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Course Description in ABET Format
MCEG 4306 Dynamic Systems and Controls

Course number and name:

MCEG 4306 Dynamic Systems and Controls

Credits and contact hours:

3 credit hours; 3 contact hours

Instructor’s or course
coordinator’s name:

Dr. Shield Lin

Text book: Title:

System Dynamics for Engineering Students

Author:

Nicolae Lobontiu

Publisher, Year & Edition:

Academic Press, an Imprint of Elsevier, San Diego, CA, 2018, 2" Edition

a. Other Supplemental material

MATLAB/Simulink, Release R2020a, MathWorks Inc., Natick, Massachusetts.

Specific course information

a. Brief description of the content of the
course (catalog description)

The scope of this course includes mathematical modeling, analysis, and
feedback control of dynamic systems. Topics include free and force vibrations
of single and multiple degrees of freedom systems. Transient, steady-state, and
stability of linear feedback control systems will be studied in the course.

b. Prerequisites

MCEG 2053 — Engineering Mechanics II.
MATH 2043 — Differential Equations.

c. *Indicate whether a required, elective,
or selected elective (as per definition
provided) course in the program

Required.

Specific goals for the course

Students will be able to:

a. specific outcomes of instruction (e.g.
The student will be able to explain the
significance of current research about a
particular topic.)

Upon completion of this course, the students will be able to solve dynamic
system problems and have an overview of feedback control systems. The
students will learn to:

* derive equations from simple components, proceed to the objects’ assembly,
and arrive at the system interaction level;

+ use modeling, procedures, and techniques to solve dynamic system
equations; and

+ use computer tools to solve dynamic and feedback control systems.

b. Explicitly indicate which of the student
outcomes listed in Criterion 3 or any
other outcomes are addressed by the
course.

This course addresses:

Outcome 1

Ability to identify, formulate, and solve complex engineering problems (CEP)
by applying principles of engineering, science, and mathematics.

Brief list of topics to be covered

1. Mechanical elements and systems (12 hours)

2. Modeling and solution techniques of dynamics systems (12 hours)
3. Electromechanical coupling systems (9 hours)

4. Feedback control systems (12 hours)




Detailed Course Syllabus
(Distributed to Students at the beginning of the Semester)
ABET Outcomes measured using course should be
explicitly listed in the syllabus
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PRAIRIE VIEW

SYLLABUS

A&M UNIVERSITY

Instructor:
Section # and CRN:

Office Location:

Office Phone:
Email Address:
Office Hours:

Mode of Instruction:

Course Location:

Class Days & Times:
Catalog Description:

Prerequisites:
Co-requisites:

Required Text(s):

Recommended
Text(s):

MCEG 4306 Dynamic Systems and Controls
Spring Semester 2022

Dr. Shield Lin
Section P02, CRN # 20244

S. R. Collins Building, Room 302A

(936) 261-9958

shlin@pvamu.edu

12:30 — 3:30 p.m. Tuesday and Thursday
Face to Face

S.R. Collins Building, Room 114

9:30 — 10:50 a.m. Monday and Wednesday

The scope of this course includes mathematical modeling, analysis, and feedback control
of dynamic systems. Topics include free and force vibrations of single and multiple
degrees of freedom systems. Transient, steady-state, and stability of linear feedback
control systems will be studied in the course.

MATH 2320 - Differential Equations and MCEG 2302 — Engineering Mechanics Il
N/A

“System Dynamics for Engineering Students, Concepts and Applications” by Nicolae
Lobontiu, 2nd Edition, Academic Press, Elsevier, 2017, ISBN 978-0-12-804559-6.

“Feedback Control of Dynamic Systems,” by G. F. Franklin, J.D. Powell, and A. Emami-
Naeini, 61 Edition, Pearson, New Jersey, 2009.

“Theory of Vibration with Applications,” by William Thomson, 5™ Edition, Prentice Hall,
1998.

Course Learning Outcomes:

Student Core Curriculum
Upon successful completion of this course, students will be able to: Learning Objective
Outcome # Alignment
Alighment
1 derive dynamic equations from components, proceed to the objects’ #1 Develop critical
assembly, and arrive at the system interaction level; thinking skills.
2 use modeling, procedures, and technigues with a computer tool to solve #1 Develop critical
dynamic system problems; thinking skills.
3 | conduct engineering design utilizing a modern computer tool for dynamic | #2 Develop
systems and write a project report. communication
skills.




The Mechanical Engineering Program Objectives are to produce graduates who have:

1. the techniques and skills necessary for modern mechanical engineering practices, and an ability to
function effectively in multi-disciplinary teams.

2. an ability in life-long learning skills, a knowledge of contemporary issues, and an ability to
communicate effectively.

3. an understanding of global and societal context in the aspects of professional and ethical
responsibility and the impact of engineering solutions on society.

4. the qualifications to be employed by major industries and government agencies in the State of
Texas and the nation.

5. the qualifications to pursue graduate degrees.

Fall 2018-Spring 2022 Student Learning Outcomes Assessment Matrix for MCEG Courses
ENGINEERING ACCREDITATION COMMISSION OF ABET NEW STUDENT LEARNING OUTCOMES
(Please read the important information below the table)

MCEG Courses ABET EACT Student Ouicomes 1-7

Fall 2018 | Spring 19 | Fall2019 |Spring 2020 | Fall2020 | Spring 2021 | Fall 2021 |Spring 2022
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2053 Engineering Mechanies 11 8SACS 8SACS 88ACS 8SACS 8SACS 8SACS
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IMPORTANT INFORMATION

8 Assessment is based on the the new outcome 1 but for regular problems, NOT CEP type problems. It is for SACS reporting only and will not be reported to ABET. However, the 1 page
assessment summary and grade sheet will be needed for SACS assessment report.

MCEG 1021 assessment is based on NX design project. Since ability to design using NX is important, it will be reported to ABET and SACS , and thus an assessment report will be needed.



Major Course Requirements

Method of Determining Final Course Grade

Course Grade Requirement Value Total
1. attendance, discussion, homework, quiz, etc. Various points 20%
2. Test1l 100 15%
3. Test 2 100 15%
4. Test 3 100 15%
5. Test 4 100 15%
6. Design Project 100 20%
Total: 100%
Grading Criteria and Conversion: 100
A =90-100
B = 80-89
C=70-79
D = 60-69
F =0-59

If a student has stopped attending the course (i.e. “stopped out”) at any point after the first day of class but did
not officially withdraw from the course and has missed assignments and exams, including the final exam, and
performed below the grade level of a D, a grade of FN (failed-non attendance) will be assigned for the final
course grade to ensure compliance with the federal Title IV financial aid regulations. In contrast, if the student
has completed all assignments and exams, including the final exam, but performed below the grade level of a
D, a grade of F will be assigned for the final course grade.

Detailed Description of Major Assignments:

Assignment Title or Description

Grade Requirement

1.Testl Derive equations of mechanical components and degree of freedom.

2. Test 2 Derive equations of dynamic systems and obtain solutions.

3. Test 3 Modeling and simulation of dynamic systems in MATLAB/Simulink.

4. Test 4 Fundamentals and applications of feedback control systems.

5. Design Project Model/simulate a dynamic system, design for specified goals, and write a report.

Course Procedures or Additional Instructor Policies

Taskstream

Taskstream is a tool that Prairie View A&M University uses for assessment purposes. One of your assignments
may be required to be submitted as an "artifact,” an item of coursework that serves as evidence that course
objectives are met. If applicable, more information will be provided during the semester by your department, but
for general information, you can visit Taskstream via the link in eCourses.

Assignments & Due Dates

All assignments must be submitted to Canvas before the due day and time, 30% of grade deduction for the late
submission between “Due” time and “Available Until” time. After “Available Until” time, the grade for the
assignment will be 0.

Email Messages
For non-urgent issues, the instructor encourages the students to use emails to communicate with the instructor.
The instructor will generally reply email messages in a few hours, at least within 24 hours.

Office Hours
The students, as a group or an individual, are welcome to schedule zoom meetings with the instructor during the
office hours. Scheduling can be done by an email request.

Grading Feedback
Other than the final design project, the instructor will grade assignments, discussions, and tests within one week.
The results of grading and comments will be posted on Canvas.

Professionalism of On-line Discussions
When responding to discussion assignments, all responders shall be professional during the entire




communication. We shall be considerate to others and use encouraging words even you do not agree with
other’s opinions. We also must adhere to the privacy of personal data.

Week

Week One:
01/19
Week Two:
01/24

01/26
Week Three:
01/31

02/02
Week Four:
02/07

02/09

Week Five:
02/14

02/16

Week Six:
02/21

02/23

Week Seven:
02/28

03/02

Week Eight:
03/07

03/09

Week Nine:
03/14-19
Week Ten:
03/21

03/23

Week Eleven:
03/28

03/30

Week Twelve:
04/04

04/06

Week Thirteen:
04/11

04/13

Week Fourteen:

04/18
04/20
Week Fifteen:
04/25
04/27
Week Sixteen:
05/02
05/04

Semester Calendar for Spring Semester 2022

Description

Introduction of Dynamic Systems and Controls and Software Access

Mechanical Elements - Spring
Mechanical Elements - Inertia

Mechanical Elements - Damper
Mechanical Systems — Degrees of Freedom

Equivalence of Mechanical Elements in Dynamic Systems
Test 1

Single Degree of Freedom System — Free Response
Single Degree of Freedom System — Forced Response

Multiple Degree of Freedom System — Free Response
Multiple Degree of Freedom System — Forced Response

Summary of Equations in Dynamic Systems
Fundamentals of Simulink

Applications of Simulink in Dynamic Systems
Test 2

Spring Break Week

Laplace Transform in Dynamic System
Founders Day/Honors Convocation (class cancelled)

Transfer Functions and Time Response
Solving Dynamic Systems in Frequency-Domain

Frequency-Domain Application — Mechanical Vibration
Test 3

Concepts of Feedback Control of Dynamic Systems
Block Diagrams in Control Systems

Transfer Functions in Control Systems
Active Control vs. Passive Control Systems

Test 4
Project Presentation and Discussions

Project Presentation and Discussions
Guest Speaker/Industrial Applications



Student Support and Success

John B. Coleman Library

The John B. Coleman Library’s mission is to enhance the scholarly pursuit of knowledge, to foster
intellectual curiosity, and to promote life-long learning and research through our innovative services,
resources, and cultural programs, which support the Prairie View A&M University’s global mission of
teaching, service, and research. It maintains library collections and access both on campus, online, and
through local agreements to further the educational goals of students and faculty. Website:
https://www.pvamu.edu/library/; Phone: 936-261-1500

Academic Advising Services

Academic Advising Services offers students a variety of services that contributes to student success and
leads towards graduation. We assist students with understanding university policies and procedures that
affect academic progress. We support the early alert program to help students get connected to success
early in the semester. We help refer students to the appropriate academic support services when they are
unsure of the best resource for their needs. Faculty advisors support some students in their respective
colleges. Your faculty advisor can be identified in PantherTracks. Advisors with Academic Advising Services
are available to all students. We are located across campus. Find your advisor's location by academic major
at www.pvamu.edu/advising. Phone: 936-261-5911

The University Tutoring Center

The University Tutoring Center (UTC) offers free tutoring and academic support to all registered PVAMU
students. The mission of the UTC is to help provide a solid academic foundation that enables students to
become confident, capable, independent learners. Competent and caring staff and peer tutors guide
students in identifying, acquiring, and enhancing the knowledge, skills, and attitudes needed to reach their
desired goals. Tutoring and academic support are offered face-to-face in the UTC, in virtual face-to-face
sessions (https://www.pvamu.edu/student-success/sass/university-tutoring-center/), and through online
sessions (https://www.pvamu.edu/pvplace/). Other support services available for students include
Supplemental Instruction, Study Break, Academic Success Workshops, and Algebra Study Jam. Location:
J. B. Coleman Library, Rm. 307; Phone: 936-261-1561; Email: pvtutoring@pvamu.edu; Website:
https://www.pvamu.edu/student-success/sass/university-tutoring-center/

Writing Center

The Writing Center provides well-trained peer tutors to assist students with writing assignments at any stage
of the writing process. Tutors help students with various writing tasks from understanding assignments,
brainstorming, drafting, revising, editing, researching, and integrating sources. Students have free access
to Grammarly online writing assistance. Grammarly is an automated proofreading and plagiarism detection
tool. Students must register for Grammarly by using their student email address. In addition, students have
access to face-to-face and virtual tutoring services either asynchronously via email or synchronously via
Zoom. Location: J. B. Coleman Library, Rm. 209; Phone: 936-261-3724; Website:
https://www.pvamu.edu/student-success/writing-center/; Grammarly Registration:
https://www.grammarly.com/enterprise/signup

Academic Early Alert

Academic Early Alert is a proactive system of communication and collaboration between faculty, academic
advisors, and PVAMU students that is designed to support student success by promptly identifying issues
and allowing for intervention. Academic Early Alerts help students by providing a central location to
schedule advising appointments, view advisor contact information, and request assistance. Students who
recognize that they have a problem that is negatively affecting their academic performance or ability to
continue school may self-refer an Academic Early Alert. To do so, students will log in to PV Place and click
on Academic Early Alert on the left sidebar. Phone: 936-261-5902; Website:
https://www.pvamu.edu/student-success/early-alert/

Student Counseling Services

The Student Counseling Services unit offers a range of services and programs to assist students in
maximizing their potential for success: short-term individual, couples, and group counseling, as well as
crisis intervention, outreach, consultation, and referral services. The staff is licensed by the State of Texas
and assists students who are dealing with academic skills concerns, situational crises, adjustment
problems, and emotional difficulties. Information shared with the staff is treated confidentially and in
accordance with Texas State Law. Location: Hobart Taylor, 2" floor; Phone: 936-261-3564; Website:
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https://www.pvamu.edu/healthservices/student-counseling-services/

Office of Testing Services

Testing Services serves to create opportunities by offering a suite of exams that aid in the students'
academic and professional success. Currently, we administer entrance (HESI A2), college readiness (TSI
assessment), Prior Learning (CLEP, DSST), and proctored exams. Location: Wilhelmina Delco, 3 Floor,
Rm. 305; Phone: 936-261-3627; Email: aetesting@pvamu.edu; Website: www.pvamu.edu/testing

Office of Diagnostic Testing and Disability Services

The Americans with Disabilities Act (ADA) is a federal anti-discrimination statute that provides
comprehensive civil rights protection for persons with disabilities. Among other things, this legislation
requires that all students with disabilities be guaranteed a learning environment that provides for reasonable
accommodation of their disabilities. If you believe you have a disability requiring an accommodation, contact
the Office of Disability Services. As a federally-mandated educational support unit, the Office of Disability
Services serves as the repository for confidential disability files for faculty, staff, and students. For persons
with a disability, the Office develops individualized ADA letters of request for accommodations. Other
services include learning style inventories, awareness workshops, accessibility pathways, webinars,
computer laboratory with adapted hard and software, adapted furniture, proctoring non-standardized test
administrations, ASL interpreters, ALDs, digital recorders, Livescribe, and a comprehensive referral
network across campus and the broader community. Location: Hobart Taylor, Rm. 1D128; Phone: 936-
261-3583; Website: https://www.pvamu.edu/disabilityservices/

Center for Instructional Innovation and Technology Services (CIITS)

Distance Learning, also referred to as Distance Education, is the employment of alternative instructional
delivery methods to extend programs and services to persons unable to attend college in the traditional
manner. The Center for Instructional Innovation and Technology Services (CIITS) supports student learning
through online, hybrid, web-assist, and 2-way video course delivery. For more details and contact
information, visit:

https://www.pvamu.edu/dlearning/distance-learning-2-2/students-2/; Phone: 936-261-3283

Veteran Affairs

Veterans Services works with student veterans, current military and military dependents to support their
transition to the college environment and continued persistence to graduation. The Office coordinates and
certifies benefits for both the G.I. Bill and the Texas Hazlewood Act. Location: Evans Hall, Rm. 102; Phone:
936-261-3563; Website: https://www.pvamu.edu/sa/departments/veteranaffairs/

Office for Student Engagement

The Office for Student Engagement delivers comprehensive programs and services designed to meet the
co-curricular needs of students. The Office implements inclusive and accessible programs and services
that enhance student development through exposure to and participation in diverse and relevant social,
cultural, intellectual, recreational, community service, leadership development, and campus governance.
Location: Memorial Student Center, Rm. 221; Phone: 936-261-1340; Website:
https://www.pvamu.edu/studentengagement/

Career Services

Career Services supports students through professional development, career readiness, and placement
and employment assistance. The Office provides one-on-one career coaching, interview preparation,
resume and letter writing, and career exploration workshops and seminars. Services are provided for
students at the Northwest Houston Center and College of Nursing in the Medical Center twice a month or
on a requested basis. Distance Learning students are encouraged to visit the Career Services website for
information regarding services provided. Location: Anderson Hall, 2" floor; Phone: 936-261-3570; Website:
https://www.pvamu.edu/careerservices/

University Rules and Procedures

Academic Misconduct
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Academic dishonesty is defined as any form of cheating or dishonesty that has the effect or intent of
interfering with any academic exercise or fair evaluation of a student's performance. The college faculty
can provide additional information, particularly related to a specific course, laboratory, or assignment.

You are expected to practice academic honesty in every aspect of this course and all other courses. Make
sure you are familiar with the University Administrative Guidelines on Academic Integrity, which can be
found on the Academic Integrity webpage. Students who engage in academic misconduct are subject to
university disciplinary procedures. As listed in the University Administrative Guidelines on Academic
Integrity, the University Online Catalog, and the Student Code of Conduct, the following are examples of
prohibited conduct. This list is not designed to be all-inclusive or exhaustive. In addition to academic
sanctions, any student found to have committed academic misconduct that is also a violation of criminal
law may also be subject to disciplinary review and action by the Office of Student Conduct (as outlined in
the Student Code of Conduct).

Forms of Academic Dishonesty:

1. Cheating: Deception in which a student misrepresents that he/she has mastered information on an
academic exercise that he/she has not learned, giving or receiving aid unauthorized by the
instructor on assignments or examinations. Examples: unauthorized use of notes for a test; using
a "cheat sheet" on a quiz or exam; any alteration made on a graded test or exam which is then
resubmitted to the teacher;

2. Plagiarism: Careless or deliberate use of the work or the ideas of another; representation of
another's work, words, ideas, or data as your own without permission or appropriate
acknowledgment. Examples: copying another's paper or answers, failure to identify information or
essays from the internet and submitting or representing it as your own; submitting an assignment
which has been partially or wholly done by another and claiming it as yours; not properly
acknowledging a source which has been summarized or paraphrased in your work; failure to
acknowledge the use of another's words with quotation marks;

3. Collusion: When more than one student or person contributes to a piece of work that is submitted
as the work of an individual;

4. Conspiracy: Agreeing with one or more persons to commit an act of academic/scholastic
dishonesty; and

5. Multiple Submission: Submission of work from one course to satisfy a requirement in another
course without explicit permission. Example: using a paper prepared and graded for credit in one
course to fulfill a requirement and receive credit in a different course.

Nonacademic Misconduct

The university respects the rights of instructors to teach and students to learn. Maintenance of these rights
requires campus conditions that do not impede their exercise. Campus behavior that interferes with either
(1) the instructor's ability to conduct the class, (2) the inability of other students to profit from the instructional
program, or (3) campus behavior that interferes with the rights of others will not be tolerated. An individual
engaging in such disruptive behavior may be subject to disciplinary action. The Office of Student Conduct
will adjudicate such incidents under nonacademic procedures.

Sexual Misconduct

Sexual harassment of students and employees at Prairie View A&M University is unacceptable and will not
be tolerated. Any member of the university community violating the university's sexual harassment policy
will be subject to disciplinary action. In accordance with the Texas A&M University System guidelines, your
instructor is obligated to report to the Office of Title IX Compliance (titleixteam@pvamu.edu) any instance
of sexual misconduct involving a student, which includes sexual assault, stalking, dating violence, domestic
violence, and sexual harassment, about which the instructor becomes aware during this course through
writing, discussion, or personal disclosure. The faculty and staff of PVAMU actively strive to provide a
learning, working, and living environment that promotes respect that is free from sexual misconduct,
discrimination, and all forms of violence. If students, faculty, or staff would like assistance or have questions,
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they may contact the Title IX Coordinator at 936-261-2144 or titleixteam@pvamu.edu. More information
can be found at www.pvamu.edultitleix, including confidential resources available on campus.

Pregnancy, Pregnancy-related, and Parenting Accommodations

Title IX of the Education Amendments of 1972 prohibits sex discrimination, which includes discrimination
based on pregnancy, marital status, or parental status. Students seeking accommodations related to
pregnancy, pregnancy-related conditions, or parenting (reasonably immediate postpartum period) are
encouraged to contact Student Disability Services or the Dean of Students' Office for additional information
and to request accommodations.

Non-Discrimination Statement

Prairie View A&M University does not discriminate on the basis of race, color, sex, religion, national origin,
age, disability, genetic information, veteran status, sexual orientation, or gender identity in its programs and
activities. The University is committed to supporting students and complying with The Texas A&M University
System non-discrimination policy. It seeks to establish an environment that is free of bias, discrimination,
and harassment. If you experience an incident of discrimination or harassment, we encourage you to report
it. If you would like to speak with someone who may be able to afford you privacy or confidentiality, there
are individuals who can meet with you. The Director of Equal Opportunity & Diversity has been designated
to handle inquiries regarding the non-discrimination policies and can be reached at Harrington Science
Building, Suite 109 or by phone at 936-261-1744 or 1792.

Class Attendance Policy (See the University Online Catalog for Full Attendance Policy)

Prairie View A&M University requires regular class attendance. Attending all classes supports the full
academic development of each learner, whether classes are taught with the instructor physically present
or via distance learning technologies such as interactive video and/or the internet. Excessive absenteeism,
whether excused or unexcused, may result in a student's course grade being reduced or in the assignment
of a grade of "F." Absences are accumulated beginning with the first day of class during regular semesters
and summer terms. Each faculty member will include the University's attendance policy in each course
syllabus.

Student Academic Appeals Process

Authority and responsibility for assigning grades to students rest with the faculty. However, in those
instances where students believe that miscommunication, errors, or unfairness of any kind may have
adversely affected the instructor's assessment of their academic performance, the student has a right to
appeal by the procedure listed in the University Online Catalog and by doing so within thirty days of
receiving the grade or experiencing any other problematic academic event that prompted the complaint.

Technical Considerations

Minimum Recommended Hardware and Software:

Intel PC or Laptop with Windows 10 or later version; Mac with OS High Sierra*
Smartphone or iPad/Tablet with Wi-Fi*

High-speed Internet access

8 GB Memory

Hard drive with 320 GB storage space

15" monitor, 800x600, color or 16 bit

Sound card w/speakers

Microphone and recording software

Keyboard & mouse

Most current version of Google Chrome, Safari, or Firefox

Note: Be sure to enable Java & pop-ups in the Web browser preferences

* Smartphones, Google Chrome books, and Android tablets may not be supported. iPads are the only
tablets supported.

Participants should have a basic proficiency of the following computer skills:
e Sending and receiving email
e A working knowledge of the Internet
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Microsoft Word (or a program convertible to Word)
Acrobat PDF Reader

Windows or Mac OS

Video conferencing software

Netiquette (online etiquette)

Students are expected to participate in all discussions and virtual classroom chats as directed. Students
are to be respectful and courteous to others on discussion boards. Foul or abusive language will not be
tolerated. Do not use ALL CAPS for communicating to others AS IT CAN BE INTERPRETED AS YELLING.
Avoid slang terms such as "wassup?" and texting abbreviations such as "u" instead of "you." Limit and
possibly avoid the use of emoticons. Be cautious when using humor or sarcasm as tone is sometimes lost
in an email or discussion post, and the message might be taken seriously or sound offensive.

Video Conferencing Etiquette

When using Zoom, WebEx, or other video conferencing tools, confirm the visible area is tidy, clear of
background clutter, inappropriate or offensive posters, and other distractions. Ensure you dress
appropriately and avoid using high traffic or noisy areas. Stay muted when you are not speaking and avoid
eating/drinking during the session. Before the class session begins, test audio, video, and lighting to
alleviate technology issues.

Technical Support

Students should go to https://mypassword.pvamu.edu/ if they have password issues. The page will provide
instructions for resetting passwords and contact information if login issues persist. For other technical
guestions regarding eCourses, call the Center for Instructional Innovation and Technology Services at 936-
261-3283 or email ciits@pvamu.edu.

Communication Expectations and Standards
Emails or discussion postings will receive a response from the instructor, usually in less than 48 hours.
Urgent emails should be marked as such. Check regularly for responses.

Discussion Requirement

Online courses often require minimal to no face-to-face meetings. However, conversations about the
readings, lectures, materials, and other aspects of the course can occur in a seminar fashion. The use of
the discussion board will accomplish this. The instructor will determine the exact use of discussion boards.

Itis strongly suggested that students type their discussion postings in a word processing application such
as Word and save it to their PC or a removable drive before posting to the discussion board. This is
important for two reasons: 1) If for some reason your discussion responses are lost in your online course,
you will have another copy; 2) Grammatical errors can be greatly minimized by the use of the spell-and-
grammar check functions in word processing applications. Once the post(s) have been typed and corrected
in the word processing application, copy and paste to the discussion board.

COVID-19 Campus Safety Measures

To promote public safety and protect students, faculty, and staff during the coronavirus pandemic, PVYAMU
has adopted policies and practices to limit virus transmission.

e Self-monitoring - Students should follow CDC recommendations for self-monitoring. Students who
have a fever or exhibit symptoms of COVID-19 should participate in class remotely and should not
participate in face-to-face instruction.

e Face Coverings - Face coverings (cloth face covering, surgical mask, etc.) are recommended in
classrooms, teaching laboratories, common spaces such as lobbies and hallways, public study
spaces, libraries, academic resource, and support offices, and outdoor spaces where 6 feet of
physical distancing is challenging to maintain reliably.
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Physical Distancing - Physical distancing should be maintained between students, instructors,
and others in course and course-related activities where possible.

Personal lliness and Quarantine - Students required to quarantine are to participate in courses
and course-related activities remotely and must not attend face-to-face course activities. Students
should notify their instructors of the quarantine requirement. Students under quarantine are
expected to participate in courses and complete graded work unless they have symptoms that are
too severe to participate in course activities. Students experiencing personal injury or illness that is
too severe for the student to attend class qualify for an excused absence. To receive an excused
absence, students must provide appropriate documentation to the Office for Student Conduct,
studentconduct@pvamu.edu.
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End of Semester
Course Assessment Report

This summary contains the following Information

1. Performance Statistics

e Total number of students in class

e 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.

. Implementation Summary
e Brief summary of plans implemented during the semester based
on last assessment report

. Perceived Problems
e 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
o Instructor’s plans for addressing the perceived problems the next
time the class is taught.
. Overall Trend over last three assessment periods
e Instructors summary of overall performance trend for each
outcome measured over the last three periods.

. Were Expectations Met?
e 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.




Report Prepared by: Dr. Shield Lin

END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT
MCEG 4306-P02 Dynamic Systems and Controls
SPRING 2022 SEMESTER

Report Date: May 9, 2022

Outcome 1 (the course was evaluated

Number under Outcome a in 2018 and before)
SemeSter AnaIySIS Of Expected Expected Percent Class Average % Stud_ents
Type | Students | Awse | ofsuencato ey

Average
Spring 2022 Direct 35 70 70 74.8 71%
Spring 2021 Direct 35 70 70 735 69%
Spring 2020 Direct 21 70 70 76.9 71%

Implementation

Items implemented from
previous report or after
meeting previous instructor

This class covers two main areas: mechanical
vibrations and automatic controls; a great deal of

Performance Criteria for Outcome 1 - An ability to identify,
formulate, and solve complex engineering problems by applying

Summary materials for the students to learn in one semester. As S g g ’ )
stated in the last ABET assessment report, the principles of engineering, science, and mathematics:
::> instructor balanced the course materials between
equation derivation and computer simulation. . . . .
Nqame,yy required the e to oty dynamnic 1. Students are able to use techniques and skills acquired in
equations from given physical systems, and to solve their studies necessary for engineering practice.
the equations with a computer tool, . . . .
MATLAB/Simulink. (i) Students are able to utilize problem solving methods in
Perceived problems are their discipline, such as formulating differential equations
dirgc:Ly relgt_e;d to thedPC On averzgeli/lthetst:d;enés dtiddv'\:je” f(l)lr th(tehbtahlanced of motion from mechanical systems by Newton’s method
] and the sub items under | approach. Most of students did well with the ,
Perceived them computer tool and obtained output from the and L_agrange S method. StUder_]tS are also able to solve
Problems simulation; however, some of them could not interpret equations via eigen value and elgen vector approach,
::> the output results well. Laplace/Inverse Laplace transform, transfer function
approach, and bode plot. Feedback loop is introduced to
_ _ control a dynamic system.
Plans for address The instructor plans to ask the students to write a ) )
lans f specific measures to | Summary statement to explain the result for every 2. Students are able to use modern engineering tools
": dags or address PC and their | C4iut they obtain ffom running the necessary for engineering practice.
A brlessmg sub areas Students are able to solve and simulate dynamic systems
roblems ::> using current software used in the discipline,
— MATLAB/Simulink.
Overall Ascertain if there were
improvements over
Trend over previous semesters The overall trend of this class assessment is about
Periods 70% students meeting expected average.
Class Average >70 % and
We re, >70% of Students Performed
Expectatlons at or Above Expected
Met? Average. Yes
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Grade Sheet Showing

Student and Class Performance in Outcome (1)
Outcome (1) was evaluated in this semester by

Assessing students’ ability to solve complex engineering problems and to use
modern engineering tools necessary for engineering practice (outcome 1).

. Test 1: Calculation of elements in a dynamic System: mass moment of inertia, spring
constant, damping coefficient, etc. Determine Degree of freedom of system.

. Test 2: Derive equations of motion of dynamic systems and solve for dynamic
equations using MATLAB and Simulink.

. Test 3: Use MATLAB to covert equations between time domain and s domain
via Laplace Transform; use step function in MATLAB to solve a dynamic

motion of a MEMS problem; and use bode plot to illustrate transmissibility and
phase change of a dynamic system under a wide range of frequency of harmonic
input.

. Test 4: Use Simulink to simulate a given dynamic system and find out the force
transmitted to the wall (supporting structure). Add a PID controller to command an
actuator to the dynamic system in the purpose of reducing the force transmitted to the
wall.

(Although the individual test problems in the four tests are not full “complex
engineering problems,” they represent important equation derivations and solving
processes that can be used to solve a complex engineering problem. The “in-class”
tests are the best means to evaluate students’ ability. )

. Project — Simulation of an Active Suspension System for a VVehicle using self-
collected research information. It is a complex engineering problem, has no obvious
solution, includes many component parts, and involves mechanical, control, and
possible other disciplines, such as electrical, hydraulic, pneumatic, etc.




MCEG 4306-P02 Dynamic Systems and Controls
Grades Contributed to ABET Outcome (1)
Solving Complex Engineering Problems

Test1 |Test2 |Test3 |[Testd4 |Project |Average
Student Name 85 75 95 100 80 87.0
Student Name 50 45 83 90 80 69.6
Student Name 80 65 80 90 80 79.0
Student Name 70 75 70 95 80 78.0
Student Name 65 65 60 85 70 69.0
Student Name 70 50 50 95 70 67.0
Student Name 65 75 65 90 70 73.0
Student Name 35 60 50 80 70 59.0
Student Name 80 75 70 100 90 83.0
Student Name 70 75 65 100 80 78.0
Student Name 95 95 95 100 90 95.0
Student Name 85 70 60 60 70 69.0
Student Name 85 85 80 90 80 84.0
Student Name 70 80 65 100 70 77.0
Student Name 70 75 60 90 80 75.0
Student Name 75 80 77 100 80 82.4
Student Name 70 60 70 90 70 72.0
Student Name 92 55 60 95 70 74.4
Student Name 55 55 65 100 70 69.0
Student Name 70 55 50 90 80 69.0
Student Name 93 85 65 90 80 82.6
Student Name 75 50 60 100 80 73.0
Student Name 55 75 65 90 80 73.0
Student Name 65 55 55 90 80 69.0
Student Name 65 60 65 90 80 72.0
Student Name 80 85 90 90 90 87.0
Student Name 72 65 80 90 80 77.4
Student Name 70 55 40 90 70 65.0
Student Name 73 70 65 85 80 74.6
Student Name 70 50 70 100 60 70.0
Student Name 83 80 80 95 80 83.6
Student Name 85 45 70 80 65 69.0
Student Name 75 60 55 90 60 68.0
Student Name 85 75 55 90 70 75.0
Student Name 65 65 60 95 70 71.0
Expected Average: 70%
Class Average: 74.8
Number of Students meeting Expected Average: 25
% of Students meeting Expected Average: 71.4%
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DEPARTMENT
OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET
Dynamic Systems and Controls
Spring 2022
Instructor: Dr. Shield Lin

Title of Assignment

TEST 1: calculation of elements in a dynamic system: mass
moment of inertia, spring constant, and damping
coefficient; determine degree of freedom of a system.

Outcome Measured Using this Assignment

Outcome 1
An ability to identify, formulate, and solve complex engineering
problems by applying principles of engineering, science, and
mathematics.

Check the complex engineering problem characteristics related to this assignment

Assighment problem
involves wide-ranging or conflicting technical issues,
has no obvious solution
Addresses problems not encompassed by current standards and codes
involves diverse groups of stakeholders
includes many component parts or sub-problems
involves multiple disciplines
X | has significant consequences in a range of contexts
Assignment problem involves the application of the principles of
X | engineering
science
X | mathematics

Brief justification of why this assignment is suitable for this outcome

This test evaluates the students’ ability to identify and calculate important elements in a dynamic system, such as
equivalent values of mass moment of inertia, spring constant, and damping coefficient. Although the individual test
problems are not full “complex engineering problems,” they represent important identification and solving processes
that can be used to solve a complex engineering problem. The “in-class” tests are the best means to evaluate students’

ability.




DEPARTMENT
OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET

Dynamic Systems and Controls
Spring 2022
Instructor: Dr. Shield Lin

Title of Assignment

TEST 2 Formulation of Equations for Dynamic Systems and Solution
Procedures

Outcome Measured Using this Assignment

Outcome 1
An ability to identify, formulate, and solve complex engineering
problems by applying principles of engineering, science, and
mathematics.

Check the complex engineering problem characteristics related to this assignment

Assignment problem
involves wide-ranging or conflicting technical issues,
has no obvious solution
Addresses problems not encompassed by current standards and codes
involves diverse groups of stakeholders
includes many component parts or sub-problems
involves multiple disciplines
X | has significant consequences in a range of contexts
Assignment problem involves the application of the principles of
X | engineering
science
X | mathematics

Brief justification of why this assignment is suitable for this outcome

This test evaluates the students’ ability to formulate differential equations of motion from dynamic systems with mass
moment of inertia, springs, and dampers. Students are also requested to solve the dynamic equations and display the
variable results via MATLAB/Simulink. Although the individual test problems are not full “complex engineering
problems,” they represent important equation derivations and solving processes that can be used to solve a complex
engineering problem. The “in-class” tests are the best means to evaluate students’ ability.




DEPARTMENT
OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET

Dynamic Systems and Controls
Spring 2022
Instructor: Dr. Shield Lin

Title of Assignment

TEST 3 Use s-domain (Laplace Transform) and frequency domain (bode
plot) to solve dynamic equations and frequency input functions.

Outcome Measured Using this Assignment

Outcome 1
An ability to identify, formulate, and solve complex engineering
problems by applying principles of engineering, science, and
mathematics.

Check the complex engineering problem characteristics related to this assignment

Assighment problem
involves wide-ranging or conflicting technical issues,
has no obvious solution
Addresses problems not encompassed by current standards and codes
involves diverse groups of stakeholders
includes many component parts or sub-problems
involves multiple disciplines
X | has significant consequences in a range of contexts
Assignment problem involves the application of the principles of
X | engineering
science
X | mathematics

Brief justification of why this assignment is suitable for this outcome

Covert differential equations from time domain to s-domain via Laplace Transform; solve equation variables, and
display results and output in graphical forms via MATLAB. Bode plot is used to investigate system responses for wide
ranges of frequencies in input harmonic functions to a dynamic system. Although the individual test problems are not
full “complex engineering problems,” they represent important solving techniques that can be used to solve a complex
engineering problem. The “in-class” tests are the best means to evaluate students’ ability.




DEPARTMENT
OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET

Dynamic Systems and Controls
Spring 2022
Instructor: Dr. Shield Lin

Title of Assignment

TEST 4 Add a PID controller to a given dynamic system in the purpose
of reducing the output force transmitted to a supporting structure.

Outcome Measured Using this Assignment

Outcome 1
An ability to identify, formulate, and solve complex engineering
problems by applying principles of engineering, science, and
mathematics.

Check the complex engineering problem characteristics related to this assignment

Assighment problem
involves wide-ranging or conflicting technical issues,
has no obvious solution
Addresses problems not encompassed by current standards and codes
involves diverse groups of stakeholders
includes many component parts or sub-problems
involves multiple disciplines
X | has significant consequences in a range of contexts
Assignment problem involves the application of the principles of
X | engineering
science
X | mathematics

Brief justification of why this assignment is suitable for this outcome

Use Simulink to simulate a given dynamic system and find out the force transmitted to the wall (supporting structure).
Add a PID controller to command an actuator to the dynamic system in the purpose of reducing the force transmitted to
the wall. Although the individual test problem is not a full “complex engineering problem,” it represents important
knowledge and skill that can be used to solve a complex engineering problem. The “in-class” tests are the best means to
evaluate students’ ability.




DEPARTMENT
OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET

Dynamic Systems and Controls
Spring 2022
Instructor: Dr. Shield Lin

Title of Assignment

Project: Simulation of an Active Suspension System for a Vehicle
using self-collected research information.

Outcome Measured Using this Assignment

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

problems by applying principles of engineering, science, and
mathematics.

Check the complex engineering problem characteristics related to this assignment

Assighment problem

involves wide-ranging or conflicting technical issues,

X | has no obvious solution

Addresses problems not encompassed by current standards and codes
involves diverse groups of stakeholders

includes many component parts or sub-problems

involves multiple disciplines

has significant consequences in a range of contexts

ignment problem involves the application of the principles of
engineering

science

mathematics

]

x| Zx[x|x

X

Brief justification of why this assignment is suitable for this outcome

The students are to research an active suspension system used on a vehicle, describe the functionality of the active
suspension system, define the main variables, derive equations, and use the collected data and parameters to simulate the
suspension system via Simulink. Explain the simulation results and justify the purpose of having active suspension
systems in the modern vehicles. The assignment has no obvious solution, includes many component parts, and involves
mechanical, control, and at least one other discipline, such as electrical, hydraulic, pneumatic, etc.




bW

DYNAMIC SYSTEMS AND CONTROLS
SPRING 2022

Title of Assignment: TEST 1
TOPICS COVERED IN TEST 1

Spring Constant Equivalent of a System
Calculation of Damping Coefficient
Equivalent of Mass Moment of Inertia
Equivalent of Stiffness

Degree of Freedom of Dynamic Systems
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(Last name,  First name) (Signature)

The 1% Test

MCEG 4306 — Dynamic Systems and Controls, Spring 2022
February 9, 2022

(20%) problem 1.
Several springs are connected as illustrated in Figure 2.35(a). Knowing the
individual springs stiffnesses ky = 20 N/m, k; =30 N/m, k3 = 15 N/m,
ks =25 N/m, and ks =35 N/m, calculate the equivalent stiffness k., of
this spring ensemble, see Figure 2.35(b), which corresponds to point A of
the original chain.

24



(20%)

(2) A translatory-motion bearing with a cylindrical rod as shown in the figure.

Calculate the damping coefficient based on the geometric parameters and the fluid dynamic

viscosity p.
length of bearing: 1 = 0.04 m;
diameter of bearing: D = 0.012 m;
diameter of rod: d = 0.01 m;

bearing fluid dynamic viscosity p = 0.003 N s/m?,

Case d

7T ) . | Cap l
Rod —V>

€ [ SR 15 T
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(25%)
(3) Three shafts mesh through their respective gears as illustrated in the figure. Calculate the
total mass moment of inertia of the system transferred to the middle shaft. The shafts have the
same material. Their material property and geometric parameters are as follows:
Density p = 7800 kg/m?,
di1 =0.012 m,
l1=0.15m,
d2> =0.01 m,
l,=0.1m,
dz =0.009 m,
[3=0.13 m,
The number of teeth of the gears: N1 =22, N2 = 44, N3= 48, and N4 = 16.
Mass moment of inertia for wheels and gears are:
J1 =6-10"* kg m?
, =8-10"*kg m?
J3=9-10"*kg m?
Jo=4-10"*kg m?
Jw1 =1-10"3 kg m?
Jwz =9-10"* kg m?

Iy =

- L

Wheel | Bearings Ni, It
& 9° Shat am] *
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(25%)
(4) Three flexible shafts mesh through their respective gears as illustrated in the figure. Under
the condition the two wheels (J,,; and J,,,) are locked (which functioning as fixed supports),
determine the equivalent torsional stiffness of the system transferred to the middle shaft (the
students can choose at either location of N2 or N3). The material property and geometric
parameters are as follows:
The shear modulus G = 100(10)° (N/m?)
d: =0.012 m,
l1 =0.15m,
d2=0.01m,
I=0.1m,
dz =0.009 m,
I5=0.2 m,
The number of teeth of the gears: N1 =22, N2 = 44, N3= 48, and N4 = 16.
h

[ -
- >

Wheel - Ni, It e I
Ezanngs Shaft ;
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(5) Determine the degree of freedom (DOF) of the mechanical systems shown in the figure.

(The wheels are not locked.)
4

Wheel i Nt |
.B-e.anngs Shaft 1_:

(5%)
(@) Assume all shafts are rigid, the system’s DOF =

(5%)
(b) Assume all shafts are flexible (like springs), the system’s DOF =

28
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. The 1 Test
MCEG 4306 - Dynamic Systems and Controls, Spring 2022

I'ebruary 9, 2022

(20%) problem 1.

Several springs are connected as illustrated in Figure 2.35(a). Knowing the
individual springs stiffnesses ky = 20 N/m, k; = 30 N/m, k3 =15 N/m,
ks = 25 N/m, and ks = 35 N/m, calculate the equivalent stiffness k., of

this spring ensemble, see Figure 2.35(b), which corresponds to point A of
the original chain.
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(20%)
2) A translatory-motion bearing with a cylindrical rod as shown in the figure.
Calculate the damping coefficient based on the geometric parameters and the fluid dynamic
Vlscosn} LL.
length of bearing;: 7= 0.04 m;
diameter of bearing: D =0.012 m:
diameter of rod: d=0.01 m:

bearing fluid dynamic viscosity p = 0.003 N s/m?.

Case d
Cap """""':::'_: b Cap l v
1 Rod |-
| piviivimiteliilipid e T
—
g 0@
Vg = 2.
¥, V/
dv(z)fge = Ve
T= p-Vlg 9= (0d))
Az 1a. L
Jd: TA=
, », J
3 f\/s [m? . O0.0lm . O.01m
- 2 p-d L 97 . 0°°
k= e = R

D-«) O_oll' O.plm

0.00 333 Nslm

o
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(25%)
' (3) Three shafts mesh through their

total masg mom A espective gears as illustraFed in the‘ﬁgure. Caflcuylft?\l?}fe

& - ent ot iertia of the system transferred to the middle shaft. Thg s'ha ts have
- material. Their material property and geometric parameters are as follows:

Density p = 7800 ke/m?, ’

di=0.012 m,

=015 m,

d&=0.01 m.

L=0.1m.

d3=0.009 m.

3=0.13 m,

The number of teeth of the gears: N1 =22, N2 = 44, N3=48, and N4 = 16.

Mass moment of inertia for wheels and gears are:

J1=6:10"*kg m?

J2=8:10"%kg m?

J3=9-10"*kg m?

Ja=4-10"%kg m?

Jw1 =1-10"3 kg m?

Jw2 =9-10"* kg m?

Wheel H Bearings Shaft N‘;j‘,:_j
wAL
------------------------ fd‘
- Na, J
ot “73 b, .
d?* e i
==
L T -
Ny, Js e

2
3eqm: w5 P | <&>2<wa‘+ 7 )+ ( %\()(JW,‘TW‘A
N,

Jesm = W™ + frg L

Y =Y
g \2 1 - i 1( Yxo + 4% )
e 10 ‘)’GX‘O )‘J' Gb>
22) (1%
Jegm = 0,018 kgt @y
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(25%)

(4) Three flexiple sh
the condition ye two
determine the equiv
material Property anc geometric par

G =100(10)° (N/m?)

afts mesh throy
Wheels (/w1 @
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B of e er
: a1 * [igure. Unde
ih their respective gears as illustrated in l!m 1&- ke
- , ich functioning as fixed supp s
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2 Y
d1=O.012m. Njw v M N m
=015 m. -
d2=0.01 m. m
L=0.1m.
ds =0.009 m, 3
3=02m. _ 3=48, and N4 = 16. 472
The number of teeth of the gears: N1 =22, N2 =44, N (7 TP ‘- TI() o
/ : ) , -
‘ Gear K(‘: r— ,6
Wheel ?Efrings Shaft N\.:ﬁ: Z
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= .
N [
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(The wheels are not locked )
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The 1™ Test
MCEG 4306 — Dynamic Systems and Controls, Spring 2022

February 9. 2022

(20%) problem 1.

Several springs are connected as illustrated in Figure 2.35(a). Knowing the
individual springs stiffnesses k; = 20 N/m, ks =30 N/m, k3 =15 N/m,
ks =25N/m, and ks = 35 N/m, calculate the equivalent stiffness keq of

this spring ensemble, see Figure 2.35(b), which corresponds to point A of
the original chain.

(@) Figure 2.35

G =20N/m K= 2SN
K?_’&DNlm K6535N/m
5216 NIm

‘ i K
hnd. (@) caloviate e UV fent syithae [ Keg |
(D) wh ch covvesponds 10 pownt A 0f mg\ml chain

A QS - \ ) 20
iﬁﬂ..\&j_- 51X
K=(E&§- +\<L|\ XKy (4ol + 2
Kz tkz (' S0 +25X +2_o
(KZK; * K“)+k| 46
Ka+k2 - 700 =\2LN/mM
= (@f—- +125) %20 5%
30t 1S —

~ Keq= kis %6
) My

=lgNmtEN/My
(ke = an12N/m |
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g 7O

(2) A translatory-motion bearing with a cylindrical rod as shown in the figure.
Calculate the damping coefficient based on the geometric parameters and the fluid dynamic

viscosity L.

length of bearing: / = 0.04 m:
diameter of bearing: D = 0.012 m;

diameter of rod: ¢ =0.01 m;

bearing fluid dynamic viscosity p = 0.003 N s/m".

Case d -
Cap N Al Cap 1 0 U
T | v @ p 0.012M
Rod |-
i D T !
et
0.04m |
' Find' Dampio (oethicrent @ fluddynamic
Guwvent: L=0.04m vis st %M
D=0.012m
d=0.0lm

= 0.003 N/sm*
A lg48|8'
26D a\

17 (0.003 g ®) (0011 )(0-¢im)
’_;a)onm 0.0lm)

= 3, 7‘/9)"0

"Tx‘ﬁ/a: 7<
—q4w10 T N
[=q42a0 20
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(25%) -5
(3) Three shafts mesh through their respective gears as illustrated in the figure. Calculate the
total mass moment of inertia of the system transferred to the middle shaft. The shafts have the
gime‘material_ Their material property and geometric parameters are as follows:
ensity p = 7800 kg/m’ 7
G=0012m Find Jeq °
li=0.15m,
d>=0.01 m.
b=0.1 m.
d; =0.009 m.
13=0.13 m,
The number of teeth of the gears: N1 =22, N2 =44, N3= 48, and N4 = 16.
Mass moment of inertia for wheels and gears are:
Ji=6:10"*kgm? 2
J. =8-10"* kg m? +J (L\!l.)
J3=9-10"* kg m? dtq’J' 2 ("N
Jo =4-10"* kg m?
Jw1 =1-10"3 kgm?
Jwz =9-10"*kgm?

Jegq =Jw Hdi £ s .
\ = (1x10%kg mt )+ (ox 10~ kgm ’)—l*-fl{f.—

= 1, px 10~3kgm*+ 1800 Kg/m®x R L xR "
<

ek 3+2,0x107°

= 1.L024Xx1073

2
= %\lsix ot kg 44410 kgZ) ﬁ%iﬁf
1. 1xip 8+ ex 10

= 170076 102 kgM* |,
d%q=d4+43+ 7800 ar?0.1% ,
2 "
40y it 1900 ) (9 0F2) X0 1

- . 2
= 13 x 1021 0.0065 X 10 . _ "60005)(,0'3‘(7,"1
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(25%) it g.l d
. i i i in the figure. Under
(4) Three flexible shafts mesh through their respective gears as |lluslratcg :; e it

the condition the two wheels (J,,; and J,,) are locked (which T e o &
. 4 ddle shaft. The

determine the equivalent torsio‘r:al stiffn:ss of the system transferred to il
I(I;a—le]rioa(;([;roo)g?ilﬁ' as;d geometric parameters are as follo‘\f\‘\s:n d k Cq 7

= N/m~ i
di=0012m, 2,0130X10
Lh=0.15m.
d>=0.01 m.
L=0.1m.
d; =0.009 m,
l_; =0.2m.

! N2 = (3= 48, and N4 = 16.
The number of teeth of the gears: N1 =22, N2 =44, N3=48,a
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] ) <32 (0
32(0:1% o

9
+ 100 (10) 47 (0. 009 m)
— 2,2(0-2m) = 205, 0%
— 1250.4% + 991.256 + 22l
o= QT - looxATr [l%%«et q91is +321.90 ]
: 52 22 =[2. 004 x10 ‘SNW\\

46



(5) Determine the degree of freedom (DOF) of the mechanical systems shown in the figure.

(The wheels are not locked.)
/4

-10

P e o G- > S € A @ 4n_ @0 S S S0 4 = =

..........................

(5%) 2

(a) Assume all shafts are rigid. the system’s DOF = .

(5%)

(b) Assume all shafts are flexible (like springs). the system’s DOF = _ 7é__
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DYNAMIC SYSTEMS AND CONTROLS
SPRING 2022

Title of Assignment: TEST 2
TOPICS COVERED IN TEST 2

1. Derive Equations of Motion of Dynamic Systems
2. Solve for Dynamic Equations using MATLAB and Simulink



(Last name,  First name) (Signature)

Test 2

MCEG 4306 — Dynamic Systems and Controls, Spring 2022
March 9, 2022

1. A body mass m = 0.25 kg can move along x-direction being supported by two
identical springs of stiffness k = 10 N/m and two identical dampers with damping
coefficient c = 0.2 N s/m as shown in the figure. For an initial displacement of the

body mass x(0) = 0.2 m and zero initial velocity v(0) = 0 m/s. |=04m

(i) Derive the mathematical model of the body motion.

(i)  Calculate the time history x(t) and plot it by using MATLAB’s ode45 operator
for a duration of 8 sec.
In the MATLAB statement, define the function dx = (your name) (t,x) and
title as ‘your name’. Your MATLAB screenshot should include “user’s
path.”

Damper

Anchor

™

@,

Anchor pin

Spring
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(2) A mechanical system is shown in the figure, which is formed of a pinion, two
racks, a mass body, four springs, and one damper. The pinion comprises two
concentric disks forming a single solid part that rotates around a fixed axis passing
its center C. The pinion meshes (without slippage) with two racks that
consequently undergo translatory and parallel motions.

Given system parameters: m, = lkg,m, = 2.1kg,J. = 0.05 kg m? ,m5 =
0.6kg, by = 120, k; = 100+, c = 32N =,

R, = 0.015m,R, = 0.03m
A harmonic force f=5sin(t) N is applied at body mass ms,

K, Rack L K,
E—/\/\/\— m, " [ M,
Spring f’

Rack ——

(i) Derive the mathematical equations of the system.
(ii) Use Simulink to solve the equations and plot output for 10 sec. Output must
include your name, such as x_your_first_name, thada_your_last_name, etc.
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Test 2
MCEG 4306 -~ Dynamic Systems and Controls, Spring 2022
March 9, 2022

1. A body mass m = 0.25 kg can move along x-direction heing supported by two
identical springs of stiftness k = 10 N/m and two identical dampers with damping
coefticient ¢ = 0.2 N s/m as shown in the figure. For an initial displacement of the

_5 body mass x(0) = 0.2 m and zero initial velocity v(0) = 0 m/s. A=0-M
\ N (1) Derive the mathematical model of the body motion.
N (1) Calculate the time history x(t) and plot it by using MATLLAB’s ode45 operator

for a duration of 8 sec.
In the MATLAB statement, define the function dx = (your name) (t,x) and
title as ‘your name’. Your MATLAB screenshot should include “user’s

path.”

M }U”L\"" }o $ell dispetannie 5’( - L. D¥
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/
Anchor B lr-> V y
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( LILJ’XZ) z_/(’ J fd i X
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Ané‘br pin

my = - 2fe - A5d wf S
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0.4 X

x(0) is the initial condition of x when t=0, it should not be part of the
equation. Mat lob Simdi taly  foo lons,
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(2) A mechanical system is shown in the figure, which is formed of a pinion, two
racks, a mass body, four springs, and onc damper. The pinion comprises two
concentric disks forming a single solid part that rotates around a fixed axis passing
its center C. The pinion meshes (without slippage) with two racks that
consequently undergo translatory and parallel motions.

Given system parameters: my = lkg,m, = 2.1kg,/. = 0.05 kg m?,my =
N N oy
0.6kg,k, = 120;,1\'2 = l()()"—,(,‘ =32N=,
m m
R, = 0.015m,R, = 0.03m
A harmonic force /=5 sin(t) N is applied at body mass ms

(i) Derive the mathematical equations of the system.
(ii) Use Simulink to solve the equations and plot output for 10 sec. Output must
include your name, such as x_your_first_name, thada_your_last_name, etc.

7
Bod [ " 5‘(1.R
)| L
. * 2 -1 I %] ¥ 1 =
T,= smitt by €ty zgmon ta e Rz i et
1
. (]
=G ka) Fhk 2 Ky B b Lyt
) , 5 /{‘LL‘-,, 7 (I
¥ EC(¥>'Y3)
Q=0

54



T S v R
dD._.l y 22U +?F =0 = Mix, + Jc X) ! mzx»-ﬁ/’
N, PR &’

dé 9?(3 9)(_) -8—\(‘07

Ma¥, + KiYs () =5

V(M T pm B ) b (28T k) Feh -0
Ry® R~ R,

‘ 72.638721 ¥
Yi= 05006 Yy -056% X = (@A X

Y]:%’U\)Ya +C >.(| “C

X
D
My

X37 lbbb 7§ —200 ¥y +53.333 53 533 %,
\

55



56

4



AVERAGE



Test 2
Y 41 . . 9
MCEG 4306 — Dynamic Systems and Controls, Spring 2022
March 9, 2022

L. A body mass m =025 kg can move along x-direction being supported by two

identical springs of stiffness k = 10 N/m and two identical dampers with damping
.. 10 coefficient ¢ = 0.2 N s/m as shown in the figure. For an initial displacement of the
b_(’d)' mass x(0) = 0.2 m and zero initial velocity v(0) =0 m/s.
(1) Derive the mathematical model of the body motion. }
(i) Calculate the time history x(t) and plot it by using MATLAB'’s ode45 operator
for a duratio '
In the MATLAB Statement, define the function dx = (your name) (t,x) and
title as *your name’. Your MATLAB screenshot should include “user’s

path.”
M =0o- 25 bj

I—> k=10 Nim

X
" X
L=oMd ™
! B C=0-2 Ny~
y E fy (@) =31 w
Spring

Anchor

/
N(2) =0 m/f
—~— m e
fy

‘ fe fe
/ V
Anchor pin

m.;;-:-_QJCc —lg.usp 'p - x

aC (I =) % =2 U2
.” gt‘x* ' o T & .

>

58



MATLAB R2021b -

demic use

HOME PUBLISH

QSearch Documentation

Sign In

] & % %A | [E] Section Break
Lﬂ:' | {1z Compare ¥ = - d‘,é.‘l ot &1 Profiler E o D [E
—  Find » i P2 Run and Advance
New Open Save (5 Print v GoTo Refactor (S Analyze Run = Run  Step Stop
v v ~ [ Bookmark - - Section 2 Run to End -
FILE NAVIGATE CODE ANALYZE SECTION RUN =
< # (5 @l ¥ [0/ » Users » bashirsmacbook » Documents » MATLAB » v L
Current Folder ® [# Editor - /Use[s/bashirsma(book(Documents/MATLAB/exampleS_S.m ® x Workspace ®
B Name & untitled2 | example3_8.m + Name & Value
ﬁslprj ici 5 1 x0=0.2; v0=0; 7y :@ out 1x1 SimulationO...
examped S 2 [t,x]=0ded5(@BashirJaradeh, [0:0.001:8], [x0,v0]) ; =N 8001x1 double
|yfexainpled18isIx 3 plot(t,x(:,1)) — v 9
" example341.six a xlabelz A tu‘ne( - HH x 8001x2 double
example341.six.autosave g Hxo 0.2000
%) ExAmple 3_36.m 5 ylabel('x(t)") )
S 6 title('Bashir Jaradeh') XK ) Figure 1
7 function;dx= BashirJaradeh(};x) File Edit View Insert Tools Desktop Window Help ~
8 dx=zeros(2,1); —
9 n=0.2 =10; 1=0.4; Dede @ 08 KE
10 dx(1)
11 dx(2)= -2%k/mx(1)-2%c/mx(1-1/5qrt(172+x(1)"2) )*x(2) ; 02 . . . Bashir Jaradeh
12 end
13 I A \ ]
14 0.15 | | ( ( Il | | | I A
| | | || (| i [ | [
- ot | | ! Jiks LAl
Command Window | | | 1 U I ‘
>> example3_8 a0 (1] ( | | |
fi >> : | | | | ‘
|| | | | | |
e | 1
g 0 I
| | | [ | | | |
{
005 | | [ 1 | | |
| | | | |
| | | | |
| | | | I |
i ] i1
| || || | ( | |
015 | | | | | | | \! |
: | \ |
02
example318.six (Simulink Model) ~ 0 1 2 4 5 6 7/ 8
time{sec) F
A Zoom: 100% UTF-8 \ 3
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(2) A mechanical system is shown in the figure, which is formed of a pinion, two
racks, a mass body, four springs, and one damper. The pinion comprises tW0
concentric disks forming a single solid part that rotates around a fixed axis passing
1ts center C. The pinion meshes (without slippage) with two racks that
consequently undergo translatory and parallel motions.

Given system parameters: m, = 1kg,m, = 2.1kg, ] = 0.05 kg m* ,m3 =
0.6kg,ky = 120X k, =100%,c =32N 2,
m m m

R, =0.015m,R; = 0.03m
A harmonic force f= 3 sin(t) N is applied at body mass m3

k‘ Rack K,
m, my
Spring :

- Pinion Body
R

G/ Js
: Anchor

k, : & k,
m,

(i) Derive the mathematical equations of the system.
(ii)

Use Simulink to solve the equations and plot output for 10 sec. QOutput must
include your name, such as x_your_first_name, thada_your_last_name, etc.

k3 .
-‘Z'JLO + -é—"\, 2!

N-L‘Ze-'za =) (9-’2 = "1
\ . T —
s —imsx‘ - ‘23 e‘L
A, = Nb
= -~ ' b K
R A SR o B
=X z
- 7_‘:,13
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MATLAB Function |

& |"a example341 ¥ 4 MATLAB Function

1 function y = fen(u)

2 y= Sksin(u(1))f
SIMULATION DEBUG FORMAT APPS
JOpen ~ Cim < Stop Time | 10 -
= =[5 X & > ¥y 2
Now &l Save v Library Signal ¥ | Normal hd Step B Step Data Simulation
v (= Print ~ Browser Table @ Fast Restart Back ¥ v Forward Inspector Manager
FILE LIBRARY EPA SIMULAT
§ example341
g ® |"a example341 »
(3]
g Ql i) To create a connection, click a port, terminator, or line segment, and then click a compatible, highlighted model element. More information. Do not show again
<]
=
- an
g
- o 1 o 5 1
] + /] Dbt s | ox 5
|
a31 Bashir
M @y %
fen
1/m3 ‘ <
Jaradeh |
5|1 of 2
023 5 Dx3 s
Ly T
Scope
File Tools View Simulation Help E
\ h ¥ >
@- 0P - Q-0 §F &

Bashir, Jaradeh

——— Bashir
Jaradeh

‘Ready Sample based T=10.000
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Test 2
MCEG 4306 — Dynamic Systems and Controls, Spring 2022
March 9, 2022

1. A body mass m = 0.25 kg can move along x-direction being supported by two
& 1 5 identical springs of stiffness k = 10 N/m and two identical dampers with damping
coefficient ¢ = 0.2 N s/m as shown in the figure. For an initial displacement of the
body mass x(0) = 0.2 m and zero initial velocity v(0) = 0 m/s. 12D, Yo
(i) Derive the mathematical model of the body motion. %
(i)  Calculate the time history x(t) and plot it by using MATLAB’s ode45 operator
for a duration of 8 sec. ;
In the MATLAB statement, define the function dx = (your name) (t,x) and

- /( <&
=0, S J title as ‘your name’. Your MATLAB screenshot should include “user’s

K~ o M/~ path.”
C @) s En Sl
| X(0) = 0,3
V (0) ~0—%5
[ =O0sTe—
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PUBLISH FILE VERSIONS

¥ ol © / > MATLAB Drive »

6 title( ' Rod
7 funtion dx= Ro
8 dx=zeros(2,1);

9 m=0.25; c=0.2; k=10; 1=0.4; Out ut?
10 dx(2)= -2*k/m*x(1)-2"c/m*(1-1/sqrt(1°24x(1)2))*x(2); a

@ Harold_2_1m x +

g 1 x0=8.2; v@=0;

S 2 [t, x]=odes5(@RodriguezHarold, (0:201:8),[x0,ve]);
E 3 plot(t,;x(:,1))

w 4 xlabel('time(sec)’')

% 5 ylabel ('x(t)")

o
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(2) A mechanical system is shown in the figure, which is formed of a pimon, two
'30 racks, a mass body, four springs, and one damper. The pinion comprises two
concentric disks forming a single solid part that rotates around a fixed axis passing

its center C. The pinion meshes (without slippage) with two racks that
A \ K;,.n) consequently undergo translatory and parallel motions.
S 1k Given system parameters: m, = 1kg,m, = 2,1kg, /. = 0.05 kg m* ,my =
,~ - - H f,"

o= 1200 ko= 100% c= 2 NE
»O;DS-/\}* . O‘Gkg'kl—lzo'"'k', ‘oom't .{ZN”

l
Ry = 0.015m, R, = 0.03m

L ~0.6 4\?1 A harmonic force /= 5 sin(t) N is applied at body mass my ]’.1-(\ 2
« |80 &/ vu ¢ W
, k, Rack K,
IR TV~ mw— = .
a Yo M ¥~ Spring
. P Lo A Pir}on f- Body
¢ =0L¢ \ QD(_‘»i

3 893

=Sswl)

Anchor
k, Kk

2
Rack s

(i) Derive the mathematical equations of the system.
(ii) Use Simulink to solve the equations and plot output for 10 sec. Output must
include your name, such as x_your_first_name, thada_your_last_name, efe,
o ,L— C N \ ~ ¥ ) 9 p
T ke PEICE TEeX To 5y 0
g I ;i 1, | /
XS T RX U =5 9% £ A Oaexy)
\ | . 2
C=(Eex, 7X‘>< o5 -
€ I¢ s
Q = 9% & g
Te =% max
AJ) "; 1<y ",—')r ,—X;B-)
. o 3
(‘_ s JM ( -
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DYNAMIC SYSTEMS AND CONTROLS
SPRING 2022

Title of Assignment: TEST 3

TOPICS COVERED IN TEST 3

1. Use MATLAB to covert equations between time domain and s
domain via Laplace Transform.

2. Use step function in MATLAB to solve a dynamic motion of a
MEMS problem.

3. Use bode plot to illustrate transmissibility and phase change of a
dynamic system under a wide range of frequency of harmonic input.




1. Use MATLAB to find Laplace transforms of the following time functions:
10%

(i) f(t) = 3sinw?t — 4 cos w?t + 5e~**

10%
(11) f(?) 1s the black ink time function shown in the graph.

A

16

f(t)

10 21

When you take screen shots in MATLAB, include file name/path in the image, such as the following:

Users » shlin » Documents » MATLAB »

EZ Editor - /Volumes/1-2022/MATLAB_Simulink_Files/test3_1_1.m
test3_1_1.m +

=
(&)

40%
2. The MEMS in the figure is formed of two pairs of beams and a shuttle mass and is subjected to capacitive
actuation. Use a lumped-parameter model to formulate the system’s mathematical model for the motion about
the y direction. All beams have a circular cross section of diameter d= 3 um. Known also are the shuttle mass m=
12*10% kg, /;= 120 um, I,= 60 um, Young’s modulus E = 200 Gpa. Plot the system’s response using its transfer
function in MATLAB when a step function electrostatic force f(t) = 110*10°h(t) N is applied by the capacitive
unit. The mobile plate’s initial displacement y(0) = 6 um, and initial velocity y (0) = 12 um/s. Damping
coefficient c= 0.4 N s/m for the mobile plate motion, ignore the mass contribution from the beams.
(i) Use MATLAB to plot the amplitude of the mobile plate

Add a title(‘your name step response’) in your MATLAB statement.

Take screen shot of your MATLAB statements including file name/path and the graphic result.
(i) Is the initial capacitive gap g,= 10 um sufficient for the mobile plate motion?

yi
B Anchor

Capacitive actuati%‘

Mobile plate— 4= G %
7 ' Iy
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40%

3. A sinusoidal force acts on the mechanical system illustrated in the following figure. Considering that m =1 kg,

k=200 N/m, and c = 25 Ns/m, analyze the transmissibility of the input force to the force on the wall.
Make bode plot for Magnitude (absolute value) in MATLAB by adding:

opts.MagUnits = ‘abs’;
Include your name in the title by adding:
opts.Title.String = ‘your name bode plot’;

W1 V2
R
= F sin(wf —\/\/ \“—
/ w m L m —/\/\/\— Wall
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| mavisale | =on eS| e e

Users » zalexanderd » Documents » MATLAB
KA B Editor - H:\Dyn

LPm = | + |
L= sSyms © W
2= f(t)=3*sin(w"2*t)-4*cos (W 2*c) +S*exp (-w*L)
<= laplace (£(t))
4 - pretty(laplace(£(t)))

5

Command Window

New to MATLAB? See resources for Getting Started.

>> LP
ans =
v (3*w*2) /(3”2 + w™4) - (4*3) /(3”2 + w*d4) + 5/(s + W)
2
3w 4 3 5
- +
act a file to view details 2 4 2 4 =+w
s +w s + W
B >>
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1. Use MATLAB to find Laplace transform

10%

(1) f(t) = 3sinw?t — 4 cos w?t+ 5e~wt

10%

s of the following time functions:

(i1) f{?) is the black ink time function shown in the graph.

5 0<£t<\0 g‘ =&
. )= 1o locks £ 56
(o) 2\ €
{»5:0
f(t)
5
0 - t

10 21

When you take screen shots in MATLAB |ncIude file name/path in the image, such as the following:

Users » shlin » Dacuments » MATLAB »

® [A Ed.iBF"’?Volumes/1-2022/MATLAB Simulink_Files/test3_1 1.m

= fafces- § o
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e — — ——r— e —
zalexanderd » Documents » MATLAB
®

LP_heavysidem | +

1- Syms s ¢
= f1=5; f2=16:; £3=0;

- = Fs-simplify(inc(fl'exp[-a‘t],t,O,lG)+int(f2‘exp[-s‘t),t,lD,Zlb):
4 - pretty(Fs);

Command Window
New to MATLAB? See resources for Getting Started.

>> LP_heavyside
exp(-10 s) 11 - exp(-21 s8) 16 + 5
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| Test 3

-3

Zo< A\lexander

3y | d=Beits m ,

M=12e-Gm L £,=120e-Gm £,= Goe-wm , E= 200 €9 Pa

fled=110€-Co u(ey N, Yo =

Ge-Gm , y(o)=12 e~ m,c=06.4Y N'S/m

M
£ 1A
64 22

Cixed au‘-dtd
becam i)

kl:

Knar 3

s B ; K:'l(

Kk, Ka

W+ K2

)

2Ewd

Ki= 5o

( w

AAA
‘:E—

‘r-»v
m\—%F

l

m \.\ +£a tfs

“£:0  myreyrky= Fyle)

i?mv% f\gwi rﬁ?m? ﬁi? NOX

m[s?Y s-\,f(o)-\lf(oﬂ* cls- Y-y |+ elY]-

f/s

A

m-s*-Y- m.s. YA -y +eos .Y ey s kY =%

m-s*xc. S VKU —msw(o) m-\ (o) ~¢. \1(0\ =€

YTm?rggak]= (—‘*W\ 'S-(s) * - \1(03*c N (o

=

(poey oS ¥ meY(o) ¥ ¢y (o) =g

(- YCS) N

mM.S% + -8+ Kk

Fraey(eyl-s + Feas(oN + ¢y (o) ¢4 ]
E ) B = T T =

Y(s)/(1/s)x & -

[ J®+ Cels + w

i)

2.75¢-Y wm whwiew 3 Qqreoter Maan Ja=l0 e Gm.
dJd

e \atfial %a{.)is not Sufkicient sivce ¥he mox amplitude is
N

2

2.7Se~HY m > [0 e-Gm

N— —
Chapter7_Transfer.m or
=
2 -
9=
&=
5=
=l
7=

y0=6e-6; y_dot0=12e-6;
k1l=(12*E*pi*d~4)/ (64*L1"3);

k2=(12'£‘p1‘d‘€)/(64‘L2A3);K

k=(2*k1*k2)/ (k1+k2)

impulse (G);

G=tf([m*y0, m*y dotO+c*y0+f], [m, c, k])

m=12e-6; L1=120e-6; L2=60e-6; d=3e-6; E=200e9; c=0.4; f=110e-6;

4 Figure 1 - =]
File Edit View Insert Tools Desktop Window Help
Deds|a[0E ~E
. Zoe Al der Imp Resp
3 = v
25
2t
o
°
Hior
3 15
=
<
1
)3
05f NG
S
0 e
0 0.05 0.1 15 0.2 0.25
Time (seoonds)

75



2
\I( ¢S\ r_ "Z
(:S\ e & fs

—> (4 —)‘m
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l) L‘E-: || Run Section \JZP

- - Advance Time
BREAKFOINTS RUN
\B
@ [ Editor - H\Dynamic Systems\Chapterd_Frequency.m —
Chapterd Frequency.m +

1- m=1l; k=2 c=25; . -
2 - G=tf([k*c, k"2 k*c, k*2]): -
3 - cp:si:[cde-l:p:ic.l;(‘ : ’ Y 4 Figurel - o X
4- opts.MagUnits: File Edit View Insert Tools Desktop Window Help -
S boacr Bl e EEFBIE IR

Command Window
New to MATLAB? See resources for Getting Started
>> Chapter$_Frequency

Zoe Al

bode plot

Magnitude (abs)

’ Frequency (rad/s)
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= » Users » Zion » Documents »

DR FZ Editor - C:\Users\Zion\Documents\laplacefortest3.m

J‘ laplacefunctions.m ¢ Untitled.m 2 laplacefortest3m +

o= syms w t phi E 3
2

3= fl1 = 3 * sin(phi*2 * t) - 4*cos(phi~2*t) + 5 * exp(-phi*t);
4

5= disp 'Function'

6= L1 = laplace(fl):

7—  pretty(Ll)

Command Window

>> laplacefortest3

Function
2
3 phi 4 s 5
___________________ sl
? 4 2 4 2 phi s
if phi + s pha - *+4s
s fe>>

(i) f(?) is the black ink time function shown in the graph.

Bz ST wy (1) U116 [0 ) Mz‘@}
P sugl)-5U,,6) Y\oUe @ - 16, (€)
FO= S uye) nlu, @) - b, (¢)

e %(e):i 1F e
S —

o ;\: ofherwisc

16

f(t)

; » b L .

When you take screen shots in MATLAB, include file name/path in the image, such as?he following:

n Loplace T O

lisér; » shli}n » EO;JME;KS » MAT[A{B »
[CH % Editor - /Volumes/1-2022/MATLAB_Simulink_Files/test3_1_1.m

test3_1_lm | +| L{_?(;}} = SL{%QCB‘\’ \ LU&.G (\‘:\X‘\Q—[Ua ((:)
- &-los | e‘.z|5
o T e

)
N _ms_ \Q,e’“\s ,
Y}@= = eb ANSWY
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Kh.\z.’E_.rLJ : (200) _ o s ppenEy :
cigepbl 3 (\20‘)3 oM - o
- &
ol I
ik - A &
Y\&Z—Ii f_. b (260) I’L(b) loth LH,(
Blombined Stvna convrent
\ \ \ . mul viply by 2
e R 22 2058 Fheez = > 2 chc(' e
bee W Re g ol K 263.% N, 2038
Supshihwke velueS . k .
@__Q___/.— A (2ps?) Hx @) 4 + (i‘sﬂs ) :@ input force is a step function
ot = o-1e e not an impulse function.
O my H’D*V“" 3—“'
L <. S
) 5 o109 & + 33, H5+8 213
3 4 Ao ‘)
B, Y Yo 5 ay a,
; @ A[orr1C2AOY o
o o}
\ ¥ z o ca (o) ¥ay- “)]'9‘ 2
Step WA e 45 4 Loy $() S P e Winias st B
@ Sra st vl
» Users » Zlor:l:‘%\z“i:ments » — e o) e :C:
BEdnor C\Users\Zlon\Documents\laplacefuncllonsm @l Fiaure 1 = a §
| laplacefunctions.m XT Untlllerd_miix(;Iaglacefortesﬁ m X ’ + 1 _g:“ View Insert Tools Desktop Window Help g
- = , [0.109, 3636.4, 89.21]); ; —
;— zeqlti‘tf([o.ss‘l, 1.308],(0.109, 3636.4, 89.211); | & H© @0&8RE - %
Be= step(G, Geql) 8
4— xlabel ('Time (sec)') Zion Brown Impulse Respon:
5— ylabel ('Amplitude') e °7'1 r°w - ) %.E]@(‘QQG}
6— title ('Zion Brown Impulse Response')
-5
Command Window
>> laplacefunctions
Jic>> 0.01
8 Only one curve is required for
g the particular solution.
<
0.005 |
Skl OlMORSTE.
5 0 50 100 150 200 250 300 350 400
k- Time (sec) (seconds)
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/
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LOTS APPS EDITOR PUBLISH VIEW 5 " - Search Documentation
aJ Find Files Lo Insert & fx Fe ~ @ D @ . @
HGoT = % % %3 E Run Section
£l compare S ominent; 3o o Breakpoints Run  Runand [Ed Advance Run and
gPrint v Q Find ¥ Indent E @ @' . v Advance Time
NAVIGATE EDIT BREAKPOINTS RUN
C: » Users » Zion » Documents »
= T = s TR =
® ﬂ Editor C.\Users\Zlon\Documents\Unmle;i.m @ Figure 1 3 a x
' | laplacefunctionsm ¥ Untitledm ' laplacefortest3.m X} + 1 . X i
- m—lmﬁ}' ~!File Edit View Insert Tools Desktop Window Help a
2= Gl= tf([k*cl], [m*2,m*cl,m*k,cl*k,4*k"2]); D@ g é @ U E k E 3
' opts= bodeoptions ('CsTPI€IS")7
| i - s
4 opts .MégUnlts g abs ; Zion Brown Plot
9= opts.Title.String ='Zion Brown Plot'; 0.035 R
i 7
6— bodemag (G1, opts) ;
g L 0.03 1
) Command Window
>> Untitled
f*? <A 0.025 1
m
t s
~ 0.02 i
[}
R 2
If 5,0.015 ]
if ©
i =
x I 0.01 |
n.
..
&3 0.005 g
ye
frome
el 0 : ‘
® 10’ 102 10°
SE=le Frequency (rad/s)

— e T S — T

¥ ==b|=ﬂei@-_ﬁl"?ll‘§f:G‘g-@t}a/\@@w
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3Qlmbe 3| test3lm 0| Untitledmic® 20| 4 |

XProb (Test3_1)

¥define variables

syms w t

f1 = 3*sin(w*2)*t-4*cos(w 2)*t+5%exp(-w't);
%calculate laplace

fprintf('Laplace of fi\n\n')

L1 = laplace(fl);

pretty(L1)

e Editor © Untitiedd.mix *

2
3 sin(w )

Laplace of f1 x
2
)

Intitled2.mbc * 3¢ | Untitled3.mix* | Untitleddmix * 3 | + [

%define variables

syms b

f = S*b*heaviside(t)+16*heaviside(t-1)-b*heaviside(t-3);
%determine laplace

L = laplace(f);

pretty(L)

fprintf(["laplace of multistep function\n\n'])

16 exp(-s) S b b exp(-3s)

laplace of multistep function
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Qlmbc > | test3lm | Untitled2mbc® 3| 4 |

G = tf(1, [0.11, 3636.36, 99.16]); Chibuike Ejimadu Step R _
Geql = tf([e.66, 21819.48,1], [e.11, 3636.36, 99.16]); 6 SSpo)
impulse(G, Geql) |
xlabel ('Time (sec)')
ylabel ('amplitude'’) o %
title ("Chibuike Ejimadu Step Response®)
. .
x amplitude is way too
£
& large.
2
1
00 50 100 150 200 250 300
Time (sec) (seconds)

OPts.MagUnits
Include yoy, nam

€in the tj .
Opts.Title.String = itle by adding:

‘your name bode plot’;

J
.= Ty

J=Fsin(wr [\ I
—(-)- I

m _/\/\/\_ R

[
—~

A¥2)
N

AD m "i‘\‘ =0 ( 9 '—(:J'L) ~c (,C . o
} j [ , & ' Jlx é[&j((‘)]: S'y[.S)%f/(’)
O mye 2B ) e -hane T )
| I ] = 5™Y05) - 5300) 509
AR i Sel i 0 VY)'SZ-YZS)IF/S)"l‘l(\llls)—\/l(5)’C5YL
®) ms?v.(s) K (Y, (5) ¥y (5))-C 5, ()%,
@ @(5)365‘/z(5)+14‘/z(5) :(cg.us)‘/z[s)
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ntitled2mic * 2| Untitled3.mbc* 3 | + |

opts - bodeoptions('chtprefs’);

opts.Magunits = ‘abs’;

opts.Title.String = "Chibuike Ejimadu Bode Plot”
m=1; k=200; ce25;

gl- tf([k*c,k"2], [m*2,m*c,3"m"k,c*k,k*2,2%c"2]);
bode (g1, 'r',opts);

legend ('With Dampening Coefficent c')

opts =

Fregunits:
FregScale
Magunits
MogScale:
MagVisible:
MaglowerLimiode:
Phaselnits
PhaseVisible:
Phaselirapping:
PhaseMatching:
PhaseMatchingFreq:
ConfidenceRregionlumbersD:
YaglowerLim:
PhaseMatchingValue:
PhasekrappingBranch: -180
10Grouping: 'none’

Inputlabels: [1x1 struct]
Outputiabels: [1x1 struct]

Inputvisible: {en’}
OutputVisible: {cn'}

Title: [1x1 struct]
XLabel: [1=1 struct]
Yiabel: [1x1 struct]

TickLabel:
dd: ‘off’

[1=1 struct]

[©.1502 ©.1522 ©.1528]

Chibuike Ejimadu Bode Plot

8 8

3

Magnitude (abs)

_—w&m Dampening Coefficent ¢

10° 10?2 10!

10° 10! 102 10°
Frequency (rad/s)
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DYNAMIC SYSTEMS AND CONTROLS
SPRING 2022

Title of Assignment: TEST 4

TOPICS COVERED IN TEST 4

1. Use Simulink to simulate a given dynamic system and find out the force

transmitted to the wall (supporting structure).
2. Add a PID controller to command an actuator to the dynamic system in

the purpose of reducing the force transmitted to the wall.



Test 4
MCEG 4063 Dynamic Systems and Controls
April 25, 2022

A dynamic system can be modeled as a mass, spring, damper system as shown

in the schematic diagram. The system vibrates under a sine wave exciter force. The spring
and damper are connected to a wall (fixed structure). When the system vibrates, force
transmitted to wall = spring force + damping force.

where exciter force F(t) = 15 sin(2t) N, M,=5 kg, C,=10 Ns/m, K;= 20 N/m
k1

X F my SE? g

¢y

(50%)
(a) You are requested to simulate the system using Simulink for 20 sec,
Output to scope: (1) exciter force F(t) and (2) Your name force transmitted to wall.

(50%)
(b) Add a PID controller to command a linear actuator to provide actuation force to the
dynamic system in the purpose of reducing the force transmitted to wall. Simulate the
control system which would achieve smaller force transmitted to wall using Simulink for 20
sec, Output to scope: (1) exciter force, (2) Your name force transmitted to wall, and
(3) Your name voltage command from the PID controller.

(Add a summary statement on top of your Simulink output)
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)

Exciter Force (N)

Fim
D/T_
Damper Force 10
DN
c

Displacement

\WJ-

K

Thomas Hale Transmitted Force from wall
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(a) From the graph, for a time interval of 20 secs, we can see the transmitted force to the wall fluctuates from -21.23N to 21.22N. The exciter force

minimum was achieved at 8.640s, while the max was seen at 10.210s.

4
File Tools View Simulation Help
@ - 2-|Q-|Q-|Fid-

@® P> @

Trar
N

smitted

3]

¥ ¥ Trace Selection

Thomas Hale Transmitted v

7 ¥ Signal Statistics

Full Simulink diagram with PID controller, exciter force, voltage command and transmitted force to wall. Additionally an output from the Actuator was added for

the sake of graphical comparison below.
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Assuming a 12 V source, the PID is tuned as follows, showing the new values after tuning on left.

PID 1dof {mask) (link)

This block impl

nents continuous- and discrete-time PID control algorithms and includes advanced features such as anti-

windup, external reset, and signal tracking. You can tune the PID gains automatically using the “Tune.

simulink Control Design).
Controller: |FID

Time domain:

O Continuous-time

@ Discrete-time

 Compensator formula

~  Form: Parallel

Discrete-time settings
Sample time (-1 for inhestted): [-1

¥ Integrator and Filter methods:

) N
porT, (D r
- 14N,
-1
Main  Initalization  Output Saturation  Data Types  State Attributes

Contraller parameters
Source: |intemal
Froportional (P): |38.1550685098202
Integeal (1): [103.482258141417
Derivative (D): |3.35380912140422
[ Use fiitered derivative

Fiter cosfficient (N): | 124.731913439957

Automated tuning

Select tuning method: | Transfer Function Based (PID Tuner App)

] Enable

~crossing detection

Analysis:

o]

Cancel

ner (Hale_HW_Feedback/Discrete P

llerVetage Corr

—

Pt Type POF  Doman “
Pat- | Form Pariei  [Tme  ~
sibmect @ Opioes  LlAmPo- T
© | StepPlot Reference tracking

Amplitude

) PID gains applied to block and block response updated

[ES——

Step Plot: Reference tracking

The step curve on the right, indicating successful tuning.

Time (seconds)

ler Parameters: P = 38,16, | = 10350

=335 N= 1247

Adding the PID controller to the system allows of a more regulated vibration through the cycle. As you can see from the output, the force transmitted to the
wall has decreased to a range of -.4961 to .4961. This system reduced the overall felt force the wall by 20.73N. This is a huge improvement and could likely save
the longevity of equipment it is paired with. Below we can see the graphical representation of the Actuator countering the amplitude of the exciter force.

4. Scope

File Tools View Simulation Help

© -

Q-|Q-|+£4-

LOES

Ready

7 ¥ Trace Selection

Thomas Hale Transmitted

7 ¥ Signal Statistics

7 ¥ Trace Selection

Thomas Hale Voltage Co

7 ¥ Signal Statistics
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First of all, let’s make a Simulink model with our spring mass damper system were

M=5, C=10, K= 20
Frequency amplitude = 15

Frequency Time period = 20

Exciter Force (N)

—)

Exciter Force

{1 1]

After plotting exciter force

"y

Int1 Int2
Damper Force
Displacement
Spring Force

Transmitted Force to wallunder PID controller E

Force to the wall

File Toels View Simulation »
- BOP®| - Q-E-|FA- |
Data may be missing. Try unchecking ‘Limit data points to last’ from the Configuration Parameters Logging tab. b'e

Offset=0 | T=20.000
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And now force to the wall (With my name as title) we get

File Tools View Simulation Help

- 40P ®| - QB Fd|0

¥ ¥ Signal Statistics

¥ ¥ Cursor Measurements

Ready Offset=0 T=20.000

We get max Amplitude of 21.178 as shown in image above.
Combined graph for exciter and force on wall

4

File Tools View Simulation Help

G- BOPL® - A-EH-|FlA-|

F ¥ Trace Selection

F ¥ Signal Statistics

Offset=0 T=20.000
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Now we add a PID controller to the system as shown

Exctar Farce (V)

€28+0.1060 008

Tranarmitiad Forca 1o wallunder PID convolier

i

=)
00HZ Sarvor Faacbas

Before tuning the PID controller

Controller: PID
Time domain:

'| Form: | Parallel

® Continuous-time
© Discrete-time

Main  PID Advanced  Data Types  State Attributes
Cantroller parameters

Source: Ihlurnul «| E Compensator formula
Pr e 1 |
Integral (1): [1 | , .
Derivative (D): [o J Priieb i

|

Filter coefficient (H): 100

Tune...

Initial conditions

Source: |Im-rnal -
Integrator: [0 ]
Filter: |D

After Tuning the PID controller and updating block we get

05 08

Controller Parameters: P = 30.71, | = %6.44, 0 = 2428 N = 2536
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Now plotting exciter force

4
File Tools View Simulation Help N
Q- OP® A FIA- |

Data may be missing. Try unchecking "Limit data points to last' from the Configuration Parameters Logging tab. X

Ready Offset=0 | T=20.000

And Force on wall (With my name as title) the data shows 576 m.

“
File Tools View Simulation Help

- BOP® - A FlR- M
T Vv Signal Statistics

Offset=0 T=20.000

Ready

Now Max displacement is 0.576 as compared to 21.178 without controller.
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Combined exciter and force on wall graph gives

“

File Tools View Simulation Help
@- BOP®|-A-B- | FJ

T ¥ Trace Selection

ax

R

¥ ¥ Signal Statistics

Ready

Missing voltage command output.

ax

Offset=0 T=20.000
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&
CJ
=

Need a summary statement to explain the
output parameters.

TMhéeontroller was not tuned properly; otherwise, the transmitted force sHouldK

File Tools View Simulation Help be much sma”er‘ c
- eOPE - Q-0 Fid- |

7 ¥ Trace Selection

Woﬁdell Smith Force Tran... i+

7 ¥ Signal Statistics

Paused Sample based T=20.000 |
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DYNAMIC SYSTEMS AND CONTROLS
SPRING 2022

Title of Assignment: Homework 1
TOPICS COVERED IN HOMEWORK 1

1. Equivalent Stiffness of Mechanical System



Homework
Assignment

PROBLEMS

2.1 Several springs are connected as illustrated in Figure 2.35(a). Knowing the
individual springs stiffnesses k; =20 N/m, k; =30 N/m, k3= 15 N/m,
ks =25N/m, and ks =35 N/m, calculate the equivalent stiffness k., of
this spring ensemble, see Figure 2.35(b), which corresponds to point A of
the original chain.

kZ k3
'—’ X I—’ X
k, A ks A I
ks

kW
(a) (b)
FIGURE 2.35

Homework
Assignment

2.4 Two identical elastic shaft segments are connected to a rigid disk acted on by
a moment m, as illustrated in Figure 2.38(a). To reduce the rotation angle at
O by 40%, the design of Figure 2.38(b) is used instead of the original one.
Assuming all shaft segments are built from the same material and have
constant circular cross sections, express the diameter d5 in terms of the
diameter d, and the lengths /; and /. Also calculate the value of dp for
dy=0.012m, /; =024 m, and [ = 0.16 m.

L ” " | b A

(a) (b)
FIGURE 2.38
Fixed-Fixed Shaft With: (a) Two Identical Segments; (b) Two Pairs of Identical Segments.

Homework
Assignment

2.7 Determine the equivalent lumped-parameter spring model of the six-beam
microdevice sketched in Figure 2.41, and evaluate the stiffness of the sin-
gle equivalent spring to be attached to the moving rigid link along the y
direction. All beams have identical square cross section with side length
h=w =1 um. Known also are /; = 100 um, /; = 140 pm, I3 = 200 pum, and
the beams Young’s modulus E = 155 GPa. The allowable displacement of
the moving link is 10 pm. Calculate the corresponding force f, applied at the
moving link center along the y direction.

Anchor .
Moving link .
; Rigid link
3

<]
] ¢
< / L
Beam |<'s \ L
b | Anchor
FIGURE 2.41

Microdevice With Six Beams for Translatory Motion.

Anchor
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PROBLEMS

2.1 Several springs are connected as illustrated in Figure 2.35(a). Knowing the
individual springs stiffnesses k; = 20 N/m, k; = 30 N/m, k3 = 15 N/m,
ks = 25 N/m, and(ks =35 N/m, calculate the equivalent stiffnessgiiggyof

this spring ensemble, see Figure 2.35(b), which corresponds to point A of
the original chain.

k2 k3
I—PX I—VX I
k1 A k5 A keq
k4
(a) (b)
FIGURE 2.35
k kz*’ ks "' 4 )
Keo = tk
eq K, - K S
k‘ + _L*k
szka 4
(30)(15) )
=0 425
|
(30)(18)
20 + 30+ 1 +25

=/
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2.4 Two identical elastic shaft segments are connected to a rigid disk acted on by
a moment m, as illustrated in Figure 2.38(a). To reduce the rotation angle at
O by 40%, the design of Figure 2.38(b) is used instead of the original one.
Assuming all shaft segments are built from the same material and have
constant circular cross sections, express the diameter d; in terms of the
diameter d,, and the lengths /; and /. Also/calculate the value of d; for

dy=0.012m, /; =024 m. and I = 0.16 m.

(@ (b)
FIGURE 2.38

Fixed-Fixed Shaft With: (a) Two Identical Segments; (b) Two Pairs of Identical Segments

TORSION EQUATION!

T= torgque
T 2 <1 T = polar moment of inectia (%d")
J- 'e G = modulus of rigidity
B anglc of twist
L= length of shaf+
T4, % REOUCE ROTATION BY uO7.
0,: J——
= 0,(1-04) =8, ©:% %6y, "oy,
0.06,= 0o _ T[22 A&
: eb- 6 [ J, * J,
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"
0.1e
d, = 0.012 {:o.u(o. zq)w.w]

dz= 0.01508\ M
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2.7 Determine the equivalent lumped-parameter spring model of the six-beam
microdevice sketched in Figure 2.41, and evaluate the stiffness of the sin-
gle equivalent spring to be attached to the moving rigid link along the y
direction. All beams have identical square cross section with side length
h=w =1 pum. Known also are /; = 100 pm,d; = 140 pm,1; = 200 pm, and
the beams Young’s modulus E = 155 GPa.{The allowable displacement 6f

the moving link is 10 pm. Calculate the corrcspondin-)p'lied at the
moving link center along the y direction.

Anchor .

Moving link
Rigid link

FIGURE 2.41
Microdevice With Six Beams for Translatory Motion.
hzwz lmm= I1%103 mm __ug_f_
X,: 100 mm = |00 %103 men h Y8El
2,2 qomum = \u0 X0 2 v L=4,=200x! 3 2 = uoo X0 mm
£,z 200 mm = 9200 k(0 mm ws= £y
E = 165 GPa = (56 x 10°? Nlt\"“’"l TI- !"_".";_._ _‘-'.‘r(_i;’!x \‘_\o"]qmm = '\'Ii X ‘_\o"]l‘m

- - '3
Y=10mm= 10 x107° mm €= 155%10° N /ment

Y= 10x10° mmn

3
£, [qoo;lo"]

-3
oxio = ua(:ssuu‘){%-,mé")
$ (o\-\)?'
-2 .
2 %10

* $4=978x10 °N
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Need show more calculation process.
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DYNAMIC SYSTEMS AND CONTROLS
SPRING 2022

Title of Assignment: Homework 2
TOPICS COVERED IN HOMEWORK 2
1. Calculate Viscous Damping Coefficient

2. Calculate Torsional Stiffness
3. Calculate Equivalent Mass Moment of Inertia




Homework
Assignment
2.19 Figure 2.51 shows a translatory-motion bearing. It is formed of a rectangular
cross-section rod placed symmetrically in and translating inside a similar
box filled with viscous fluid. Calculate the total damping coefficient based on
the geometric parameters shown in Figure 2.51 and the fluid dynamic vis-
cosity p.

Fluid w
Case

(07" 5 a—— ] Cap

.............. a Iy >
| Rod |—V> h Rod th
-4 -- k vl

-

FIGURE 2.51
Translatory Bearing System as a Viscous Damper: (a) Side View; (b) Cross-Section.

Homework
Assignment

2.24 Determine the equivalent torsional stiffness transferred to the intermediate
rigid shaft axis of the gear transmission sketched in Figure 2.55. All other
shafts are flexible; they are constructed from the same material with G = 90
GPaN/m” and are defined by d; =0.005m, /; =0.15m, d, =0.004 m,
L=02m, d3=00045m, l3=0.1m, dy=0.006m, and /4= 0.12m.
Known are also the number of teeth of the gears N; =36, N, =44,
N3 = 32, and N4 =48.

14 ls

shatt § MTT !
Anchor
fd‘

= ds
Gear

Rigid shaft

FIGURE 2.55
Rotary-Motion Gear Transmission With Flexible Shafts.

Homework
Assignment

2.25 Three rigid shafts mesh through their respective gears as illustrated in
Figure 2.56. Calculate the total mass moment of inertia of this system
transferred to the middle shaft. The shafts have a mass density p = 7800
kg/m®> and are defined by d,=0.012m, /;=0.15m, d,=001m,
I, = 0.1 m, d3 =0.009 m, and /3 = 0.13 m. The following parameters define
the four gears: the number of teeth Ny = 18, Np =22, N3 =28, Ny = 14,
their mass moments of inertia J; =6-10"*kgm?, J,=8-10"*kgm?
J3=9-10"*kgm? Jy=4-10"*kgm? as well as the mass moments of
inertia of the two end flywheels J,,; = 1- 1073 kg m?and J,, =9-107* kg m>.

FIGURE 2.56
Rotary-Motion Gear Transmission With Heavy, Rigid Shafts.
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2.2Y
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(a=90 G1Pa Vm"
d, =0.005 s dy = 0:004S M, = 36 Teebls
LsloiSe L= 0l Ny = Y4 Teckh
d, z0-004m Ay = 0:00bu [\/_; = 32 Fecdh
l, =02m {4z 0:1Zim '\/1 = Y§ Teckh
Asked :~
Eeg =21
Solubiogn:-

2z

kcz: kb+k3+ k'(%//,:_)"+ k.,(_’\_éf_'_)
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DYNAMIC SYSTEMS AND CONTROLS
SPRING 2022

Title of Assignment: Homework 3
TOPICS COVERED IN HOMEWORK 3

1. MATLAB Exercise solving Differential Equation.
2. Derive Equations of Motion and Determine Natural Frequency.



Homework

Anchor

Matlab exercise for example 3.8

ind Files Insert = Tl - = = i
N RN d I) LE [&] Run Section &
ompare ¥ cp{GoTov Comment % g #d .
Breakpoints Run  Runand [5f Advance Run and
rint « ( Find + Indent % = - - Advance Time
NAVIGATE EDIT BREAKPOINTS RUN
I/ » Users » shlin » Documents » MATLAB » Examples » R2020b » matlab »
|Z_ Editor - /Volumes/1-2021/MATLAB_Simulink_Files/example3_8.m File Edit View Insert Tools Desktop Window Help
J example3_8.m x T3] D@de 8 DB LIE
if= x0=0.2; ve=0;
2-  [t,x)=oded5(@shieldlin,[0:0.001:8], [x0,ve]); iy
3- plot(t,x(:,1)) 02 T , v
4- xlabel('time (sec)')
5 - ylabel('x(t)") Change to youn 0.15
B - title('Shield Lin') Name
7 function dx = shield{in(t,x)
8 %UNTITLED2 Summary of this function goes here 01
9 % Detailed explanation goes here
10 - dx=zeros(2,1); aosl ||/
11- | m=0.25; c=0.2; k=1080; 1=0.4; i |
12 - dx(1) = x(2); _ |
13 - dx(2) = -2k/me(1-1/5qrt(1~2+x(1)"2) )*x(1)-2%c/mxx(2); % 0p |
14 - end | |
15 -0.05 [
Command Window |
New to MATLAB? See resources for Getting Started. 1 fi |
>> example3_8 |
fx >> 015 H
02 . . \ L L . .
1 2 3 4 5 [ 7 8
time (sec)
Homework

3.9 A fixed-center cylindrical pinion of mass m; and radius R; transmits its
rotation to a translating rack of mass mj3 as illustrated in Figure 3.51. The
mobile rack further interacts with another cylindrical pinion of mass m; and
radius R;, which has its center connected to a spring of stiiiness k, and rolls
on A fixed rack. For no slippage between pinions and racks, demonstrate that
this system has one DOF, formulate its mathematical model, and determine
its natural frequency.

Rotating pinion

Guide

e 5

— M
=

ms el

Anchor

Fixed rack
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Homework

wheel can roll without slippage on a fixed wall under small angular motions
of the rod. A heavy particle of mass m is also placed on the lever. At the rod’s

knowing that Ny =24, N, =48, N3=32, Ny=40, J; =0.001 kg m?,
J = 0.008 kg m*, J3 = 0.002 kg m?, J4 = 0.006 kg m?. The two flexible
shafts lengths are /; = 0.1 m and /, = 0.08 m, the shafts constant circular
cross-section diameters are d; = 0.02m and d, = 0.015 m, the flexible
shafts shear modulus is G = 150 GPa, and the mass density is p = 7800 kg/
m?>. Include the inertia contributions of the flexible shafts.

No, Uy f N, Js
Rigid shaft

FIGURE 3.57
Three-Shaft Gear Train.
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il > C b Users b sauce » Documents b MATLAB File Edit View Insert Tools Desktop Window Help ¥

| example3hw3.m | + Daaé g‘na kE =
1 X0=0.2; v0=0;%input conditions A=t < a,
2 [t,x]=o0ded5(@andreasaucedo, [0:0.001:8], [x8,v0]); 0.2
3 plot(t,x(:,1))
4 xlabel('time (sec)') 0.15
5 ylabel('x(t)")
6 title('Andrea Saucedo') 0.1
7 [; function dx = andreasaucedo(t,x)
8 [] %function file used to determine the output vector dx in terms of input 0.05
9 %vectors t and x
10 dx=zeros(2,1); %designates the values of the 2-row, 1-column vector dx s 0
1T, m=0.25; ¢=0.2; k=1000; 1=0.4; x
12 dx(1) = x(2);%1st differential equation
13 dx(2) = -2*k/m*(1-1/sqrt(172+x(1)"2))*x(1)-2*c/m*x(2);%2nd differential equation -0.05
14 end
15 = %Given the intial conditions and the system, the mass moves rapidly from -0.1
16 T %left to right due to the spring until the dampers cause the mass to slow
17 %down . -0.15
-0.2
0 2 4 6 8
time (sec)
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Moment of inertia of a shaft with one end fixed = 1/3 *moment of
inertia of the shaft with free ends. (See Table 2.7)
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<SHTad » C » Users b lherera2 » Documents »

Current Folder ® [ Editor - C:\Users\lherrera2\Documents\example3_8.m & Figure 1 - o X
)| Name = (L] exampter m 3¢ Fle Edt View Inset Tooks Desktop Window Help
Custom Office Templates = x0=0.2; v0=0; -
MATLAB 2= [t,x]=odeds (@Leonardofierrera, [0:0.001:8], [x0,v0]): N&ede Q|0 kE
w Visual Studio 2015 3= plot(c,x(:,1))
|| example3 8asv 4= xlabel(’time(sec)') 02 Leonardo Herrera
#) example3 8.m s - ylabel('x(z)')
8 SENIOR DESIGN MEETING MINUTES 2-14.docx €~  title('Leonards Herzera') i
7 [function dx =LeonardoHerrera(E,x) 818 !
L] SUNTITLED2 Summary of thi tion goes here ' I N
s % Detailed explanation goes here 01 | I it I
10 - | dx=zeros(2,1): ‘ I il .
11~ | m=0.25; c=0.2; k=1000; 1=0.4; 006 " l 1| ". f\
12- | dx1)=x(2); ‘ A
13- | dx(2)=-2"k/m* (1-1/3qzT (1724 (1) *2) ) *x (1) -2*c/mx(2) = i LEL L
- lena x °|’ j|.|,‘\ =
15 ARt 0 i
005 " l‘ ‘)J || v
a1
ald ¥
| |
015 l‘ !
02
1 2 3 4 5 6 7 8
time(sec)
Command Window. C]
>> example3 &
% >>
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| e Keg= 6T [ d” SNy 2 “ A
324, ea*_(f _})4012(/\12) >
i 7 35 \ N, S INDA
K'L: G"(T d-;- 7 k ’e‘
3141 (Aeq: \‘DOKto T 002" ( 2 Oo:Sq :3_2 )1)
32 C “0.08 1o
leq= (00, 2LL.§A6A ¥om
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@ MATLAB — Mozilla Firefox v o X

QB8 E3 https://matlab.mathworks.com

(3 Privacy Tools (3 Get Money [ Data Center [J Pressure Vessel [JArticles [ TaxSeason [J3D Printer

LJL;:I \j H M < ‘ éé] % % %3 lél |=) Section Break D @9 »|
New Open Save GoTo —%FNd 7 Refactor Ron B RunondAdvance | o Step
- - - + [ Bookmark - Section & Runto End =
FILE NAVIGATE CODE SECTION RUN Iy
Hal @ / s MATLABDrive »
¥ Current Folder o hw_ex_3pt8_attempt.m i o Figure1l x| + Qo
[— 1 %0 =0.2; %n a Angel Randall
2 v @ =08; %ns 02
[T ru e
0 hw_ex_3pta_at 4 [t.x]=0ded4S(@angelrandall, [0:0.601:8], [x_0,v_08]);
#) hw_ex 3ptg at - 5 plot(t,x(i,1)) —| o1
6
7 xlabel('time (sec)')
8 ylabel('x(t)") = 9 ]
9 title('Angel Randall') =
10 % Here, t and x are used to describe the output vector dx
11 % The body motion is derived via a mathematical model 01
12 % which is then used to calculate and plot x(t) in this program
~ Workspace o ok % and to the right you can see a graph that displays
14 % how the damping period actually increases with time
Value i 15 function dx = angelrandall(t,x) - % 2 4 5 8
8001x1do... B00] 16 dx = zeros(2,1); time (sec)
o w1 17 0.25; % kg
.18 ©.2; % N s/m
Hvo o 1 49 1000; % N/m
Hx 8001%2co... B0O] 2g 0.4; %om
H x0 0.2000 11| 21 dx(1) = x(2);
Hxo 0.2000 11| 22 dx(2) = -2°k/m*(1 - L/sqri(1A2+x(1)A2))"x(1)-2"c/m*x(2);
23 end
1 COMMAND WINDOW RIS ] 2

I don’t know why Gnu Octave displays an error whereas Matlab displays a plot. Neverthelgss, I’m just
happy to see that a graph was produced!

It's good that you obtained the output solution.
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DYNAMIC SYSTEMS AND CONTROLS
SPRING 2022

Title of Assignment: Homework 5
TOPICS COVERED IN HOMEWORK 5

1. Derive Equations of Motion for Two Degrees of Freedom System
and Use MATLAB to obtain Eigen Values and Eigen Vectors.



Homework

3.36 Derive the mathematical model of the mechanical system shown in
Figure 3.71, which is formed of a pinion, two racks, a body, and several
springs. The pinion comprises two concentric disks forming a single
solid part that rotates around a fixed axis passing through its center C.
The pinion meshes (without slippage) with two racks that consequently
undergo translatory and parallel motions. Calculate the eigenvalues,
unit-norm eigenvectors, and describe the modes of the mechanical
system. Use the MATLAB specialized command to check the analytical
eigenvalues and eigenvectors. Known are m;=1kg, mp=2.1kg,
Jc=0.05kgm®, my =0.6kg, k; = 120 N/m, k, = 100 N/m, k3 = 110 N/m,
Ry, = 2R| = 0.03 m.

FIGURE 3.71

Conservative Mechanical System With Pinion, Racks, Translating Mass, and Linear-
Motion Springs.
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AFPPS EDITOR PUBLISH VIEW

<~ B _ — =] Section Break y
re - Dﬂ E’,@ % %g %4 o Profiler Ié, l_' D
(4 Find = fZi Run and Advance
' Go To Refactor %% & [g Analyze Run Run
- [ Bookmark ~ - Section PZ4 Run to End v
NAVIGATE CODE ANALYZE SECTION

Users » bashirsmacbook » Documents » MATLAB
(G FZ Editor - untitled *
| untitled * + |

ml=1 ; m2=2.1; m3=0.6 ; Jc=0.05;

k1=120; k2=100 ; k3=110;

R2=0.03 ; R1=0.015;

M_mat = [Jc/(R2~2)+m1+m2%((R1/R2)~2),0 ; © , m3];
K_mat = [2xkl+2xk2#((R1/R2)"~2), -kl ; -k1 , kl+k3];
[vector, Lambda] = eig(inv(M_mat)*K_mat)

Omegan = sqrt(Lambda)|

~oun s WM

Command Window

vector =

-0.8846 0.0055
-0.4664 -1.0000

Lambda =
3.9722 ]
0 384.4417
Omegan =
1.9930 (%]
@ 19.6072
_f..r_>>
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_3.2306_|.m, ll‘q i = 'l_uc%_. . =0.00 g i, M= 0:0ka, T 2O NI
Ka= 190 N/m . knz 110 N/ Re 2 2RZ0. 02m S, PR

2 2
_Ee«l:—_.v_z tm, - R, ¥ mi'_R.’ + My - R
Ke s 9k Ry 4 2Rt KetRe

b + o, R+ (m, *m)\-Rﬂ 6 *[Zkz'?\.’*' (2,2 Ua): RﬂB =0

Y'zjc* (m, HY\O R,]FL ‘2&.*\(5) V\:" 6. =0
[_:SL" My * ?\ -16 "'\")-kz K]Q = .5,

"i'L.*m:-R.‘ ) 16!\ ZkzP\: 0 ; 0, _\0

o Fi(memy b NGY [ o Guvavel 6] |0

"L J.rme RO
2&. (W*M\R

P

2-Re o) 5 B
____0 (2%, rx)-Ra

There are two independent coordinates in the system.

One can be angle of the pinion, the other one must be x3

for the body mass m3.
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YIdE ¥
New Open Save GoTo QFnd ~ 7l
vl L9

v v v v v v

FILE NAVIGATE CODE SECTION RUN

@ TP O/ > MATLABDive » Published » Zoe FEA

untitled.asv x =
mi=1; m2=2.1; m3=0.6; J=0.05; k1=120; k2=100; k3=110; R2=0.03; R1=0.015;
M_mat=[(J/2)+m2*(R1)A2 0; @ (J/2)+(m1+m3)*(R2)A2];

K_mat=[(2'k2)*(R1)A2 0; 0 (2*k1+k3)*(R2)A2];

eigenvalues= eig(M_mat\K_mat);

[V,D]=eig(M_mat\K_mat);

N SISE N 1T ruLuJcTr
S O B W N

s O H 1 €

Find -
New Open Save GoTo A ~ir
e ¥ : of [ie
FILE NAVIGATE CODE

1S ol © / > MATLAB Drive » Published » Zoe FEA

&

untitled.asv

&
i
=
-
o)
+ >> M_mat
s
i
X
£ M_mat =
S
u 0.0255 0
T 0 0.0264
<
&
g >> K_mat
K_mat =
0.0450 0

61
0 0.3150



= H S al © / > MATLAB Drive > Published > Zoe FEA

untitled.asv

eigenvalues =

1.7666
11.9138

>> [V,D]=eig(M_mat\K_mat)

‘ WORKSPACE | CURRENT FOLDER

1.7666 0]
0 11.9138
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Not sure how the flowchart is used for derivating a mathematical

model.

A mathematical model is developed for the design synthesis of rack and pinion steering linkage
and general objective is to minimize the difference between the steering center over the full range
of steering input angle while fitting into a reasonable space because there is a substantial amount
of design are in the systems and the mathematical representation is not clear, the model constrains
and objective actually “evolve” to the eventual desired from the problem has multiple optima and
practical and huiristic consideration are used to choose suboptimal but more realistic solutions
once satisfactory optimal solutions are identified these involve manipulation of the objective
function constraints set and initial guess both leading and trailing link designs are considered the

form being slightly the better limitations are also considered.

Env

signal

Signal

By

Break Cl & Cn
Pinion V
> | »
onrange
Real Velocity
E—
B&F Linear Velocity

J
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Now we will draw free body diagram of all the components.

FBD of M1:

Ki Xi1 Ki Xi3

M,

M X
M: X1 +K; X1 +K1 Xi3 =0
FBD of M1:
K> X1 K> X23

v
A

M,

M: X»
M, Xo + Ko Xo1 + Ky Xo3 =0
FBD of M1:
K3 X3 R K3 X33
M3
M: X
Mz X3 + K3 X31 + K3 X33 =0

A
\ 4

FBD of Pinion:

JxRixBO +2Ka)xRix6 =0
165

JexRaxO +2KoxRyx©O =0



[m][X] + [K][X] =0

M,
M =M,
M

X,
X= g;‘ )& Good efforts! however, this

ky 0  ky+ks problemis a 2 DOF system, only
k=|k; k; 0 allow 2 independent variables.
0 0 ks

[X11 X12 X13
X =|X21 X22 X23
| X31 X32 X33

Code Matlab:
K = [ 120 0 230
0 100 100
0 0 110 1;
M=1[1; 2.1 ; 0.6] ;
X =13 -2 -9
=2 4 1
3 1 -1 1;

Eigenvalues and right and left eigenvectors
of matrix K
[VIDIW] = Eig(K)F

%
%

disp("Diagonal matrix of Eigenvalues :");
disp (D) ;

disp("Right eigenvectors :")

disp (V) ;

disp("Left eigenvectors :")

disp (W) ;

% Eigenvalues and right and left eigenvectors

[

% of matrix A
[errW] = Eiq(X)F

disp("Diagonal matrix of Eigenvalues :");
disp (D) ;

disp ("Right eigenvectors :")

disp(V);

disp("Left eigenvectors :")

disp (W) ;
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DYNAMIC SYSTEMS AND CONTROLS
SPRING 2022

Title of Assignment: Homework 6
TOPICS COVERED IN HOMEWORK 6

1. Repeat a Simulink example; change function to MATLAB function.
2. Derive Equations of Motion, Construct Block Diagram of a
Dynamic System and Plot System Response by Simulink



Note that there is no damping, which means that F = 0 and the corresponding derivatives of F in
Eq. (3.121) are also zero. Eq. (3.127) is combined with the definition Eq. (3.123) and they result in
Eq. (3.125).

Eq. (3.125) is rewritten in the form:

i 2k + k k 1
X =- X F— X +—- . 1
L my ' m 2 m ! xy=-an-x1+ap-x2+—-f
or my
" k 2ky +k 5
X =—-x - E ) Xy =ag X1 —an-x
mp mp
(3.128)

The stiffnesses k; and k» are given in Table 2.2 for fixed-guided beams, whereas the stiffness of the
serpentine spring k is expressed in Eq. (2.10); they are k; = 12E - /2/13; ky = 12E - Iz/lg;
k =6E - I;/(5/°) with I, being the circular cross-sectional area moment of inertia, /, = - o*/64.

With the numerical values of this example, the parameters of Eq. (3.128) are k; = 0.380 N/m,
ko =1.555N/m, k=0.304 N/m, aj; =2.952913017-10° m%/s?, a;» = 8.436894333-108 m?/s2,
ap1 = 1.214912784-10° m%/s?, app = 1.365561969-10'° m%/s?, 1/my =2.777777777-10° kg™ .
The block diagram of Figure 3.38 integrates Eq. (3.128).The input force on the mass my is produced
by combining the Ramp block from the Source library and the Math Function from the Math
Operations library. While the unit ramp (S1ope parameter is 1) provides the time input (which
is interpreted as a variable v), the following expression needs to be specified for the Math
Function: 0.000002*exp(—10*u(1)), which constitutes f of the example. The remaining

(Values on this page, such as a4, a1,, m;, etc. are needed for the homework)

. 1
Homework [xl =—ay X1 +ap -r+—-f
mi

Simulink for Example 3.18, page 125 lx‘z =ay *X] —axy - x

(note that coefficients a,,, a;,, m; etc. are shown on prior page)

(set “Stop Time” = 1e-3)

p— page125_example3_18 *
Jopen = is L - Stop Time | 1e-3 <m & ub i

ey E SOV = Urmey Signal ~ [ Normal ) sep  Run Step Dets

v @ Pt v  Browser = Table w Fast Restart a:c‘:":w v Forwerd ey

4]

. Double-click “fcn” icon, and type:

-

| S e i =
- function y = fcn(u) @4 Change to your

y= 2e-6xexp(-10%u(1)) att Name

Ramp m
@‘ ‘ Shield H
a21

»C)RBM—T
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Homework

3.41 In the mechanical system of Problem 3.36 and shown in Figure 3.71, the spring

k3 is replaced by a damper of viscous damping coefficient ¢ = 32 N s/m, as
indicated in Figure 3.76. A force f= 180 + 20-e™*" -sin(107t-t) N acts now
on the body of mass m3. All other parameters provided in Problem 3.36
being the same, plot the system’s time response by means of Simulink.

FIGURE 3.76

Mechanical System With Pinion, Racks, Translating Mass, Linear-Motion Springs,
Damper, and External Force.

Parameters given in problem 3.36 are: my=1kg, my=2.1kg

Je=0.05kgm?, m3 =06 kg, kj = 120 N/m, k; = 100 N/m,
R, =2R; =0.03 m.
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Example 3.18.

*a
i T
i o 2
| = é
-
n

& 6TF Cewr A DD
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PTlb 2120

bz
’\/2
XZ: 1‘9’ 62 XZ :(g
X1 - (L‘(:(; l z
T | 2 ’ . o
ST SRS TN Y =
) y O
oLy e + ) ]
‘UMX{ zkl(\(rk‘?} -kaG('&}Z &l
T
Bt U |
- - g g
‘ 7%,
e Jik‘cxrxj)
FZ': _L s -~
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d o 4 2% 42d"  g©
Cjk le 9.)(‘ )i; r )

A el ol o
| ala;é[—x\: Y)"XI+TCX'//Z‘L’2+MZ)(‘ éz
i p/
DV
—(—a—;‘_ KX, + k|CYf-\r3> - Zkz x,éj
% (moz , m e
1 & oap Y
*C oy, P2k BTy Kixg =0

= |'LO2K3 — 0

2002 X3z -5080% X,

1 A

Uq9 C"L}
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3.18)

; o g o uv Ca == =)
S orm " - " v
Signal Step Run Step Data Logic Bird's-Eye
Table @ Fast Restart Back v = Forward Inspector Analyzer Scope
PREPARE SIMULATE REVIEW RESULTS
B X
=
=}
v| %
2
Al =
3
Q
=]
=
¥
fer
Imi
al2 /K F‘L P
\.r Zoe
a2l
- =
Alexander -
K
==
ﬂ
A
100% auto(odeds)
[ untitied * - Simulink & X
Scope x
mﬁlc Tools View Simulation % s 4 o o
Qrf Cjopen - s @-A@P =2 -Qq-[-F@A- ;J &3 5&2
o = ala Logic ird's-Eye -
Ni“ l save gLr‘::,a)':, Inspector ze Scope
5 [=b untitled B | v
@ ]
8 | @ [ajuntitied » - B
@ 2
3l & = H
g 3
& g
e
- D
&
Aexander =
- &
= Ready Sample based T=0.001 a
5 w .
Ready 100% auto(ode45)
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3.41)

1) (Term, B vm, RE) B + (1, R7 22w, R0 ki) €70

(0.051375'k%';n2:3é =44 B0 fu

0=0r0a8.6 3 G:040

ms*% +(K3*K\_K|p\2§x$= O
(0.6 kq) X, +(22g.2 Yxs = 0

5(.},.: =30

CS|

el Cambcannel
2»75"&”)(3 ‘f’o—(;g

g t
23X+ 5e £ whee €= 1804206

“sin (1owt)

Z ve Prlexandev

. e oSSR S

. Equations are incorrect.

.

FILE LIBRARY PREPARE SIMULATE
(=1 untitied3_41

) [ajuntitied3_41 »

L 4

i al1

4

|

1 ¢ —PB—={]}=

j fen

L Ramp 1m3 - D
Gain2 Zoe

J !
\wl' Aexander
a21

‘? D2 theta H D theta H
]

.

View 1 waming

10(
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3 _41*- Simulink

Scope
ATION DEBUG MODELING
File Tools View Simulation
i @ - 40
1 Open ~ |5 9 9 b
i save «~ Library
Browser
LIBF
[ untitled3_41

|"ajuntitled3_41 »

[CF]]

Ready

- Q-[-F@A-

Sample based

Offset=0

T=1.000

Ky

| ™

Data
nspector
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@ untitled *

SIMULATION MODELING FORMAT FUNCTION

_{Open ~ 151 Stop Time | 1e-3 1 —
e = [l € @O WP A
New @l sav Library Normal Step Run Step Data |
v =4 Print ~ Browser @ Fast Restart Back ¥ - Forward Inspector
FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS |
5 untitled 21
z =T vl 3
o ® "ajuntitled » ®
@ 2
g (’_{ ) You can now use '3." to search for and perform available actions. More information w g
S - b
-
= <
(Ba) att
— —
N "\ y &+ ) oo Ox1 Jarren
on
1/mt I D
<
Wison
a1
|
s | QeI
+/02x2 Dx2
‘ L
(o . F .
. Incorrect Simulink diagram.
»
Ready View diagnostics 85% auto(ode45)
@ Style: Scope 3 . . 3
File Tools View Simulation Help Wrong output. ¥

]
Figure color: 2.~ Plottype: Auto & 8- a0P® - Q- [E- & &

Axes colors: Q- £ -

Preserve colors for copy to clipboard

Active display: 1 &l

Properties for line: ~ Jarren )
Visible

Line: — B8 : s)|# -

Marker: none &

OK Cancel Apply

Ready Sample based T=0.001
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3.4l X
ey 12 (D) S (B
O b by (ks ()t b (e
(SM%J: e bmll) G= 1 h./x,-fo
Fahhe &, 160 Q0-& " smliome |

)R

K éll_mx-e\){zl)il

@ﬂ/ ". dx B
g/C]T‘-r()U'* M(:&; J__L_)‘/:]‘HXI X: Yj) ( %53
&Zf_g—; g 9y s
Gaoly ) J_TQ,:IM Y3
jﬂl*é[}o*&}) :02 C“b :
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EIT

C))C:) _ L Xy

6005

did not complete equation derivation, and did not obtain
Simulink results.
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DYNAMIC SYSTEMS AND CONTROLS
SPRING 2022

Title of Assignment: Homework 7
TOPICS COVERED IN HOMEWORK 7
1. Use MATLAB to find Laplace transform of given time functions.

2. Use MATLAB to find time functions from given Laplace transform
functions.



Homework

6.9 Use MATLAB to find the Laplace transform of the following time functions.

(i) A =e€""cos (0t + Q).
(i) fir) =e 12,

(iii) fir) = e *-sin (21)-cos (37).

6.11 Use MATLAB to find the Laplace transform of the time functions in Figure 6.12.

FIGURE 6.12
Multistep Function.

6.28 Use inverse Laplace transform function in MATLAB to find the time functions of
the following Laplace transforms.

(i) Y(s) = 2w-s/(s* + w?)%
(i) Y(s) = 1/(s® + a-s?).
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EDITOR PUBLISH FILE VERSIONS

r‘{b = C>[] < E{@ B [ section Break Q)‘

i - Run and Advance
New Open Save Go To Q Find Refactor @ B}, Run @ u o Run Step
= = - - [A] Bookmark = Section [$§] Runto End -
FILE NAVIGATE CODE SECTION RUN

aa ﬁ €% / > MATLAB Drive > Published > Zoe FEA >

LaPlace.m x| -+

1 syms t w p

2 f(t) = exp(-t)*cos(w*t+p);
3 laplace(f(t))

4 pretty(laplace(f(t)))

5 |

Command Window
>> LaPlace

ans =

‘ WORKSPACE ‘ CURRENT FOLDER

(cos(p)*(s + 1))/((s + 1)A2 + wA2) - (w*sin(p))/((s + 1)A2 + wA2)

cos(p) (s + 1) w sin(p)

2 2 2 2
(s + 1) + w (s +1) +w
>>

EDITOR FILE VERSIONS

1*] Run and Advance

CDJ |:>[| G t@ B 5 [Z Section Break [>
Run

New Open Save | GoTo Q il = Refactor Run Step
- - = ~ [ Bookmark ~ = Section Run to End -
FILE NAVIGATE CODE SECTION RUN

aE m & / > MATLAB Drive » Published > Zoe FEA »

LaPlacem x| +

1 syms t

2 f(t) = exp(-5*t)*tnr(1/2);
3 laplace(f(t))

4 pretty(laplace(f(t)))

5

Command Window
>> LaPlace

ans =

| WORKSPACE | CURRENT FOLDER

pin(1/2)/(2*(s + 5)A(3/2))

sqrt(pi)
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EDITOR PUBLISH

Ell:ll:' = |:>I] < c:@ % B 5 [Z) section Break

i Run and Advance
New Open Save @ GoTo o Find Refactor & R
- - - ~  [] Bookmark - Section 5] Run to End
FILE NAVIGATE CODE SECTION

1 3 ] & / > MATLAB Drive > Published > Zoe FEA >

LaPlacem x| -+

1 syms t©

f(t) = exp(-4*t)*sin(2*t)*cos(3*t);
laplace(f(t))|

pretty(laplace(f(t)))

nbswN

Command Window
>> LaPlace

ans =

| WORKSPACE | CURRENT FOLDER

5/(2*((s + 4)A2 + 25)) - 1/(2*((s + 4)A2 + 1))

2 ((s +4) + 25) 2 ((s +4) + 1)

>>
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o
ED:' S [_J‘>[] <« | fl@ % B 5 ' [ section Break D Q}

- R d Ad
New Open Save GoTo Q Find Refactor [‘j;;] ﬂl E Run [EI R e Run Step
S = s ~ [ Bookmark > Section [3§] Run to End -
FILE NAVIGATE CODE SECTION RUN
31 ¥ ol © / > MATLAB Drive > Published > Zoe FEA >
LaPlacem x -+
1 syms a b st
2 fi1 = 2*b; f2 = b;
3 Fs = simplify(int(fi*exp(-s*t),t,0,a)+int(f2*exp(-s*t),t,a,3%a));
4 pretty(Fs)|

Command Window

>> LaPlace
b exp(-a s) - 2 b + b exp(-3 as)

| WORKSPACE | CURRENT FOLDER

>>
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EDITOR PUBLISH

CG:' ﬁ [H] @ E{@ % g Section Break

i ~ Ri d Ad
New Open Save GoTo Q Find Refactor Run I7*] Run an vance

= - - -  [] Bookmark Section [5§] Runto End
FILE NAVIGATE CODE SECTION

31 ¥l &l & / > MATLAB Drive > Published > Zoe FEA »

LaPlace.m x +

1 Syms w s

2 Y=(2*w*s)/(sN2+wh2)Nn2;
9 ilaplace(Y)

4 pretty(ilaplace(Y))

5

Command Wi

>> LaPlace|

| WORKSPACE | CURRENT FOLDER

ans =

t*sin(t*w)

t sin(t w)

HOME o1s APPS EDITOR PUBLISH FILE VERSIONS
'ﬂ:' q>” <& :@ % [Z] section Break [> (
Q, Find = I¥] Run and Advance
New Open Save @ GoTo Refactor @ B;, Run un §
v - - ~ [ Bookmark - Section (3] Run to End -
FILE NAVIGATE CODE SECTION RUI

Ll nl & / > MATLAB Drive > Published > Zoe FEA »

LaPlacem x| +

1 syms a s

2 Y=1/(s"3+a*sj'2);

3 ilaplace(Y)

4 pretty(ilaplace(Y))
5

Command Window

>> LaPlace E
ans =

‘ WORKSPACE ‘ CURRENT FOLDER

t/a + exp(-a*t)/an2 - 1/an2

L88

v

3 usages of "s" found
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6.9 Use MATLAB to find the Laplace transform of the following time functions.
(i) fir) =e"-cos ('t + @).
(ii) fir) = e 12,
(iii) f{r) = e *-sin (2¢)-cos (31).

NAVIGAIE EDII BREAKPO
» Users » Zion » Documents »

Editor - C:\Users\Zion\Documents\laplacefunctions.m

laplacefunctionsm = 4
il %$Homework Problem (i,ii,iii)
2 syms w t phi
3 % (1)
4= fl = exp(-t)*cos (w*t+phi);
S £2 = expi(=5*t) *eN(1/2);

&= £3 = exp(-4*t)*sin(2*t) *cos(3*t);
7

8 $Display Laplace of function 1
g9— disp 'Function 1:'

10— L1 = laplace(fl);

11— pretty(Ll)

12

13 %Display Laplace of function 2
14— disp 'Function 2:'

15= L2 = laplace(f2);

16— pretty(L2)

17

18 %$Display Laplace of function 3
Ja= disp *Function 33"

20— L3 = laplace(£3);

Pilitz= pretty (L3)

: » Users » Zion » Documents »

z Editor - C:\Users\Zion\Documents\laplacefunctions.m
Command Window

>> laplacefunctions

Function 1:

cos(phi) (s + 1) w sin(phi)

2 2 2 2
(s +1) +w (s + 1) + W

Function 2:

sqgrt (pi)

2 s * .5)

Function 3:
5 1

2 2
2 ((s+4) T 25) 2 ((s+4) +1)

Jx>>
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6.11 Use MATLAB to find the Laplace transform of the time functions in Figure 6.12.

F)=2 (2>
Remties =(

a Y 't —

FIGURE 6.12
Mutistep Function.

o<t
Q(‘L): %’ C: » Users » Zion » Documents »
b 0 (‘t < 5“ [G} F~ Editor - C:\Users\Zion\Documents\laplacefunctions.m
) laplacefunctions.m =+
a = 15 bt
IL[](;)] =j; f.(r)-e”"du/:af,(:)~e""d:+/h filr) e fdr | 3 SIS

- 2 3 f = 2*b*heaviside(t)—b*heaviside@—b*heavisid
b - 1
L[P (ﬁ)]= ﬂ_b.est ({t + b-e—s.t dﬁ 5— disp ' laplace multistep function' K
-]

7= L = laplace(f);
° g . .
= o= pretty(n) The time intervals are

h:%[it ]: th [% I fromOtoa,(notOto1)&a

2> 1aptacerumceions L0 3@ (NOt 1 to 3).

) laplace multistep function

2 b b exp(-s) b exp(-3 s)

6.28 Use inverse Laplace transform function in MATLAB to find the time functions of
the following Laplace transforms.

» C: » Users » Zion » Documents »
(i) Y(s) = 2w-s/(s* + w’)>.

(i) ¥(s) = 1(s* + a-s?).

FZ Editor - C:\Users\Zion\Documents\laplacefunctions.

laplacefunctions.m 0 4
k= syms w s a
ie 2
g5 Y1l = 2*w*s/ (s"2+w"2) ~2;
3 4- Y2 = 1/(§~3Faksn2);
0 5
6= disp ' Inverse laplace of Y1'
t 7
8= invl = ilaplace(Y1l);
+ 9= pretty(invl)
t. |10
R 1= disp ' Inverse laplace of Y2'
If 12
i 13- inv2 = ilaplace(Y2);
© l14— pretty(inv2)
1S
18
i Command Window
- Inverse laplace of Y1
i t sin(t w)
e
fc Inverse laplace of Y2
N € exp(-a t) 1
- B + ————————— = =
- a 2 2
a a
Ol

191



BELOW AVERAGE



PUBLISH VEW

[2 @ EJMnSecﬁon é?
- - Advance Time

IBREAICPOINTS | RUN

Run and

| homework.m + |
A 1= clc;clear;close;
2 $Prob (6.9
3 $defin
4 - syms t w phi
S gwrice f(t)
6 - fll = exp(-t)*cos(w*t+phi);
7 - £2 = exp(-5*t)*t~(1/2);
8- £f3 = exp(-4*"t)*sin(2*t)*cos(3*t);
9 $calculate laplace
10 = fprintf('Laplace of fl\n\n')
11 = L1 = laplace (fl):
12 - pretty(Ll)
13 - fprintf('Laplace of f£2\n\n
14 - L2 = laplace(f2);
15 - pretty(L2)
16 - fprintf ('Laplace of £3\n\n')
17 = L3 = laplace (£3):
18 - precty (L3)
Command Window
New to MATLAB? See resources for Getting Started.
Laplace of fl
cos(phi) (s + 1) w sin(phi)
2 2 2 2
(s + 1) +w (s + 1) +w
Laplace of f2
sqrt (pi)
v 3/2
b | 2 (s + 5)

Laplace of £3

2 ({(s +4) +25) 2 ((s+4) + 1)
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jl’fx' : [2 % (2] Run Section ([9?

2 & Ld Breakpoints  Run  Runand |, Advance  Runand
INSRE - v  Advance Time
NT

BREAKFOINTS | RUN e

\Z Editor - H:\6.11.m

homework.m 6.11l.m +
JA.W’ $Prob(€.11) .
2 $define variables
3= syms b cannot assume a=1
- $here take a = 1
S $write £
6 - f = 2*b*heaviside (t)-b*heaviside (t-1l)-b*heaviside (t-3);
7 $determine laplace
8= fprintf('laplace of multistep function\n\n')
9 = L = laplace(f):;
10 - pretty (L)
11

Command Window

New to MATLAB? See resources for Getting Started.

> 6.11
ans = ?
6.1100 h )
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& fx e~ = [;2 o= »
b 43 if aun
) e -

| }
o |BREAKPOINTS | RUN e

o

[ homework.m 16JLm 6.28.m ' -+
1 %Prob(6.28)
2 fdefine wvariables
-|I= syms w s a
- fwrite Y (s)
= Yl = 2%y*sg/ (8*2)+w"2)"2;
6 - Y2 = 1/ (8%3+a*s"2);
7 $calculate inverse laplace
B = fprintf('Inverse laplace of Yl\n\n')
B = Il = ilaplace(Yl):;
10 - pretty(Il)
1l = fprintf('Inverse laplace of Y2\n\n')
I = I2 = ilaplace(Y2):
13 = pretty (I2)

Command Window

New to MATLAB? See resources for Getting Started.

>> 6.28
ans =
6.2800 ?
x> ’
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DYNAMIC SYSTEMS AND CONTROLS
SPRING 2022

Title of Assignment: Homework 8
TOPICS COVERED IN HOMEWORK 8

1. Formulate transfer function of a dynamic system, and plot the output
using impulse as the input function in MATLAB.



Homework 7.35 The MEMS of Figure 7.46 is formed of two pairs of beams and a shuttle
mass and is subjected to capacitive actuation. Use a lumped-parameter
model to formulate the system’s mathematical model for the motion about
the y direction by also taking into account the damping between the fixed and
mobile capacitor plates. All beams have a circular cross section of diameter
d = 1.8 pm. Known also are the shuttle mass m = 8-10'" kg, /; = 180 um,
l, =90 um, Young’s modulus E = 160 GPa, and the damping coefficient
¢ = 0.4 N s/m. Plot the system’s response using its transfer function and
MATLAB’s impulse function when an impulsive electrostatic force
f=1.2-10"° (1) N is applied by the capacitive unit superimposed to an
initial displacement y(0) = 1.4 um. The transfer function is G(s) = Y(s)/
F(s). Ignore the mass contribution from the springs and verify whether the
initial capacitive gap go = 10 pm is sufficient for the mobile plate motion.

(Add your name

Y
to the title of the plots) Capacitive actuatign\ . Anchor
Mobile plate—__ ' 9o
- I » M e I >
I, Anchor A

FIGURE 7.46
Physical Model of Translatory Mechanical Microsystem With Capacitive Actuation.
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Homework

d=\.8um
m=810" kq
2,180 um

l,_'— 0 um

E = GO GPa
C=049 N s/m
F21210°° gy N
Y(O)= 1.4y uum

Y(s)
G(s)= )
3°='°’“m

7.35 The MEMS of Figure 7.46 is formed of two pairs of beams and a shuttle

mass and is subjected to capacitive actuation. Use a lumped-parameter
model to formulate the system’s mathematical model for the motion about
the y direction by also taking into account the damping between the fixed and
mobile capacitor plates. All beams have a circular cross section of diameter
d = 1.8 pm. Known also are the shuttle mass m = 8-10"'" kg, /; = 180 pm,
I, =90 um, Young’s modulus E = 160 GPa, and the damping coefficient
¢ = 0.4 N s/m. Plot the system’s response using its transfer function and
MATLAB’s impulse function when an impulsive electrostatic force
=12 107 3(r) N is applied by the capacitive unit superimposed to an
initial displacement y(0) = 1.4 pm. The transfer function is G(s) = Y(s)/
F(s). Ignore the mass contribution from the springs and verify whether the
initial capacitive gap go = 10 um is sufficient for the mobile plate motion.

Y.
Capacitive actuatio{‘ -' Anchor |
Mobile plat\ ' %
I4 m la Iy
I, Anchor I»

FIGURE 7.46

Physical Model of Translatory Mechanical Microsystem With Capacitive Actuation.
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V(s)= I/s for wl+tl=hi(t) y
U(s)=1 for 8(t) and hit) -
U(s)= | — Geq(s)=G(s) La2 ~ylo) s+a2-y(®) rai y(o)+1] kP

- aZ -y(o)-s +a2-y(@)+al-yio) + | e mi(i'::ﬂ*)ﬂv!ﬂ:}m
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Yisy= v - Trese 1 =EOW
my(0)s +eylo)+F
—_— =G )

ms? 4cgeie !

2ET . 12ET
gk _g 2 & L_ME_ wa'  3wa'e
k=2 Kk,  © 12EL J2E1L 1,',1'1 & 8(222%)
IR

me= se-u

£, =180¢"°

f‘_: Qo0 g_‘e

E=leoe’

e=0u

INPUTS

yo= 1Lye™®

d=1.8¢°

f=126°

k=3nEd"/B/(5%42})
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LIVE EDITOR

dh H L] Find Files ¢ Bl Normal = = Task % & 23 p" (=] Section Break L) @9
New Open Save Ui Compae SGoTo~ 0 B I UM Code = Control™ a8 ® B2 Run and Advance Run  Swp Siop
T T &Pt 4 Find ~ & Refactor = Section [} Run to End -
FILE NAVIGATE TEXT coDE SECTION RUN =
Homeviork_6.mh Transfer_HW.mix +
1 meBe-11;11=180e-6; 12=00e-6; E=168e9;c=0.4; yd=1.4e-6;d=1.8e-6; F=1.2e-6; =
2 k=3*pi*E*d"4/8/(11"3+412"3) K » 0.3016 =L
3 g=tf([m*yd,c*ye+f], [m,c,k]); L
4 impulse(g) Stephanie Turner Impulse Response
5 title ('Stephanie Turner Impulse Response’) 10
6 ylabel ('Amplitude’) 45 [
K
35

4 6
Time (seconds)

UTF-8 script tn 6 Col 21

Is the gap sufficient?
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1/Khalf = 1/k1 + 1/k2

Ke = 2* Khalf
mm~Ebu&&hka&ﬁ_,KL;ui_£a&ﬂ-
f;__lL_, g . ST ¥
- Ke K K
- - e il
— where L amed Ko osze dc,é«'»\lo*( s
K2 vE-Ie su gz NS Erlwve (1)

0 ’ I~

.y N 'ﬂfdé’ > TC {I'°8X{t>"6)i1
by b4

lz 2 $1<2-99 X107 %%

ﬁlfﬁﬁ_/?%‘lzjl,_aﬂd_ﬁl =y (i) vt (a/,e;(‘

K,z 0-1696 ¥y Ky 2 [#3L7

Heace | 2 13-246) Gnpl [€e 2 Dep TS 3%

IKe

New- T & mﬂl'ﬁ_msﬁs_lzm

Ancher
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\u,:e_wm_wm_ecwqﬂ o QA
mat4 LS+ K = LT

N Qe bﬂ_u,sma v 'r\&a @°\V/

oLy - a,(o)' S &g ‘;40) +Aarye) +I|
J (/

2 78
—(#)

CLL‘QL’I'Q,: Il -

Herwe

o, =m = 8x10 " sR Coxm 't

Sty 2 C 2 Oy

O 3 K5 007838

—1377 vx&_o.,bmvd&q Cend L (7(012! b A0 6)

(0)2-0 T ) Lidi) we_a@l_

o missing alandy(0)intransfer-
(112 x10~"®) S +function.

(Boxp™) $*+ (0b)s + 007528

I ,,\,7 ot eq/ n MATLAR we Coipr
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Editor - E\My Drive\Work\FL\Mechanical vibrations\MEMS\newtasko.m
i | newtaskx.m ] +

T— G =t£([1.12*10"~-16,1],[80*10"-12,0.4,0.07538]):
~il= impulse((1.2*107-6)*G)
3 - Xlabel ('Time"):;
= ylabel ('AEmplitude");
== title('Impulse Responce (Ihab Ayoubi)'):
T Figure 1 —_ O
File Edit View Inset Tools Desktop Window Help ¥
DEde | M AKRODEL- S0 ad
£ 108 Impulse Responce (lhab Ayoubi)
3 T T T T T T
25T 4
2T 4
]
©
=
= 15 7
=
<
1 = -
05 i
I
Command o
>3 ne 0 1 | 1 A T i
0 o 10 15 20 25 30 35
>> ne .
s> Time (seconds)

S nawraalwv

Yes, the initial gap go= 10um is enough for the movement of plate as
max amplitude is 3um.

The correct max amplitude is 4.4 e-6m.
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l 12- I IQFTlTCLtN: 3Ev,0(|.- g &

2 = 3

1 B2~ 64l - . Je. L}
J 3 ETda - . ot
B T jeis
f

OEEMY iiﬁ_;%’r,ﬁiumqg $5cy3 =~ oﬁ?’?i 30\3-0%
i i Nogn & W Yesy + k2 Yo + cs Yy = F(S) O »
"',(m P T T
__—— Missingiinitial condition y(0) Hisihistranston;
\.\'\

- W |
o G‘CS—B)—— (s> = 2 ol =a i w' e
s T T
e F S +CS AWt ke, e
1L 5 —
= B S
—1 I e i s
- e S il
PUBLISH FILE VERSIONS VIEW
] & [3 section Break
ap f P gas T > o
Q Find ~ 1§¥] Run and Advance
New Open Save GoTo Refactor E] @@ Run Run Step
= ~ [ Bookmark i = Section [5J] Run to End -
FILE NAVIGATE CODE SECTION RUN a
G EFE Bl O /> MATLABDrive > Published > Zoe FEA > ®
@ || CHTHWm x + ] Figure1 x  + 0
§ 1 m = 8e-11; 11 = 180e-6; 12 = 90e-6; )
2| 2 d'=-1:8e-6; E = 166e9; ¢ = 0.4; Zoe Alexander Impulse Response
= [ f= 0 = 10€-6; 3 ;
§ 4 k1 [ (3*E*dna)/(16*1103);
(4 5 k2 § (3*E*dn4)/(16*1273); Coaih . .
3| o issing pi in the calculation|,
— 7 6 = tf(1, [mc, ki, k2]); 2 I
- 8 impulse(G); f‘
g 9 title ('Zoe Alexander Impulse Response'); \
) o1 g
LRI
- g \ L) /\ i\
— _ x|, 4% <0 R e
Keq = 2*k1*k2/(k1+k2) H‘ Yy
|\
1
-2 =
0 20 40 60 80
Time (seconds)
> | COMMAND WINDOW UTF-8 LF script Ln5 Col 26 2
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DYNAMIC SYSTEMS AND CONTROLS
SPRING 2022

Title of Assignment: Homework 9

1. Create bode plot in frequency domain for the transfer function
between transmitted force and applied force.



Homework for Chapter 9

9.28 A sinusoidal force acts on the mechanical system illustrated in Figure 9.49.
Considering that m = 0.6 kg and k = 220 N/m, analyze the transmissibility
of the input force to the force on the wall for ¢; = 10 N s/m and then for

¢z = 15 N s/m during the steady-state regime. (when a dynamic system in the steady-state,
initial conditions have no effect to the output.)
i

f= F sin(ot) k
— m

Transient domain | Steady-state domain

t—wo

FIGURE 9.49
Mechanical System With Sinusoidal Input.

(1) Make Bode Plot for Magnitude (absolute value) in MATLAB by adding:
opts = bodeoptions('cstprefs');

opts.MagUnits = ‘abs’;

(2) Include your name in the title by adding:

opts.Title.String = ‘your name Bode Plot’;
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For c1=10 N s/m:

EDITOR

Section Break

= 1§¥) Run and Advance
un

PUBLISH

B &

GoTo & Find ~

&
9 &3

%5

FILE VERSIONS

&

VIEW

New Open Save Refactor 53 Run Step
v v - ~ [ Bookmark - Section [§] Run to End -
FILE NAVIGATE CODE SECTION RUN ry
it} «.‘5—-‘] 2 & / > MATLAB Drive > Published > Zoe FEA » -
ChoHW.m » | + o Figure 1 x| + o
1 m=0.6; k = 220; c1 = 10; c2 = 15;
2 6 = tf([k*cl, kA2],[mr2, ci*m, 3*k*m, k*cl, kA2]); Zoe Alexander Bode Plot
3 opts = bodeoptions('cstprefs'); 4
4 opts.MagUnits = 'abs';
5 opts.Title.String = 'Zoe Alexander Bode Plot'; 3
6 bode(6, opts);|

| WORKSPACE | CURRENT FOLDER PN

Phase (deg)

Magnitude (abs)

co

-180

-270

-360

10 102 10°
Frequency (rad/s)

v

COMMAND WINDOW ‘

For c2=15 N s/m:

EDITOR

FILE VERS|

VIEW

UTF-8 LF script Ln 6 Col 14 =

Section Break
1$¥] Run and Advance

B

>

&

New Open Save Refactor S Ze] Run Run Step
R ~ [ Bookmark = Section ) Run to End -

FILE NAVIGATE CODE SECTION RUN x
< E ol © / > MATLABDrive » Published > Zoe FEA > -
o || ChoHWm x + ] Figure 1 x| + 3
4 1 m=0.6; k= 220; cl1 = 10; €2 = 15; ©
2 2 6 = tf([k*c2, kr2],[mr2, e2*m, 3*k*m, k*c2|, kA2]); —
= 3 opts = bodeoptions('cstprefs'); — 3
2z ;

o 4 opts.Magunits = 'abs'; —
[ 5 opts.Title.String = 'Zoe Alexander Bode Plot'; é
o 6 bode(G, opts); Lo
2
w
Q 4
g o
& 3
g =
0
s 0
—_
o
3 90 \
Z
o
0
£ -180 \
o
-270

100

10t 10? 10°
Frequency (rad/s)

v

COMMAND WINDOW |4 usages of “c2” found

UTF-8 LF script Ln 2 Col 43 =
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the 1st equation is in time domain.
JI

( Mg T/L)L,_;K Vi = I

—

.\}A’..AJ ‘_{fl )_ V\CL . Mo 33

7),+ a ((7”77 )_~r/<474,} +C T f(mJ,,__

(”"5 A2 )Y, — B, =2 «——{f1) -
Alsp, o

17;9(5) (AN AL A

.-
'/'/\

L /de N

@

(V)

Sujfglzmt\& vbolue 8V, (n ecV @) A ) w-a;oj

You have not shown Y2="?

FS) = [(m S ) (ms (Srae) —KT

. (msbﬁ:s + 2 )

\g/m/)[/ﬁ/?,k(? @/

= : T
/,b 9 . _ kS K

[\/@u ,Z,(7 b{jr\o MATL@W ;C-?\
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Now we plot the above equation in MATLAB

First, we use c =10;

(A Editor - E:\My Drive\Work\FL\Matlab\Dynamic contro\Chap 9 frequency transmission\xd.m

xdm | <+

L T S
|

m=0.6; k=220; c=10;

G = tf([k*c,k*k], [m*m,m*c, 3*m*k, k*c, k*k]) ;

opts = bodeoptions('cstprefs');
opts.MagUnits = 'abs';

opts.Title.String = 'IThab Ayoubi Bode Plot';

bode (G, opts) ;

‘E Figure 1

File Edit View Inset Tools Desktop Window Help

DEdS R RKODE -

2|08 =D

Con

-

lhab Ayoubi Bode Plot

Magnitude (abs)
N w

-

2

Phase (deg)

100 10’
Frequency (rad/s)

102
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Now for c =15

7 (A Editor - E:\My Drive\Work\FL\Matlab\Dynamic control\Chap 9 frequency transmission\xd.m

Coq

F

1
2
3._
4
5
€

xdm | 4

m=0.6; k=220; c=15;

G = tf([k*c,k*k], [m*m, m*c, 3*m*k, k*c, k*k])
opts = bodeoptions('cstprefs'):;
opts.MagUnits = 'abs';

opts.Title.String = 'Ihab Ayoubi Bode Plot';
bode (G, opts)

E Figure 1

File Edit View Inset Tools Desktop Window Help

NEdS K AAODEL- B|0B | aD

lhab Ayoubi Bode Plot

T

N

Magnitude (abs)

oo

©
=]

Phase (deg)
2

ro
N
=}

-
(=}
o

10" 102
Frequency (rad/s)
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118 (‘awm 0= 0.

k=220 Nm LN W S

: O=WONSm o - ' ,
S C2=\5Ng/m g 220N/Mm

| i—“\— - Y i TT‘T" . f
- ,,\C =FEinme) | m ,_Z\A/\__ T (4

j —_— : O:lﬂh‘l’ Q:,‘Dkﬂ_f_li’\ls w ~+4—
0.0 42 +220(y2-) = " _
:da_cﬁ_‘l— ZZQ(Jle}-) =D

Amh&la?%mjamﬁm
| 32(% Eoswf+222 %_ _og)Lcst =

= ZZOUI(S)
| . 0.0s%1220
Yy

j# lo 1 + zzm%_gﬁ_z%%

ﬂ-wmw T{mnS{:ovm = 1
| Olﬂ& 1Yt 220C Y TIoyi() ISy (s)= ﬁ
| =) Lo.bs* + 10;?1 155 14401 22042 () = Dl:'ﬁ) -

=yl (VL0 + 255 +440) -220* i) =g

A P 0.bS* 1220
jlwm (6.0 +295 4401 - 2202 7| = £ 7
| 0.bg24220
=yl [Q_Urzs,ar #40)10.bs 2 220)- zzo 1 F(s) -
L 0.bs*r220 S
e 51@ (p2bs*+ 43¢ = P(s) o
D.b$H220 -

| TLansmltted force thLspnng feme*dampmgimmat -wall,

t Y1 which is the displacement of mass 1
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}Thhﬁia'ﬁunCh)\ B

*L\

l#_fl 0?1220 S B
) 034st+155°t 21545500 s #4840d - —————
S M o

“Itis better to keep thgparadnete#&(m—c&k) in the—- .
equatmndenvatmn—Use—MA:I:tﬁrBTO‘dﬁTﬁé' calculatlon‘

: foryou B _4_#’,,' e .-

e e — ¢

+
|

L
|
-

tayloredavis » Documents » MATLAB »
ﬁ 7 Editor - /Users/tayloredavis/Documents/MATLAB/HWEx9_28.m

inw&&}&m w1+1

m=0.6; k=220; c=10; c2=15;

G= tf([ckm, kxm, cxk], [mxc, mkk+mxk+mxk, kxcl);
opts = bodeoptions('cstprefs');
opts.MagUnits="abs"';

opts.Title.String='Taylore Davis Bode Plot';
bode(G,opts);

ooV hs WN K

No bode plot.
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DYNAMIC SYSTEMS AND CONTROLS
SPRING 2022

Title of Assignment: Homework 10

1. Use Simulink to plot the output of a mechanical dynamic system
2. Add a PID controller and a linear actuator to the dynamic system
in the purpose of reducing the output (transmitted force).



Application of a PID controller

A dynamic system can be modeled as a mass, spring, damper system as shown
in the schematic diagram. The system oscillates under a Sine wave force and transmits
force to the fixed wall.

Where F(t) = 180 sin(5t) N, M1= 50 kg, C1=2 Ns/m, K1= 25 N/m

ky

el i?f Wall

G

(1) Simulate the dynamic motion of the system using Simulink,
Plot the transmitted force to the Wall.

(2) Add a PID controller to command a linear actuator to provide actuation force
to the system in the purpose of reducing transmitted force to the wall.
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(1)

SIMULATION DEBUG

o] - Stop Time [10.
P Ciopn ~ | md 4 @ P :
New [ save ~ Library signal L Sep  Run Step Bird's-Eye
- Browser able g Fast Restart Back + - Forward Scope
Ae Ev
5 x 3
£ View Simulalion . -]
£ = 3
2 lele@w = s[allm & @ -
b Gerardo Saldna Tran + v Signal Statistics g
'
) 1 By }
v
r ]
'
] | &
>
Ready Sample based 1210000 =
Lo w]
» |
Readv 60% autoloded5)

* Inthe original dynamic system, the vibration is simulated as it runs through the machine, if for example this were the suspension
of a car the car would bounce around and shake erratically as it is shown on the graph. Note that largest displacement occurs
over time at 6.574s with a max value of 2,.659e+01 where the force is at its highest value resulting in a more violent reaction.

Reaty Sampie based |Oftsai=0 |1-10 006

}- ‘.‘!)I._.“_ Ny —

¢ Comparing the two Simulink diagrams you can see the results vary significantly. In the first image the Simulink diagram
represents the Vibration system as it is without the PID controller. With the PID controller you see the force lessens as it
dampens the force via the actuator. The actuator reacts along with the exciter force lessening the impact as the force leaves the
wall. As it illustrates the size of the vibrations are more stable and less erratic over time, giving for a more smoother
experience
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Stop Time [10.0

>
X - || Norma 4 Scope
Al E tep  Stop | REVIEW
< < o | FastRestant Forward - File Tools View Simulation Help
He- 40P @® -] -[H-|Fld-
o titled -
% untitle é’ 0 ¥ Cursor Measurements
£ | © |[Fauntitied MIES » Settir
g = |
s S
2@ 2
g

=

=

& f / ‘ ;

. NI I \ AY [ AT
5 Displacement [ \
ol / ) 7 ¥ Signal Statistics
| B
u.@ _ O ‘N
- Ethan Philips transmitted force to wall |8
-
B Ready Sample based | T=10.000
HWFeedbackControlEthanPhillipsPID E=
v

© [*a]HWFeedbackControlEthanPhillipsPID

B 4ER

OB
-]

O

Simulink diagram |s correct. You can click on PID controller to tune the controller gains to achieve better

solution. [k

B3
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% ECO Andlyzer Stupe mirager

Scopel

{File Tools View Simulation

ol s®wr - sHallzll £ @

7 v Signal Statistics

Ready Sample based T=10.000
The transmitted force can be further reduced if the controller gains were tuned properly.
80% aut(
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® |"aHwFeedbackControlProb1 b
@
= ()
The output of this problem is the
Input F(t) transmitted force to the wall, not
the displacement x(t)
1
/\/ 5082+ 25+ 25
It}mplitudei 180 G(s) = 1/ (50sA2 + 25 +25) Output x(t)
requency =5
]
®
o HwFeedbackControlProb1 B =) |7 E2t8
eedbackﬂolProM v é »
Transmitted force should be larger. X S = *
File Tools View Simulation Help ]
©- B30 P - Q- - F & A

Ay

Amplitude = 180
Frequency =5




o) Missing an actuator in the control

system.
Input F(t)
1
PID(S) | p )
/\/ > PID(s) 5082 + 25 + 25 >
Amplitude = 180 p=0.1 G(s) = 1/(50872 + 25 + 25) Output x(t)
Frequency =5 =125
d=
— — o
|a| HWFeedbackControl Vi
£
Scope1l
The output of the controlled system _ ; _
File Tools View Simulation Help
does not show a reduction of @- 40P ® F-QA-[0- F &

transmitted force.

N »| PID(s)

Amplitude = 180
Frequency =5

p=0.1
i=1.25
d=0

Ready

Sample based T=10.000 |
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DYNAMIC SYSTEMS AND CONTROLS
SPRING 2022

Title of Assignment: Design Project

TOPICS COVERED IN DESIGN PROJECT

This project is used to evaluate students’ ability to apply the knowledge learned in the class for
understanding the dynamics and controls of an active suspension system of a vehicle. The students
are required to pick a topic of a particular active suspension system. Describe the functionality of
the active suspension system, draw a schematic diagram of the system, define the main variables
in the system, derive equations of motion of the suspension system, collect or calculate values for
the parameters in the dynamic system, assume an external load, use MATLAB/Simulink to
simulate the dynamic equations, and plot the system response of your defined variables. Explain
the system response and how the response illustrates the functionality of the active suspension
system.
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Project Title: Active Suspension System for Vehicle

Suspension system is an important sub-system for vehicle design. We have probably all
experienced the uncomfortable feeling when we drive a car without slowing down over a
pothole on the road. Active suspension is a method to go beyond a traditional passive
suspension system which has only a fixed spring and a fixed damper. Active suspension
technologies allow automobile manufacturer to achieve a greater degree of ride
comfortability and car handling.

The students are required to research active or semi-active suspension systems for vehicle.
You may pick a topic of particular active suspension system. Describe the functionality of
the active suspension system, draw a schematic diagram of the system, define the main
variable (or variables) in the system, derive equations of motion of the suspension system,
collect or calculate values for the parameters in the dynamic system, assume an external
load, use MATLAB/Simulink to simulate the dynamic equations, and plot the system
response of your defined variables. Explain the system response and how the response
illustrates the functionality of the active suspension system.

video demonstration of Active Suspension Systems

Bose: P . o A
https://youtu.be/eSi6)-QK1lw » q ; é - R a
Audi o T

— ‘
https://youtu.be/jE8s1q2y61Q . e S“f\p:'“i'of‘ J

Audi2 e —
https://youtu.be/P7QQLxthHyQ Y 8 : =
Cohventithal Suspension
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Project Grading Rubric

For MCEG 4306 — Dynamic Systems and Controls, Spring 2022

Title: Active Suspension System for Vehicle

Grading Rubric

Item Content Description Assign | Points | Relevant to assessment
ed Recei
Points | ved
1. Description of an Research active suspension used 20 An ability to acquire
Active Suspension in vehicle design; pick an active and apply new
System for Vehicle suspension system that you are knowledge as needed,
including the interested. Describe how the using appropriate
Schematic Drawings. system works and include its learning strategies.
schematic drawings.
2. Information Derive dynamic equation(s) of 20 An ability to identify,
Research & Equation motion of the active suspension and formulate complex
Derivation. system. Collect or calculate engineering problems.
parameter values used in the
equations.
3. Use of Based on the equations of motion, | 20 An ability to solve
MATLAB/Simulink simulate the motion using complex engineering
MATLAB SCI’Ipt file or Simulink. prob'ems by applylng
engineering skills.
4. Conclusion and From the MATLAB/Simulink 20 An ability to solve
Discussions. output of the active suspension complex engineering
SyStem, discuss the results and prob'ems by applylng
how t_he re_sults |IlustraFe the engineering skills
functionality of the active
suspension system.
5. Report Writing Use of technical writing format 20 an ability to
which generally includes abstract, communicate effectively
introduction, equations, figures,
tables, conclusion, references, etc.
All parameters used in the analysis
must be clearly justified by
referring to the origin of technical
data or calculated using
appropriate methods.
Total 100
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Abstract

For the last twenty years, active suspension technologies have dominated vehicle dynamics research.
Passenger comfort and safety are both influenced by the suspension system design, which is a critical
component of automobile design. Today's automobiles are equipped with active suspension control
systems because of their ability to balance ride comfort with vehicle performance. A typical example of
a distributed control system may be found here. Due to their energy regeneration capabilities, high
bandwidth, simplified structure, precise force control, improved handling, and drive characteristics,
active suspensions were found to be the best choice for vehicles. Real-time simulations of the
controlled system are carried out using the Matlab/Simulink. Making a comparison of passive and active
systems is the primary function of this report.

1. Introduction

From the horse-drawn carriage, which had flexible leaf springs affixed at the four corners, to current
high performance vehicles with complicated control algorithms, suspension systems are an intricate

part. Every vehicle traversing the extreme variety of roads in this country is subjected to the vibrations
produced. This can have a detrimental impact to both the comfort of the passengers and the longevity
of the vehicle itself. Whether a vehicle tilts during cornering (otherwise known as rolling) or dips to the
front while braking, different disturbances occur. Additionally, when traveling over rough terrain, the
vehicle's body may experience unwelcome vertical vibrations (bouncing). Because the tires may lose
their grip on the road, these jerky movements are often uncomfortable, but they are also potentially
hazardous to the occupants of the vehicle. A car's suspension is therefore primarily responsible for
stability as well as passenger comfort across a wide range of road conditions. This, in turn, would have a
direct effect on the user's safety.
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Figure 1.1 — Passive system

Figure 1 depicts a typical automotive suspension system in schematic form. Suspension systems should
be able to give a smooth ride and good control over a suitable range of deflection. In addition, these
standards are influenced by the vehicle's intended use. Luxury sedans typically have softer suspensions,
but poor road handling, while sports vehicles typically have stiff, harsh suspensions. Both road and load
perturbations are important factors to consider while developing a vehicle's system of stability and
performance. Smaller-amplitude high-frequency road disturbances have features similar to those of hills
that are large at low frequencies but modest at high frequencies (such as road roughness). Acceleration,
braking, and cornering all cause loads to fluctuate, which is what we call a load disturbance. Therefore,
with a suitable suspension design, it is important to ensure that the outputs are not adversely affected
by the suspension (e.g. vehicle height etc). Suspension systems need to be "soft" for road disturbances
and "stiff" for load disturbances in order to have sufficient cushioning.

When it comes to vehicle handling, a heavily damped suspension will transfer a lot of the vehicle's road
input to the vehicle body, whereas a lightly damped suspension will provide a more comfortable ride but

significantly reduce the vehicle's ability to handle turns, lane changes, or negotiating an exit ramp, for
example. A suspension design, then, is a balancing these two objectives is the art of compromise Passive
suspensions that are well-designed can improve riding comfort and road holding ability to some extent,
but they cannot eliminate this trade-off completely.
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Figure 1.2 — Active system

It's important to note that an active suspension system (Figure 1.2 above) has a built-in actuator that
may provide control forces to dampen the motions listed above. In addition, the tire-road contact
forces' dynamic nature has increased road holding. There has been a lot of interest in the usage of active
suspension systems, which can overcome some of the limits of passive suspension systems in recent
years. Automakers are considering the use of active suspensions to improve ride comfort and
controllability on the road. Electronically controlled active suspension systems have the potential to
enhance both the vehicle's ride quality and its road handling at the same time. Varying road conditions
need different behavior from an active suspension system, and it should be able to do so without
exceeding its travel restrictions.

There are several advantages to using a system of active suspension rather than passive suspension, but
these systems are difficult to execute since they require a lot of sophisticated electronic sensors and
actuators. Adaptable dampers, springs, sensors, and actuators have made these systems more widely
applicable in the last few years. Because of this, the vehicle provides a superior balance of ride and
handling qualities in a variety of situations, compared to conventional suspension systems. ECS systems

are often found in luxury cars and high-priced sport utility vehicles since they are more expensive than
traditional suspension systems.

236



1.1 Constraints

Active suspension systems add hydraulic actuators to the passive components of suspension system as
shown in Figure 1.2. The advantage of such a system is that even if the active hydraulic actuator or the
control system fails, the passive components come into action.

Primary variables used are derived from the Free body diagram seen in Figure 1.2 above.
M, = Mass of Vehicle

M.: = Mass of wheel

C,= Damper coefficient

K= Spring coefficient

U,= Actuator coefficient — control force

Z;= z movement of carf body

Z..= 2 movement of wheel

The constraining equations are as follows,

Mszs'l'Ks(zs_zus) + Ca(zs_zus) —uU, =0 (1)

M5z, + Ks(zus - Zs) + Ca(zus - 25) + Kt(zus - Zr) +u,=0 (2)

Where u, is the controlling force from the actuator. It can be noted that if the control force u, = 0, then
Eqn (1) becomes the equation of passive suspension system. Considering u, as the control input, Equn
(1) becomes

(1) = 2,

#2 = — 3 [K(21 — 23) + Calzz — 24)]

(#3) =24

24= — 3 [Ky(z1 — 23) + Calzz — 24) + Kulzs — 2,)]

Where, 21 = Zg, Z9 = Zg, Z3 = Zye, & Z4 = Zyg
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1.2 Known values for quarter suspension
M, =300 Kg K = 190000 N
Mus =30 Kg B=1 secl

Ko=32000 N/m
C, =1000 N/(m/sec)

P.=10.55 MPa

Did not use in this report.

2. Simulations

This sections shows the simulations used based on the equations above. First the system was run as a
passive system to establish a base line of response. Then a PID controller was added to the Simulink
diaghram. Once the PID was installed, the system becomes active and we can see the quicker response
and less dramatic impact when the vehicle comes in contact with the bump.

Road Input

v
ElE
g
AXX
i
v

Figure 2.1 — Simulink of a Passive system
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As the vehicle approachs and overcomes a bump in the road we can see from the graph the response of the passive system. The displacement
of the vehicle upward % the way through the bump is a consistant response. Then we see the system recover over the next few seconds but the

ofthe vehice upuard % the way t Then
nielreactionispretiy St Need to add a description here for bump (pulse generator).

4 Scope - [m] X
File Tools View Simulation Help *
- 0P @ - Q- C-FA-

# ¥ Trace Selection

TH Car Body Displacement

# ¥ Signal Statistics

Ready Sample based Offset=0 T=10.000

Figure 2.1 — Passive system response
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The Simulink diamgraph seen here shows the system laid out with the 2 bodies from the schematic as well as the PID controller/actuator setup

which completes the active nature of the suspension. The road conditions are simulated by a pulse generator. The specifics of the generator are

an amplitude of .05, period of 100 secs, pulse width of .5 and a phase delay of 3 secs. The values placed for the springs, mass and damper are

listed above.

4\ PID Tuner (THALE_Active_Suspension_Simulink_v1/Discrete PID Controller) - Step Plot: Reference tracking

£l

Figure 2.2 — Simulink diaghram

Step Plot: Reference tracking

T T T

1) PID gains applied to block and block response updated

Controller Parameters: P = 1.736, | = 0.8319, D = 05824, N = 582 |

Figure 2.1 - Tuned PID controller
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It would be better to include the real output values in the summary statement and
make a comparison between the passive system and the active controlled system.

Below you can find the graphical representation of the active suspension responding to a bump in the roadway and the quickly responding. As
you can see the addition of the PID controller aids the system significantly.

4 Scope - o x

File Tools View Simulstion Help

# ¥ Trace Selection ax

TH Car Body Displacement  + [l

¥ Signal Statistics LR

Ready Sample based Offset=0 T=10.000

Figure 2.4 — Graphical representation of the Active suspension

Conclusion

From the information found during research for this project, we can see that an obvious choice
for economic to middle class vehicles is the passive suspension system. Being a cheaper system, it fits

the needs of the average person. While it will handle normal road conditions at basic comfort levels, it
certainly has room for improvement.

The major improvement to a passive system is to add a pid controller, which can and does
respond to changes in road conditions very quickly which increases ride comfort and handling. Designed
for rough roads, potholes, and other irregular driving conditions. PID-controlled active suspension
enhances ride comfort, according to the simulation results. It has also been demonstrated that the PID
controller may be a successful tool in building active suspension systems, despite its simplicity in design
and the availability of well-known standard hardware.
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ABSTRACT

The purpose of this is project is to learn about active and passive suspension systems and
reinforces our understanding on feedback controls and dynamic equations. We did this so
through research, deriving dynamic equations, and creating Simulink diagrams of active and
passive suspension systems. In this report, I will prove how an active suspension system provides
passengers’ a higher quality riding experience in comparison to a passive suspension system.
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CHAPTER 1
ABILITY TO CONDUCT EXPERIMENTS

1.1 Objectives of the Experiment

1. Research active or semi-active suspension systems for vehicle.

2. Describe the functionality of the active suspension system

3. Define main variables in the system

4. Assume an external load

5. Use MATLAB/Simulink to simulate the dynamic equations

6. Plot system response of defined variables

7. Explain the system response and how the response illustrates the functionality of the active
suspension.

8. Compare how an active suspension system is better than a passive suspension system by
simulating the system response of both systems going over a 0.12 m-deep pothole.

1.2 Theory Associated with Experiment

A suspension system helps drivers keep control while being on the road by maximizing the
friction between the tires and the road surface. However, the downfall of a suspension system is
that when a vehicle passes over road disturbances like a pothole, the body of the car oscillates
and may provide discomfort for the passengers of the vehicle. However, active suspension
systems have been made to prevent and reduce that discomfort. An active suspension system is a
computer-controlled system, which actively controls the vertical movement of the vehicle in
response to road disturbance. It consists of a feedback controller, springs, dampers, and masses
concerning the body and suspension.

1
Body Mass

Ml
e b

LT -
| % Suspension

Mass

M,
SN

IW Lr C2
_/_\

Figure 1.1 Model of Bus Suspension System (1/4 bus)

A suspension system, also known as a passive suspension system, consists of dampers,
suspension mass, body mass, and suspension mass.
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1.3 Literature Review

Spring: An item that becomes deformed when force is placed upon it but can also return to its
original shape after the force has been removed.

k: The symbol that represents the strength of a spring in calculations.

Damper: A mechanism that restrains and reduces vibrations over time.

c: The symbol that represents the strength of dampers in calculations.

Body Mass: mass of the system being supported by the suspension. (Example: mass of the body
of vehicle, passengers, etc.)

m;: The symbol that represents body mass in the calculations.

Suspension Mass: mass of wheels and its moving parts.

m,:The symbol that represents the suspension mass in calculations.

Feedback Controller: A device that measures the output of a process and then manipulates the
input as needed to drive the process variable toward the desired setpoint.
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It's good to apply Lagrange's method for deriving the dynamic

equations. However, pothole W should be included in the equations.

CHAPTER 2
ABILITY TO ANALYZE EXPERIMENTAL DATA

2.1 Deriving Equations of the System based on Figure 1.1

11
T = Em]_Xl +§m2X2

1 1
U= Ekl(Xz —X1)2 +§k2X22

U
F=EC1(X2—X1) +EC2X2

d (T . aF . . au .
—(—) =myX;; ax, =—c1(X; — X)) (6_){1) =~k (X2 — X1 );

daT_ . aF_Xl(aU)_le
aa—xz—mzz, a—x.z—fzz. 6_){2_22’

{m]_(?]_ + C1X1 - C1X2 + k]_X]_ - k]_Xz = 0}
mz)?z + C2X2 + kzXz =0

.. 1 . .
A = —m—(C1X1 =Xy + ko Xy — ki X3)
1
.. 1 .
X, =——(c,X k. X
2 m (c2Xz + Ky X3)

2.2 Defining the Quantities of the System .
These equations are for

ml =2700 kg . .
m2 =310 kg passive system. The active
k1 = 85000 N/m .

K2 = 510000 N/m system should include a

c1 =450 N-s/m control force.

¢2 = 15000 N-s/m

2.3 Presentation of Passive and Active Suspension System Simulink Diagrams

To create these Simulink diagrams many blocks of integrators, gains, step functions, outl, Inl,
scopes, and a subsystem were used. The purpose of these Simulink diagrams is to simulate how
each system responds to passing over a 0.12 m-deep pothole. This is primarily done so by the
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step functions. The step function of W helps us to represent the smoothness of the road at a
certain moment by inputting a final value for W. If the road was perfectly smooth, W’s final-
value would be zero. However, to simulate the system’s response to the pothole, W’s final value

is -0.12.

%) suspension_system_saucedo

. 510000 +
—pf+
spring 2 "’ d

Damper 2

1/Mass 1

1/Mass 2

85000 Il-‘.

spring 1

oscillations with a passive suspension system (m)

— Y

Figure 2.1 Simulink of a Passive Suspension System

In the passive suspension system, the U step function is the force that acts between the masses.
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Figure 2.2 The Feedback Controller system of the Active Suspension System

In the feedback controller system, the “r” step function’s values for step time and final value are zero,
which means that system is commanding the vehicle to stay at a level.

¥ Feedback_controller_Active_suspension_system_saucedo P [P Suspension Model (Subsystem) v
1
s
’ Int{y1)
‘._—"\I/‘mi_;uiflr
spring 1

il R

1/Mass 1

dampar 4 ]
e didltiy1)
" m i
1/Mass 2

x1

Damper 2

I_ didi(x1)

Figure 2.3 Subsystem of Active Suspension System

The subsystem of the active suspension system is a suspension system, but with inputs from the feedback

controller and outputs informing the feedback controller system of how the suspension system is currently

doing. Therefore, if there were road disturbances, the input begins to manipulate the suspension system to
reduce the oscillations of the bus until the bus is properly leveled.

The controller & actuator are missing in the diagram.

248



CHAPTER 3
ABLITY TO INTERPT EXPIERIMENTAL DATA

3.1 Presentation of Figures and Interpretation of Results Presented by Each Figure

oscillations with a passive suspension system (m)

Ready Sample based Offset=0 T=50.000

Figure 3.1 Oscillations with a Passive suspension system

These oscillations occurred after the bus passed over a 0.12 m deep pothole. These oscillations occur for
about 50 seconds. The oscillations begin to range from *0.11 m and decrease over time.
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Ready Sample based Offset=0 T=2.000

Figure 3.2 Oscillations with an Active Suspension System

The oscillations occurred after the bus passed a 0.12 m pothole. The largest oscillation to occur was
0.0052 m, but the oscillations of the bus decrease back to zero within two seconds.

3.2 Conclusions based on each Objective and Results

To summarize, an active suspension system is a computer-controlled system that actively
controls the vertical movement of the vehicle in response to road disturbance. Therefore more
comfort is provided to the passengers. An active suspension system consists of a feedback
controller, dampers, springs, body mass, and suspension mass. In this project, we assumed a
situation where a passive and active system would pass over a 0.12 m-deep pothole to
demonstrate their differences in their performance when it comes to comfortability for the
passengers. Furthermore, one can tell from the plotted responses that the active suspensions
system is superior to the passive suspension system. By how long it takes for the active
suspension system to return to a steady-state of zero oscillations and by how the oscillations of
the active suspension system are less than half of the oscillations of the passive suspension
system.
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Abstract

The purpose of this report is to explain how to improve the current ABC system to improve the vehicle’s
overall comfort and stability. Research on the system has been carried out through the last two weeks of

class over the system although the knowledge for Simulink and MATLAB has been brushed upon since
month 2 of this 2022 Spring Semester.
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Chapter 1. Overview and Background

In this chapter, there will be a discussion on where the DAS system originated from and what cars are
using this system, and other systems with similar properties. From my understanding, Former 1 Racing
cars use different types of suspension for being able to have more control while turning at high speeds
while also riding low to decrease airflow between the ground and the bottom of the car. Active
Suspension Systems has changed the way of driving for Former 1 Racing, and it changed the way we
drive overall in everyday cars.

1.1 Overview of DAS

In 1983, an electronically adjustable damper would affect the curve of the shock absorption. The
“electronically adjustable” is known as adaptive or semi-active. This type of system was first used by
Toyota and then later a similar model system was conducted in 1989 which was used on the Cadillac
Allante.

There are various types of suspension systems that are known to be active or semi-active. An active
suspension system is a type of automotive suspension on a vehicle. Using an onboard system to control
the vertical movement of the vehicle’s body rather than passive suspension provided by large springs
where the movement is determined entirely by the road surface. A semi-active suspension system
automotive system that controls the damping force of the shock absorber in response to input from the
continuously varying road surfaces. The system itself also adjusts the actuators in the dampers to reduce
vibration and improve riding safety and comfort. Semi-active/adaptive suspensions only vary shock
absorber firmness to match changing road or dynamic conditions, active suspensions use some actuators
to raise and lower the chassis independently at each wheel.

A DAS (Delft Active Suspension) System is a type of automotive suspension system that has been developed
being a low-energy roll and pitch attitude control (low frequency). With the least amount of work, the DAS
system is able to keep the car horizontal in circumstances, with roll and pitch canceled out. The suspension
system denoted by Delft Active Suspension (DAS) is able to suppress the low frequent sprung mass motions
(such as rolling during cornering or pitch during braking/accelerating) using only a small amount of energy.
Besides being able to control the vehicle's attitude, DAS can also be applied for improving the ride when the
vehicle is operated on an uneven road (vibration control).

Figure 1.1 F1 Race Car and Suspension System

1.2 Overview of ABC
The Active Body Control system was originally introduced in 1999 on the Mercedes Benz CL-Class
C215. In 2006, the C216 reintroduced the ABC system but as a second-generation Active Body
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Suspension which was referred to as ABC Plus or ABC II in proper technical documentation. The
Active Body Suspension is the only suspension system that can control individual spring and damping
forces on each wheel. The suspension also controls the suppressing and rolling movements. The system
itself has a clear focus on ultimately improving the suspension on each wheel to provide above
satisfactory ride comfort, stability, and vehicle dynamics. Mercedes has been in the development of E-
Active Body Control since 1999 and has been developed in-house by Mercedes-Benz individual
engineering-based minds. The system uses hydraulic cylinders on top to control the low-frequency
movements of the suspension. Below that hydraulic part is a spring and a dampener that can adjust to
rebound and compression. The in-house developed suspension requires a 48V voltage operating power
supply along with an AIRMATIC air suspension which is the base of the E-Active system.

Upper Ball Joints

control Arm
Shaft/Bushings

Tie Rods &
Adjusting Slewve

Pitman Arm

Lower ball
Joints

Figure 2 ABC Suspension System

The AIRMATIC system adjusts the amount of air for greater comfort and body roll as each air spring
moves vertically. The self-leveling suspension system is a great suspension system for rough/rigid roads
allowing a greater ground clearance. With the two combined, it provides an all-around level of control
and stability keeping the vehicle level constant, no matter the driving conditions. The ABC suspension
uses multiple accelerometers to measure the movement of the body during the cornering, braking, and
acceleration process. Other accelerometers are able to measure if the body is moving up or down due to
the wheel assembly.
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Figure 3 AIRMATIC Suspension on Mercedes-Benz CL-Class

The E-Active Body Control actively supports and dampens the vehicle body as it’s needed. This portion
in particular is helpful to drivers while driving under uneven road conditions. During braking and
accelerating, the vehicle tends to stay level above ground while various forces are acting on each wheel.
The suspension system works by coordinating the air suspension with semi-supporting hydro-
pneumatics. The hydro-pneumatic system provides water too automatically as defined by pressure &
quantities in many locations from a single pump. These systems aren’t involved in many of the newer
cars only due to the fact of high development efforts and the additional cost of the suspension
components. To provide excellent comfort and satisfaction to customers, it is necessary to have a
suspension system that isolates the vehicle’s chassis or drive from the unevenness of the ground. There
are three different components applications in the suspension system:

e The Wheel or Axle Suspension
e QOperator’s Cab Suspension

e Boom Suspension

e Payload Suspension

A solid axle suspension houses the differential inside the axle itself, connected to the wheels by the rigid
half-shafts. The entire axle moves as one, therefore if the left wheel were to drop into a pothole, the right
wheel will move upward in response. Since the differential does not move with the axle, each wheel can

have an independent suspension link to the vehicle. Since the suspension piece is shorter, it has a smaller
turn radius to travel, therefore the wheel travel is reduced.

Figure 4 Solid Axle Suspension
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Chapter 2. Components, FBD, and Equations

This chapter will discuss and show the different FBDs that are possible with the main focus on one.
Important variables such as springs, mass, and dampers will also be discussed to show the significance
of each component. This chapter is an important chapter that will correlate with the fourth chapter
involving MATLAB and Simulink.

2.1 Suspension Components

The main components that are a part of the Active Body Control system consist of a specialized pump, an active
hydraulic cylinder, advanced struts, shock absorbers, springs, sensors, and 2 microcomputers. The type of pump
that is used as the specialized pump in the active body control system is a high-pressure radial piston hydraulic
pump that operates at 3,000 psi. The accumulators regulate the hydraulic pressure by means of an enclosed
nitrogen bubble that is separated from the special hydraulic fluid by a membrane. The hydraulic pump is utilized
by converting the mechanical energy of the body of the car into hydraulic energy. The active hydraulic cylinder
could move up and down rapidly, a sensor in each cylinder to monitor its position, the microcomputers are able
to detect the motion of the car being able to send a signal to the pump that will then move the hydraulic
cylinders within the fraction of a millisecond. The Active system FBD will be a quarter-car model. Focusing on
one suspension spring in the active system.

2.2 FBD of Quarter Vehicle

In the FBD below, the FBD is displaying the partial amount of the suspension system in a quarter-car. As in the
Active Body Control system, the main components involve the spring and dampener. Utilizing the equation also
in the figure is how the value can be determined if not already available.

&Uarkr Cnr

X and Y were missing in the schematic diagram.
odel . &

Equation !

1t MK+ CE+Kx = CY + Ky

= ( (4 + Ky} ox-x
C ¥

For a two degree of freedom system,

there are two equations. You only
derived one equation.
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In this FBD, it is expressing a passive active system turning inro an active system using the counterweights,
springs, and pulleys to counterbalance the mass of the object. Changing the dampeners from a passive system

into force actuators in a active utilizing the hydraulic pumps.

m,

M= Woss
- S@mj
> fore
x\wm MEve Suarem, Mas

powrs () T replaced
m& b’j YW & QAvoter

ke The coordinates Zs, Zu, Zr, should
be included in the schematic

diagram.

2.3 Equations
The mathematical model of electromagnetic active suspension is shown in the figure below. The friction force of

the electromagnetic actuator is neglected. Ms, Mu, Ks, Kt, Zs, Zu, and Zr all represent the same parameters and
variables as described for a passive system. The electromagnetic force actuator is represented by Fa which is

visualized as a control input.

Msis + ¥s (2'5 - 2’”\= E!

MuZo - les (24 —20)+ IL\('L,,-Z,) =-f

In the figure below, the mathematical expression symbolizes the hydraulic active system in which an Active Body
System is. An Active Body Control system utilizes the hydraulic pumps, springs, struts, sensors, and

microcomputers.

Why the coordinates being changed to Zu, Zs and Zr from the
earlier equation with x and y?
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Chapter 3. Simulink

In this chapter, the Simulink for the suspension system will express the different vibrations and frequencies
when the driver is on the open road. When driving harsh road conditions, some systems aren’t able to respond
quick enough.

3.1 Suspension System Simulink

In the diagram below, the Simulink is being expressed through the MATLAB software showing the change and
vibration frequencies that the user experiences while driving. This is the quarter-car model of a passive system
which is in title with a different amplitude.

FeedbackControl ¥ ModeiCar
H
® |%jFeedbackControl £ @ ["alMadelCar

4
ection, click a port, terminator, or line segment, and then click a compatible, highlighted mode! element. More information. Do not
file Tools View Simulation Help ¥

I M " o @ + %]+ .
d @ -4e0p Q- (- @

Ready Sampe based  1=20.000

The input and output values of the Simulink diagram should be
described and justified.
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the specific values of amplitude and frequency must be included in
the report.

In the diagram below, the system is still passive but a change in amplitude and frequency has been made. The
force is still in the same position but in a much smoother look.

bounvaug
: |
Fls @ o WoOs Biews O WRWIIOD DO 07T FH0M SN
g3 10 C165(6 S COULBCADU CIICK 8 BOL (LLUISIOL OL |1U6 26BIEU SUG (LU CCK 3 cowbsppis’ [BIBHIE] ,
4 @l% @ [@wogeca

In the figure below, the passive system has been changed to a active system with the PID tool. It took less than a
second to reach it’s max value but close to 10 seconds to reach it’s lowest value.

| &
File Tools View Simulation Help

9-90P® -Q-[-Fid- i ~ sep  mn : ;

Ready Semple based  T=20000
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The figure further expands on the maximum and minimum values that were met in the program.
4
File Tools View Simulation Help
- 0P ® =-QA-C-FA-

* ¥ Trace Selection

Integrator

7 ¥ Signal Statistics

0.6

s NP APAAAAAA AN

Jeady Sample based T=20.000

Did not explain the meaning of the results from the Simulink

output.

No conclusion.

No reference.
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