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# % H#% Course Objectives

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

machinery, automation and robotics.

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

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

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.

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.

Tk %X iR 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.
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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.

7. 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.)

Lecture
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BREANE HFEER EHA
Zin M
Introduction to Mechanical Design )
. , ) Understand process of mechanical
¢ Basics about mechanical design , Wang 2
: design. Honggiang
e Fundamental notions and approaches .
) Understand analysis tools.
to design.
Materials Learrr: tol mlatenal trytlpes and
o Material properties mechanica pror?e 'es . Wang 5
_ Understand basic material treatment | 51qqian
e Basic treatment methods 9qiang
method
e Metals and non-metals
Kinematics & Load Analysis Understand kinematics and degree of
. . freedom
e Mechanism basics ) ]
Linkage motions Learn complex linkage motion Wang 4
[ ] .
£ 'I'i _ d free-bodv di analysis method Honggiang
[ ) -
quitibrium ?n ree-body diagrams Learn load analysis method of
e Load analysis .
mechanical structure
Understand the importance of failure
Failures Resulting from Static Loading analysis. . .
. . Understand the failure theories for
¢ Relations between strength and static . .
loadin ductile materials. Wang 2
, g _ , _ Understand the failure theories for Honggiang
o Failure theories for ductile materials . .
Failure Theories for Britte ML brittle materials.
* Failure Theorles for btle &V 7.8 5 Learn the selection method of failure
criteria
Fatigue Failures Resulting from Variable Understand the fatigue failure stages
Loading in metals
¢ Introduction to fatigue in metals Learn the fatigue life methods
¢ Fatigue-life methods Understand Fatigue strength & the Wang 2
e Fatigue strength & the endurance endurance limit Honggqiang
limit Understand the Stress Concentration
e Stress concentration and notch and Notch Sensitivity
sensitivity
Gears in General Understand about key concepts of 5
Wang

o Key concepts about gears

gears.
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e Common Gears Learn the types of common gears. Honggiang
¢ Force Analysis Lear the force analysis of gears.
Spur, Helical, Bevel & Worm Gears Understand the analysis and .de5|gn
) , methods for gears spur & helical
¢ The basic concepts and analysis gears Wang
theories about spur & helical gears i
_ P 9 _ Understand the analysis and design Honggiang
¢ The basic concepts and analysis
] methods for gears bevel & worm
theories about bevel & worm gears
gears.
Shafts and Shaft components
¢ Shaft Materials Understand shaft geometric
¢ Shaft Layout structures and functions Wang
e Example of Shaft Design Learn the process to design a shaft Honggiang
e Shaft Components
¢ Limits and Fits
L h i h il
Power Transmission Case Study earn how to |ncorp9rate the details Wang
o , of each component into an overall Honadgian
« A power transmission system design , gqiang
design process
Non-permanent Joints (Screws, Fasteners) IUnders.tandfr:rr]e-tlgéht:nlng an(:. anti-
e The Mechanics of Power Screws oosening o r.ea © cor.m.ec ons Wang
. . Learn the theories about joints— Honagian
 Joints—Fastener/Member Stiffness . gaiang
. ) fastener/member stiffness, and
e Tension Joints—The External Load L
tension joints—the external load
Understand advantages and
Permanent Joints (Welding, Bonding) applications of welding and bonding.
e Butt and Fillet Welds Learn the typical welding and Wang
e Stresses in Welded Joints in Torsion | bonding methods. Honggiang
| Bending Understanding the stresses in
e The Strength of Welded Joints welded joints in torsion or bending,
and the strength of welded joints
Bearings, Lubrication, Brakes & Couplings Know about rolling-contact bearing
¢ Rolling-contact bearing types types.
T ] ¢ an antifriction Understand the purposes of an Wang
[ ] - .
be:ripnu TSS:;%; antinictio antifriction-bearing lubrication Honggiang
) 9 ] Understand the static analysis, types,
e Static analysis of clutches and brakes .
and materials of clutches and brakes
Mechanical Springs Understand types of springs Wang
e Types of springs Learn the basic theories of design Honggiang
¢ Design of spring springs
Understand differences between
flexible and rigid mechanical
Flexible Mechanical Components components.
o Different types of flexible mechanical Learn the characteristics of different Wang
components types of fleixlbe mechanical Honggiang

e The characteristics of flexible
mechanical structures

components such as belts, flat- and
round-belt drives, v belts, timing
belts, roller chain, wire rope, flexible
shafts.
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Mechanical Design for Advanced Robotics

Know about advanced robotics.

e Robot Design Process Understand design process of Hoiv:;gng 2
¢ Mechanical Design Considerations robotics.
Lab
Training and task Learn to operate machines in this lab ; Xiao 2
e Lab machine training Xiaochuan
Four-bar linkages Build linkage and cam structures Xiao
e Four-bar linkage Understand the DoFs of a Xiaochuan 6
e Mechanism principle mechanical mechanism
Project I: design and fabrication Design and fabricate a prototype
¢ Machines operating using linkages. Xiao 9
e Mechanical design based on simple Learn to write mechanical design Xiaochuan
mechanisms and components report.
Design and fabricate a machine with
Project 1l: Manual Targeting Machine higher precision. Xiao 10

e Design of complex mechanisms Enhance leadership and cooperation | Xiaochuan

skills
Presentation & Competition Hon.e thel presentation skills of .

e Engineering expression skills engineering product. Xi Xiao 2
Learn to evaluate and judge different iaochuan
engineering approaches

. . Learn to design and evaluate shafts Xiao
e Project Ill: Shaft design xiaochuan | 10

in a gear box

i BRI E S %% K 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)
e Supplementary Readings: Machine Design (5th Edition) 5th Edition by Robert L. Norton (Author)
BEG ASSESSMENT
PAETER PRAG B 1) HERBRSTA S B #iE
Type of Time % of final Penalty Notes
Assessment score
H{ &) Attendance 20%
WRERI
Class 0
Performance
AU 0
Quiz
P2 H Projects 30%
E‘Zlﬁ.ﬂzik 20%
Assignments
B 0
Mid-Term Test
g?j{%ﬁx 30%
Final Exam
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Final 0
Presentation
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Others (The 0
above may be
modified as
necessary)
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B2 % #t REVIEW AND APPROVAL
AFEFE LS TRENR RS HGET

This Course has been approved by the following person or committee of authority




