
yjeong@changwon.ac.kr
https://youngung.github.io

https://github.com/youngung

Orientation

창원대학교 신소재공학부

정영웅

메카트로닉스재료개론 (MFA9008)

mailto:yjeong@changwon.ac.kr
https://youngung.github.io/
https://github.com/youngung/


Internal Policy
q지각이란
Ø수업시작보다 10분초과하여늦는경우
Ø수업후지각한인원은면담후수정.

q결석이란
Ø수업시작에서 30분초과하여나타나거나, no-show

q평가
Ø출결 (10%)
v지각 (0.5 시간): 1회X 1점차감
v결석 (1.5 시간): 1회X 3점차감

Ø과제 (20%)
ØMid-term (30%)
ØFinal (40%)



q교재
ØW. Callister Jr. – 재료과학과공학
ØMaterials Science and Engineering: An Introduction

q강의자료

https://youngung.github.io/teaching/ 에서다운로드

강의자료는수시로업데이트/변경될수있습니다 (유의)

qInteractions
Ø강의중

v구두질문, 혹은포스트잇

Ø강의후
v면담

vEmail: yjeong@changwon.ac.kr
vOffice: 52-208

Internal Policy (continued)

https://youngung.github.io/teaching/
mailto:yjeong@changwon.ac.kr


Objectives of today’s lecture

qUnderstand Materials Classification
qUnderstand fundamental ’Material Properties’
qUnderstand Material Selection Process

*Metallic materials are primarily discussed
** The structures of investigation may be in various scales (micro, nano, …)



MSE: an Introduction
qProfessor Turner teaches a similar lecture using the 
same textbook but fully in English.
qThis lecture covers a wide range of topics related 
with Materials Science & Engineering.
qMore advanced lectures require the basic 
understandings on various aspects discussed in this 
lecture – I am saying that this lecture is very very 
important!



Materials Science and Engineering
qEngineering (공학이란?)
ØThe branch of science and technology concerned with the design, 

building, and use of engines, machines, and structures.

qMaterials Science (재료과학)
ØStudy the relationships between the structures and properties of 

materials.
ØStructure exist in various scales (nano-, micro-, macro)

qMaterials Engineering (재료공학)
ØDesign/engineer the structure that meets the set of desired 

properties.
ØCreate new products using existing materials / develop technique for 

processing materials



History of human tied to history of materials

*화순대곡리청동기일괄,국보제 143호

돌,노끈,나무 청동:구리+주석 Cast Iron + 목재



Materials for engineered devices/tools
qRaw materials in nature

Materials Science?
- New materials?
- Understand what determines a material property
- Develop a way to ‘improve’ it using the knowledges



qRaw materials in nature. Engineered 
materials

qEngineering devices / products are usually 
consisting of various components
ØCars made of metals, polymers …
ØMobiles phones?
ØEven hammers?
ØCombinations of various materials (why?)

qEngineered Materials constitute the world
ØVehicles, Aircrafts (transportation)
ØMobile devices (communication)
ØBridges/Buildings (Infrastructure)

Materials for engineered devices/tools



Raise your mobile device and tell me what materials you see

qCeramics
qMetals
qPolymers
qComposites
qAdvanced materials
ØSemiconductor
ØBiomaterials
ØSmart materials
ØNano-engineered materials

Image from
http://www.compoundchem.com/2014/02/19/the-chemical-elements-of-a-smartphone/



Elements



Cases of material failures

How to prevent material Failure?



Example 1: Landing gear
Materials used for aircrafts usually are lightweight metals (several types of 
aluminum alloys are most widely adapted).
However, a large portion of a landing gear is made of steels. By the way, steels 
are a lot heavier than aluminum.
Then, why do the aircraft manufacturers decide to use ‘steel’ rather than 
aluminum?



Example 2: Housing for mobile devices



Example 3: Car-body?
Dip Galvanizing MagnesiumDeLorean



Example 4: beverage container

The role of container? (Questions)

Advantages and Disadvantages? (Questions)



Materials ”Science” and Materials “Engineering”



Example: Mechanical (microstructure)

ex:  hardness vs. (micro) structure of steels
•  Properties depend on structure

Data obtained from Figs. 12.31(a) and 12.32 with 4 
wt% C composition, and from Fig. 17.8, Callister & 
Rethwisch 9e. Micrographs adapted from (a) Fig. 
12.19; (b) Fig. 11.29; (c) Fig. 12.33; and (d) Fig. 
12.21, Callister & Rethwisch 9e. (Figures 12.19, 
12.21, & 12.33 copyright 1971 by United States Steel 
Corporation. Figure 9.30 courtesy of Republic Steel 
Corporation.)

ex:  structure vs cooling rate of steel
•  Processing can change structure
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Images from wikipedia.org

Example: Mechanical (crystal structure)



Examples: Optical

Same crystal structure but 
different microstructure 
(porosity)

single crystal polycrystal:
no porosity

polycrystal:
some porosity

Aluminum Oxide



Examples: Electrical
•  Electrical Resistivity of Copper:

•  Adding �impurity� atoms to Cu increases resistivity.

•  Deforming Cu increases resistivity.

Fig. 19.8, Callister & Rethwisch 9e. 
[Adapted from: J.O. Linde, Ann Physik 5, 219 (1932); and 
C.A. Wert and R.M. Thomson, Physics of Solids, 2nd 
edition, McGraw-Hill Company, New York, 1970.]
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•  Stress & Saltwater...
-- causes cracks! 

Fig. 18.21, Callister & Rethwisch 9e. 
(from Marine Corrosion, Causes, and Prevention, 
John Wiley and Sons, Inc., 1975.)

•  Heat treatment: slows
crack speed in salt water! 

Adapted from Fig. 11.20(b), R.W. Hertzberg, "Deformation and 
Fracture Mechanics of Engineering Materials" (4th ed.), p. 505, 
John Wiley and Sons, 1996.  (Original source:  Markus O. 
Speidel, Brown Boveri Co.)
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DETERIORATIVE



What would be your future role?
qImagine that you are a team member working in a mobile phone 
manufacturing company. Your mission, as a senior material engineer, is 
to correctly choose materials to be used in a new mobile phone targeted 
to launch in year 2020.
ØWhat factors should be considered?
ØCertain performance guidelines?
ØYou are expected know what materials are available from the material suppliers

qMaterials Classifications
ØMetals
ØCeramics
ØPolymers
ØNew materials?



Types of Materials

• Metals:  
– Strong, ductile

– High thermal & electrical conductivity

– Opaque, reflective.

• Polymers/plastics: Covalent bonding à sharing of electrons

– Soft, ductile, low strength, low density

– Thermal & electrical insulators

– Optically translucent or transparent.

• Ceramics: ionic bonding (refractory) – compounds of metallic & 

non-metallic elements (oxides, carbides, nitrides, sulfides)

– Brittle, glassy, elastic

– Non-conducting (insulators)



What is a material property?
qStrength?
qDensity?
qElectric/thermal conductivity

qExample: 밀도와무게의차이

Stimuli and response



What properties matter?

qMechanical
qElectro-magnetism
qChemical
qThermal
qOptical
q…



Reading Assignment

qChapter 1 of the text book.


