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WL, MU SRR TR R, xiaoxc@sustech.edu.cn

Department of Mechanical and Energy Engineering

Xiao Xiaochuan, xiaoxc@sustech.edu.cn
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MAE203 # it 772 1 -B Engineering Mechanics | — Statics and Dynamics
MSE305 m# MAE202 #1 ¥} 77“% Mechanics of Materials

8%t 528 Innovative Design Practice

P %Sz Product Design Practice

Not Applicable

BEF RN K H ¥ HF SYLLABUS

machinery, automation and robotics.

e  To teach students how to formulate the design and manufacturing problem for mechanical systems.

This course is intended for students beginning the professional study of mechanical engineering. The focus is on
combining fundamental concept development with practical specification of mechanical components. Subjects covered
by this course include engineering basics, failure prevention, gear components, joint components, flexible components
and various other mechanical components. Special topics will be covered regarding the pathway from mechanical

engineering fundamentals towards future directions of design engineer in research and industry towards advanced

e To teach students how to apply the general mechanical engineering sciences in analyses specific to the design of
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mechanical components.

e To teach students in a laboratory setting how to generate concepts, conduct analyses to size components,

construct, assemble, and program a prototype of a system and test its function to meet the specifications of a design

and manufacturing problem.

e To reinforce students’ team skills through a team project, including problem formulation, problem solutions and

written reporting of results.

. To

reinforce students’ visualization and hands--on skills through project virtual prototyping and/or physical

construction exercises.

ik % R Learning Outcomes

As a core course for mechanical engineering major, this course lays the foundation for students to conduct machine

design, manufacturing and related research and development. The following learning outcomes are expected for

students taking this course:

1.

Given functional and manufacturing requirements, utilize concept generation methods within a team setting to

achieve a consensus for a product concept.

Weigh trade-offs in concept and detail design from the perspectives of function, manufacture, design effort and

available resources.

Apply basics of conservation and constitutive laws from the mechanical engineering sciences to understand the

basic nature of a posed problem.

Compile reference (e.g. catalogue, handbook and textbook) resources to formulate an analysis for specific

mechanical and mechatronic components addressed within those resources.

Make decisions regarding buy or build for individual components of a design.

Test, in a team setting or independently, the system performance and all failure modes that may be present per

the analyses conducted during the design stage.

Communicate engineering decisions, justification for those decisions, designs, manufacturing plans, and test

results in multi-media presentation and report writing.
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Course Contents (in Parts/Chapters/Sections/Weeks. Please notify name of instructor for course section(s), if

this is a team teaching or module course.)
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Introduction to Mechanical Design

e Basics about mechanical design

e Fundamental notions and approaches to design.

Understand process of mechanical design.

Understand analysis tools.

Materials

¢ Material properties

e Basic treatment methods

e Metals and non-metals

Learn to material types and mechanical
properties

Understand basic material treatment method

Kinematics & Load Analysis

e Mechanism basics

¢ Linkage motions

e Equilibrium and free-body diagrams

¢ Load analysis

Understand kinematics and degree of freedom
Learn complex linkage motion analysis method
Learn load analysis method of mechanical

structure

Failures Resulting from Static Loading

¢ Relations between strength and static loading

e Failure theories for ductile materials

e Failure Theories for Brittle Materials

Understand the importance of failure analysis.
Understand the failure theories for ductile
materials.

Understand the failure theories for brittle
materials.

Learn the selection method of failure criteria

Fatigue Failures Resulting from Variable Loading

¢ Introduction to fatigue in metals

e Fatigue-life methods

o Fatigue strength & the endurance limit

e Stress concentration and notch sensitivity

Understand the fatigue failure stages in metals
Learn the fatigue life methods

Understand Fatigue strength & the endurance

limit

Understand the Stress Concentration and Notch

Sensitivity

Gears in General

¢ Key concepts about gears

¢ Common Gears

e Force Analysis

Understand about key concepts of gears.
Learn the types of common gears.

Lear the force analysis of gears.

Spur, Helical, Bevel & Worm Gears

¢ The basic concepts and analysis theories about

Understand the analysis and design methods

for gears spur & helical gears
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spur & helical gears

e The basic concepts and analysis theories about

bevel & worm gears

Understand the analysis and design methods

for gears bevel & worm gears.

Shafts and Shaft components

e Shaft Materials

Shaft Layout

Example of Shaft Design

Shaft Components

Limits and Fits

Understand shaft geometric structures and
functions

Learn the process to design a shaft

Power Transmission Case Study

o A power transmission system design

Learn how to incorporate the details of each

component into an overall design process

Non-permanent Joints (Screws, Fasteners)

. The Mechanics of Power Screws

. Joints—Fastener/Member Stiffness

. Tension Joints—The External Load

Understand pre-tightening and anti-loosening of
threaded connections

Learn the theories about
joints—fastener/member stiffness, and tension

joints—the external load

Permanent Joints (Welding, Bonding)
e Butt and Fillet Welds

e Stresses in Welded Joints in Torsion | Bending

e The Strength of Welded Joints

Understand advantages and applications of
welding and bonding.

Learn the typical welding and bonding methods.
Understanding the stresses in welded joints in
torsion or bending, and the strength of welded

joints

Bearings, Lubrication, Brakes & Couplings

¢ Rolling-contact bearing types

¢ The purposes of an antifriction-bearing lubrication

¢ Static analysis of clutches and brakes

Know about rolling-contact bearing types.
Understand the purposes of an
antifriction-bearing lubrication
Understand the static analysis, types, and

materials of clutches and brakes

Mechanical Springs

e Types of springs

¢ Design of spring

Understand types of springs

Learn the basic theories of design springs
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Flexible Mechanical Components

¢ Different types of flexible mechanical components

Understand differences between flexible and
rigid mechanical components.

Learn the characteristics of different types of

box

2
e The characteristics of flexible mechanical fleixlbe mechanical components such as belts,
structures flat- and round-belt drives, v belts, timing belts,
roller chain, wire rope, flexible shafts.
Mechanical Design for Advanced Robotics
¢ Robot Design Process Know about advanced robotics. 5
Understand design process of robotics.
¢ Mechanical Design Considerations
Lab
Training and task
« Lab machine training Learn to operate machines in this lab 2
Four-bar linkages
Build linkage and cam structures
e Four-bar linkage
Understand the DoFs of a mechanical 6
e Mechanism principle mechanism
Project I: design and fabrication
e Machines operating Design and fabricate a prototype using
linkages. 2
¢ Mechanical design based on simple mechanisms
Learn to write mechanical design report.
and components
Project II: Manual Targeting Machine Design and fabricate a machine with higher
isi 10
¢ Design of complex mechanisms precision.
Enhance leadership and cooperation skills
Presentation & Competition Hone the presentation skills of engineering
e Engineering expression skills product. 2
Learn to evaluate and judge different
engineering approaches
« Project Ill: Shaft design Learn to design and evaluate shafts in a gear 10

Bt R B 5 %% 5 Textbook and Supplementary Readings

e Textbook: Shigley's Mechanical Engineering Design (McGraw-Hill Series in Mechanical Engineering) 10th
Edition by Richard G Budynas (Author), Keith J Nisbett (Author)
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e Supplementary Readings: Machine Design (5th Edition) 5th Edition by Robert L. Norton (Author)
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Mechanical design is a professional technical foundation course to cultivate students with mechanical design ability, is the

main course in the training program of mechanical majors. This course should focus on teaching the basic knowledge,
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basic theory and basic methods, and in the cultivation of practical ability should focus on the basic training of innovative

design ideas and comprehensive design skills.

The main task of this course is to cultivate students through the course teaching: the application of mechanical
engineering scientific knowledge; the ability to design mechanical systems, components and parts; for mechanical
engineering problems for the systematic expression, modeling, analysis and demonstration of the ability to solve; in the

mechanical engineering practice and the initial mastery of various technologies, skills and modern design tools.

L ¥ I R Learning Outcomes
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This course is intended for undergraduate students in mechanical engineering, robotics engineering, and mechanics and

aerospace, with the following learning outcomes.

1. an ability to identify, formulate, and solve complex engineering problems by applying principles of engineering,

science, and mathematics

2. an ability to apply engineering design to produce solutions that meet specified needs with consideration of

public health, safety, and welfare, as well as global, cultural, social, environmental, and economic factors

3. an ability to communicate effectively with a range of audiences

4. an ability to recognize ethical and professional responsibilities in engineering situations and make informed

12
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judgments, which must consider the impact of engineering solutions in global, economic, environmental, and

societal contexts

5. an ability to function effectively on a team whose members together provide leadership, create a collaborative

and inclusive environment, establish goals, plan tasks, and meet objectives

6. an ability to develop and conduct appropriate experimentation, analyze and interpret data, and use engineering

judgment to draw conclusions

7. an ability to acquire and apply new knowledge as needed, using appropriate learning strategies

8. an ability to integrate the use of modern computer-based engineering tools into engineering practice
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The lectures are held twice a week for 2 hours each time, in which one week is devoted to basic theory class, and the

other week is devoted to basic theory class and one exercise project class.

-Basic theory class: the core mechanical parts, combined with the content of the textbook to start teaching, divided

into eight chapters

-Exercise project class: the classroom content is combined with exercise lectures, or combined with practical

projects for group instruction

-Practical projects

o Professional industrial software operation certification: AutoDesk Fusion 360 basic, simulation online

certification

o Mechanical component design topic reports: group writing of mechanical design reports for specific

components or mechanical systems in conjunction with annual topics

Week 01: Chapter 01 - General Introduction to Mechanical Design (1), (2)

Week 02: Chapter 01 - General Introduction of Mechanical Design (3), Exercise Project Session

Week 03: Chapter 02 - Planar Linkage Mechanism (1), (2)

Week 04: Chapter 02 - Plane Linkage Mechanism (3), Exercise Project Session

14
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Week 05: Chapter 03 - Gearing Design (1), (2)

Week 06: Chapter 03 - Gearing Design (3), Exercise Project Session

Week 07: Chapter 04 - Bearing and Shaft Design (1), (2)

Week 08: Chapter 04 - Bearing and Shaft Design (3), Exercise Project Session

Week 09: Chapter 05 - Connections and Connectors (1), (2)

Week 10: Chapter 05 - Connections and Connectors (3), Exercise Project Session

Week 11: Chapter 06 - Flexible Components (1), (2)

Week 12: Chapter 06 - Flexible Components (3), Exercise Project Session

Week 13: Chapter 07 - Design of Supportting Components (1), (2)

Week 14: Chapter 07 - Design of Supportting Components (3), Exercise Project Session

Week 15: Chapter 08 — Other Topics in Machine Design (1), (2)

Week 16: Chapter 08 — Other Topics in Machine Design (3), Report Project Session

H R ESE%H Textbook and Supplementary Readings

- AR R, PR (BB=JR0 . Textbook by HUST on Mechanical Design
- e R, HUWUREE B RRD . Textbook by HUST on Mechanism Design
- EESHE WAL, HUEE T REE (355D . Textbook by Zhu Kezhen on Mechanical Design
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This Course has been approved by the following person or committee of authority
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