3.4 Velocity Analysis 

omega_3 = ((a*omega_2)/b)*(sind(theta_4 - theta_2)/sind(theta_3 - theta_4)); 

omega_4 = ((a*omega_2)/c)*(sind(theta_2 - theta_3)/sind(theta_4 - theta_3)); 

V_A = a*omega_2*(-sind(theta_2) + j*cosd(theta_2)); 

V_Ax = a*omega_2*(-sind(theta_2)); 

V_Ay = a*omega_2*(j*cosd(theta_2)); 

V_BA = b*omega_3*(-sind(theta_3) + j*cosd(theta_3)); 

V_BAx = b*omega_3*(-sind(theta_3)); 

V_BAy = b*omega_3*(j*cosd(theta_3)); 

V_B = c*omega_4*(-sind(theta_4) + j*cosd(theta_4)); 

V_Bx = c*omega_4*(-sind(theta_4)); 

V_By = c*omega_4*( j*cosd(theta_4)); 

 

 

 

Fig 4.1 Acceleration Analysis  



A_a = c*sind(theta_4); 

B_a = b*sind(theta_3); 

C_a = a*alpha_2*sind(theta_2) + a*(omega_2^2)*cosd(theta_2) + b*(omega_3^2)*cosd(theta_3) + 

c*(omega_4^2)*cosd(theta_4); 

D_a = c*cosd(theta_4); 

E_a = b*cosd(theta_3); 

F_a = a*alpha_2*cosd(theta_2) + a*(omega_2^2)*sind(theta_2) + b*(omega_3^2)*sind(theta_3) + 

c*(omega_4^2)*sind(theta_4); 

alpha_3 = (C_a*D_a - A_a*F_a)/(A_a*E_a - B_a*D_a); 

alpha_4 = (C_a*E_a - B_a*F_a)/(A_a*E_a - B_a*D_a); 

A_A = a*alpha_2*(-sind(theta_2) + j*cosd(theta_2)) - a*(omega_2^2)*(cosd(theta_2) + j*sind(theta_2)); 

A_Ax = -a*alpha_2*sind(theta_2) - a*(omega_2^2)*cosd(theta_2); 

A_Ay = a*alpha_2*cosd(theta_2) - a*(omega_2^2)*sind(theta_2); 

A_BA = b*alpha_3*(-sind(theta_3) + j*cosd(theta_3)) - b*(omega_3^2)*(cosd(theta_3) + j*sind(theta_3)); 

A_BAx = -b*alpha_3*sind(theta_3) - b*(omega_3^2)*cosd(theta_3); 

A_BAy = b*alpha_3*cosd(theta_3) - b*(omega_3^2)*sind(theta_3); 

A_B = c*alpha_4*(-sind(theta_4) + j*cosd(theta_4)) - c*(omega_4^2)*(cosd(theta_4) + j*sind(theta_4)); 

A_Bx = -c*alpha_4*sind(theta_4) - c*(omega_4^2)*cosd(theta_4); 

A_By = c*alpha_4*cosd(theta_4) - b*(omega_4^2)*sind(theta_4); 

 

 

 

 

 

 

 

 

 

Fig 4.2 Conclusions:  



In conclusion, the pedal bin mechanism is an invention that has already been 

created long before as our group uses these designs in household trashcans 

worldwide. The job as mechanical engineers are to innovate a more efficient way 

for them to work. Whether it be by changing dimension, material, etc for the bin. 

In our design we use the dimensions 35.10”H as the height of our bin and we 

believe that with the materials used and manufacturing processes we can deliver a 

bigger pedal at half the price of the competition. That is what sets our design apart 

from the competition. The current competition is charging $430 for there 20L bin 

that has a height of 24.8”H [1]. Therefore, compared to the competition our 

product will increase in sales at a higher rate.  
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Abstract and Description 

 In this project, we were instructed to, as a group create a moving functional 

model of a trash bin using NX or AutoCAD. After which we were to use processes 

taught to us in class to do a Position, Velocity, and Acceleration Analysis on it, 

and write a code solving for each using the coding software, MatLab. All of which 

were to be presented in a PowerPoint to the class and instructor for grading. For 

the model of the bin, we had 7 pieces making up the full model: the pedal, a linking 

bar under the bin, a hinge, another bar behind the bin, the top, and the bin itself. 

All of these were made individually in their own NX files, then stripped together to 

make the full mechanism.  

 

 Once the full mechanism was made, we then had to rig it all up so that the 

top could move inversely with the pedal being moved up and down. Once that was 

made to specifications and recorded, the operation moved onto MatLab. Where we 

were instructed to perform position analysis, as well as velocity and acceleration 

analyses and transfer them into code using the software. Once done, we formatted 

it all into a powerpoint in order of how each happened: the models, the full model 

and animation, the analyses, and lastly the code. 

 

  



Category    Points Score 
Proposal 

 

30 28 

 

 

 

 

Quality, completeness and 

results (120 pts) 

Create NX model 20 20 

Assembly of the mechanism 10 10 

Motion demonstration 30 25 

Determine input/output joint for position analysis 10 7 

Analyze the position, velocity and acceleration of 

the linkage using MATLAB 

30 8 

Plot the position, velocity and acceleration and 

compare the results with the motion simulation. 

 

20 5 

Final presentation 50 36 

 

Final report 

Format  30 20 

Phrasing and clarity 30 15 

Neatness  20 15 

Taskstream submission 20 20 

Peer evaluation  

 

100 80 

 

Total  

 

400 

 

289 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Models 

 

Pedal 

Link 

(Underneath) 



Hinge 

Bar 



Arm 

Top 



Bin (Body) 

Full Assembled Trash Bin 

 

 

 



Animated Assembly 

 

(Included in Presentation) 

 

Code for Analyses 

 



 

 

 

 

 



Conclusion 

In all, this was a very eye opening project, and served as a great way to use what 

we had learned previously in a semi-realistic scenario. It also served as a great eye 

opener to the things we might not have known prior to doing this project. 




