	MAE 515 Advanced Automotive Vehicle Dynamics


	 


Summer 2025

	Office Hours:   via google meet


	This course covers advanced materials related to mathematical models and designs in automotive vehicles as multiple degrees of freedom systems to describe their dynamic behaviors in acceleration, braking, steering, rollover, aerodynamics, suspensions, tires, and drive trains. 3 credit hours.
	 

	 
	
	 

	• Prerequisite

	 
	Undergraduate courses in dynamics (MAE208) or equivalent or consent of instructor.



	• Course Objectives

	 
	A special focus of this course aims at enabling students to apply the theories they learned in mechanics, energy, structures, design, materials, dynamics, aerodynamics, vibrations, and controls to a real-world system they encounter every day.  From the basic theories, this course further extends to the development in next-generation vehicle technologies.
By the end of the course, the students will be able to:
· Demonstrate a skill to apply basic theories to establish useful models for either the entire vehicle or components of the vehicle.

· Interpret the properties of critical factors in vehicle motion control

· Apply the models established from basic theories for vehicle design and improvement

· Identify key components and their working principles of modern vehicles

· Identify the technology improvements in vehicles in the last several decades

· Identify technologies critical to next-generation vehicle designs based on literature reviews and actual test data.
· Relate the course materials to daily driving experience of a vehicle, in particular those related to driving safety.




	• Tentative Course Topics

	 
	Outline of Course 

Lecture weeks (two 75 minute lectures per week)

Topics
Week 1-3
Course Syllabus and Policies; Introduction: history, vehicle classifications, fundamental approaches to vehicle dynamics modeling, motion analysis, force analysis, and energy analysis. Acceleration Performance: power train components; power-limited acceleration; traction limited acceleration; transverse weight shift; front wheel drive vs rear wheel drive vs. all-wheel drive vehicles
Week 4-5
Braking Performance: braking force analysis; brake design and analysis; federal regulation on braking performance; anti-lock braking system; wheel lock-up; tire/road friction; safety and maintenance issues in braking.

Road Loads: wind drag and car body design, rolling resistance; breakdowns of total road loads; gas mileage analysis and driving styles
Week 6
Tire and Tire Dynamics: tire specifications and constructions; tire motion analysis; tire force analysis; tire contact stress analysis; tire vibration analysis; tire wear and maintenance.
Mid Term Examination

June 26-27

Week 7-8
Ride: riding comfort; perception of vibration; vibration sources; vibration transmission to the passengers; vibration models; vibration isolation techniques.
Cornering/steering: lower speed cornering; high speed corner; cornering bicycle model; steering angle; suspension roll and cornering performance; over-steering vs. under-steering; cornering force analysis.
Week 9-10
Suspension Systems: general kinematics; vehicle constraint analysis; practical designs; active suspension systems
Future trends in vehicle design
Final Exam

July 28-29



	• Course Requirements

	 
	Homework Assignments: 20% For on-campus students, homework assignments should be submitted in the beginning of the class on the scheduled due day, collected either by the instructor or the studio.  For off-campus students, homework assignments can be submitted electronically to: 
Homework_EOL@ncsu.edu before 12:00 PM on the scheduled due day.

Make sure that the cover page contains the course number, instructor’s name, number of the assignment, the date the video is viewed, and the corresponding due date.

Examinations: One midterm exams (25%), one term report (25%) and a Final Exam (30%). 

Software Requirement: Access to standard engineering software (MATLAB, Excel, etc.) 
MATLAB is accessible through the Virtual Computing Lab.

PROJECTS: none.




	• Textbook & References

	 
	Textbook: None 
Reference books:
J.F. Tu, 2023, Difficult Dynamics Concepts Better Explained – Principles and Applications, World Scientific, ISBN9789811262470 (hard cover), ISBN ISBN9789811262494 (ebooks)
      https://www.worldscientific.com/worldscibooks/10.1142/13029#t=aboutBook
Jay F Tu, Difficult Engineering Concepts Better Explained – Statics and Applications, 2020, World Scientific Publishing Co. Pte. Ltd., ISBN 9789811213786 (hardcover) ISBN9789811213973 (ebook). For supplement material for this book, visit

      https://www.worldscientific.com/worldscibooks/10.1142/11652#t=suppl

Race Car Vehicle Dynamics, W.F. Milliken and D.L. Milliken, SAE, 1995, ISBN 1-56091-526-9 
Fundamentals of Vehicle Dynamics, Thomas D. Gillespie, SAE, 1992, ISBN1-56091-199-9




	• Course Policy

	    All tests will be conducted via moodle.  

    Use office hours via either in person visit to instructor’s office or use google meet link

    No late HWs accepted.  Request to accept late HW will be ignored without reply.

    All announcements will be delivered either in class, via email or through moodle.



	• Computer and Internet Requirements

	 
	NCSU and Engineering Online have recommended minimum specifications for computers. For details, click here. 




	• Instructor

	 
	Dr. Jay F. Tu, Professor
Mechanical and Aerospace Engineering
Engineering Building III (EB3) 4164, Box 7910
NCSU Campus
Raleigh, NC 27695

	Phone: 919-515-5670
Fax: 919-513-7968
email: jftu@ncsu.edu




