i

MEC3406 — MATERIALS
SELECTION FOR ENGINEERING
DESIGN

Mid Semester Test Summary

-«



Table of Contents

Types of Matelials e o somommrm s oy s e 0 S s T S S K8 S T 5
I e U S s s s At 3R 8 R A 5 R B R A T S S R AR 5

D N B S st P £ T 5
TR TGS s s i S S 5 S R RIS 5 S SR A 5
O I D O S T S et st e e e B S o S M B e S S 5
ST CTUIRE S v 0 00000 G 8 N 0 0 T S S S 5 S T b T B T 6 8 SN 5 s S G 5
Non-crystalline structures — amorphous StrUCTUIE..........cuuviieiii i 5

Cry StalliNE ISR CIUTS . . ot ot sl s i e B o e S B et P 5
157670 MAB(=] a1 =70 |10 o Comet {5 0 ) N 7SS S N S s 6
Face Centred CUBTCa (FEE . o i it st s i B0 B i i A 6
Material selection overall QPProach .........cooo i e 6
L Tol g =T I oo = = P — 7

YT E=Tot o] o Y =Y o S 7
Structtire; defects; defarmation; SEreNBtRENING v onmman vonmmsonammmsnsvnm mommm o e s T s o s 7
SINBIE) CIY ST aim e swmmenacnisos e s s s o T S S S B A i S S R 7
Solidification of Molten Metals s m s sosmmmirmrses sossmmsm s e Ty i T ST Vs TR 8

(€1 TL =1 | [T T =36 Lo =T ot O S S S S S SO 8
Solid SOIUTIONS: wur s rvvsmmmsmm s v rrmmesssss 05 TS oS S5 S FA S TS RSB S TSR S TR 8

ST IS AN oF 1= T T UL 1 s S S O 8

F e ST e N DTN 0 . e e T i B B o o T e S 8

DTSl OIS om0 8
Role of crystal defects in deformation...........ccuuiiiiie e e 8
Strengthening of Materials ..........euiei i et e e e e e e aeee e s 9
R U CE A S RS TZE 2 e 085 A S BT A B B o Rl S i T e S 9
Solid solution StrENGLNENING .......uvviiiee e e e e e e e nnnae s 9
Cold working — (strain hardening, work hardening) ..........cccooouiieieciiie e e 9

o ] o] = | S 9

o S T o L= Y= = 1SS 9
B = 1T 0 o - P ————— 9
TR LRV o] B o [T o L ———— 10
CoMPIEtely SOIUBIE s e mommmramm svmsmmons s wassimems s e sy o s w535 T e e e S s 10
Not completely soluble — Eutectic phase diagram .........ccuuvvviiei e e 10

B =T 1T o 10
Phase finams i omm et Oy Of U M . it e e e o A e S e S B N 10

Phaseidiagham) off SEEEls:(Fe-G @llOYS) suusm cunsnstmmsnsunsesunngisssns s uu e 58 s assHneisisns St asm st dsan 555 nasn 11



B Y o T=T o) B =] PRSPPI 11

Phase Transformations in steels; under practical conditions..........cccceveeeiiicciiiiie e, 11
B =101 0] Uo =4V 2SR 11

P AT ...t r e e et e b e e e e e e e enbe e e nnee e n e enneeea 11
BaNITE oo e e e s 12
Y= =T 0 Y = O PTPTP 12

1Y/ To] o1 ol0] « )V ZN PSP URUPPPPRPPRR 12
(@ oy Tor=] I g 1ol fo Yol o1 20N 12
Optical MICroSCOPY PreParation ... cciiiieee e ccceie e e e e ae e e e e e e sr e e ee e e sesessnraeaeeeesee e nsnnanns 12
Observing grain bOUNAArIES .........cuiiiiiiieiciieie e e e e e e ae e e e ee s nsnsaeaeeeeeeesnsnnnees 13
ObServing in Grain fEAtUIES.........uiiiii it ee e e e ee st e e e e e e e s sr e e eeeeessensnrseaeeeeeeesnsnnnees 13
Scanning Electron MicroSCOPE (SEM ) .....uuiiieiiiiiiie ettt et ee st e e ette e eeetre e e eeerbeaeeeeraeaeeans 13
Transmission Electron MicroScope (TEM) ......coiecuiiieeoiiie ettt e et e e e e e tae e e er e e e e aae e e ennees 13
Mechanical properties Q& testing . usmnmimmmimmmms i s s v s ks v s s 13
TNSIE EEST ettt et et et se e e e e et e e e e e e e e e et e enre e s neeenneesnreas 13
T LU o] o Yol Y] ESP 13
Brittle Materials .....eee it e e et s n e e e sane e 14
HAANESS ettt e et st e et e et e e e e e sh e e b e e e e e ehbe e e b ae e e e eane e e enne e neeenn e sareas 14
[ Yo [T o T TSROSO UPP PP PR 14
Brinell Rardness tESt ... cuiuiieieie ettt et e s se e e e e 14
Vickers Micro-harness teST......couui it e r e e sane e 14
ROCKWEII hardness tESt ... ..eeueiieiiieeiie ettt et r e e s se e e e e eanee e 14
Response to sudden l0ading — IMPaCT.....c.coo i e e e e e e e 14
IMPaCct resistanCe — TOUBNNESS ......ccuiiiiiiee et ee e e et e e e e e e et ae e e e e e s e ennraraeeeeees s nnranaeeeanan 14
[T oF- Lot o £ F] TP PPPPPPP R PPPPPPPIOt 14
Mechanical Properties & tESTING ....cccuuiuiiiii i ee e e e e e e e e ee e e e e e e e sanrseaeeeeeee s nsnneees 15
L = 15
T Y] 0 =] o) o] =) ¢ 15
T8 =1 677 A T (= LN ST 1] o DT 15
Secondary / Steady STAtE CrEEP....ccuicceie ettt ettt e eetae e et ae e e eeeae e e etaeeeraeeneeeenes 15
Tertiary:creep region f.ereep rUPTUNE: « s rmsswse sovmssesmsns siis s et i sisioss st sieiromss s s avmnss 15
Effect of temperature & Stress ON CrEEP ..ccivccciiiiiiie it e e et ee e e e e e e e eanran e ee e s 16
Creep parameters & design of high temperature components .........cccccvvivieeeiecciiieieee e, 16
Creep data eXtrapolation ...........uiiiiieir e e e e e e e e aeae e e eeernarees 16
(@Yol [ Toll [ Y= T 10 V-5 PSR 16

V=] =Y = 1 1S 17



AlUMINIUM GHOYS.ceiiiiie e e e er et e e e e e e e e st ar e eeaeaeeessntseaeaeeeasensnsreaeaeasanansnnrnes 17

Solid solution hardening @llOys .........ceccecciiieie e e e e e ae e e e e e ennee s 17
Precipitation Rard@NiNg .........ceoei oo e e e e et e e e e e et ae e e e e e s e nnrrnaeaeee s 17
V=4 YT 10 ] o =Y | [ 1Y 2RSS 18
Micro-galvanic effects of common ME-AlOYS .......ccoiiiieiiiiiiiiiee e e ae e 18
THANTUM @HHOYS 1.utitieieie et ee e e e ee et aeaeeeeeee st et aeaeeeaeesssnsasanaeeeaeeassnsansnneeeanennnns 18
Tt UMICOSE ISSUES couusssersnsussavernmesensms ave s ey s sy sy SR S8 S Y S SR PRSI S S8 18

[ e Yo ] [ o T - TP OPOPPPPPPRPPPPRPPIOt 18
(Lo ] g a7 Lo A, 19
Dry Corrosion (High tEMPErature ases) ........uccicuiiieeciiieeeeiiieeectte e etee e et ee e e erae e e s rae e e erae e e sannas 19
7S [U=T oL L @ o oL [0 T — 20
FOTTINS, sonssusommsssonsons suaummensvonssms sidemms s woussms svaasis s won s S8 ORI 4 SHRE0 6 S0 FORES A T E R S 0 ST S SR RS SR S TR SRS S e i 20
URIFOTTN COTOSION vesssmesssumsns svrmusmenssmsss s5remsmmsssie 58y 05 5a8ss 5y VS TH0ms s 5 08 U TR e B sw T 20
GalVanic CORTOSION s s s s isusis sssmaensssssesb sans s oas 5oss shais v ehaia s vs shsm Vs uans s s s msbie s s s 21
o E=Yotd e Yo (ol oYX =T oL =Y PRSP 22
GalVANIC COMTOSION ..ttt ettt ettt ettt sa e e s b e et e e saae e e sbseesaseeenneeenreeenee e nneesaneeennne 22
Factors effecting galvaniC COMTOSION .......ciii it e e e e ar e e ee e s 23
Prevention of Galvanic COMOSION .......cicueeiiiiieieeet ettt et sr e e e sane e 23

P rOtECTIVE COATINES. .. ittt e e e e e e e te bt e e e e eeaeaeas s s eeeeaesesennenaeeeaen 23
[WeTor | [Y=To N @feT 4 o 1Y [o] o H NN UPP T PPRPR 24
Intergranular CorroSion (IGC) .....c.uiieeeeiieie i e et ee et e et te e e et ae e e eeette e e eeetaeeeeeesteeesesaeaeeesaenaaans 24
IGC of Sensitized STAiNIEss STEEI .......iiiiii i e e 24
Weld Decay of Sensitize Stainless STEEI ... e 24
Mitigation of Sensitization of Stainless StEEl ... 24
11Ol o) o] 1 o 1=1 o= 11 LoV £3SESPR 24
CFEVICE (CONTOSION ixcxvusvumsassosss ssssnmsmsesnsiss ssssssnses s e s nsss coy oo o snyms cdFoe8s £ s e E oS £ S aV AT S ORs S S awS s 24
Pt NG COTTOSION s smsinswanwas suwamss s vunss s vu wosi s vsw 5 58 ¥ s aiss 55 98 Homine e b 54 9% H oS A B A S A S SR S S s o 24
Stress Cortosion Cracking (SCC) «.ssusuwessss cusessurauss stusssssass s stad s sats £os 5o 088 £ 55 55085 535 ¥a 88 065 a5 25
DANEENS : coumsumussmnms cvsmmsswrssis ovs suomss wusss 555 V5m o 53 o83 FH0Rs W FEEH S 553 VRS S FHH8 555 Fmo s S 00 A5 S s TR SR s Eoa 25
Deterioration in Mechanical Properties ........ccccuiuiieie e ceciieie et ee e e e e aeee e s 25
Variables affeCting SCC. xus avmmmmemsmni sovsmmmsonsin oo a5 assatsiais S5 S e atsis e S5 S s e S S o 25
Hydrogen EMDBrittIE@mMENT .......oee it ee e e e e e eten e ee e e e e s satnnaeaeeeeeeennns 26
L Ve [ Y=Y T =T o VRSP 26
Hydrogen MoleCUlarization..........ciiiieiec et e e e e et ae e e e e e e e nnrreaeeeee s 26
Polymers, Fibres and COmMPOSITES ... ...uuuiiiiiiiciiiieie e ee et ee e eeee et ee e e e e e e e saarar e ee e e e s e nnraeaeeeeeeesnnnseees 26

Y4 U (o A 1 TR 27



B 011 4T o1 = 1) 4 [PPSR 27

Thermoset & ElastOmMers. ....c.cui ittt ettt s e e st s e s sn e e e saneeeas 27
Polymer Molecular WEISNT .......cooi et e e e e e e e an e e e e e e sesannnnaeaeaeaeeannns 27
Bonding in amorphous POIYMETS ........uiiiiiie et e et ee e e e e e et ae e e e e e e e sanraeaeeeee s 27
Glass Transition tEMPEratUre ........ceiii i e e e e et e e e e e e e st aeaeaeaeeeennnneees 27
Effect of temperature on fully amorphous polymer..........ccueeeei e 27
Polystyrene; Fully amorphous POIYMET ...t ee e e aeee e s 27
o 15 o ol [T =] OO P ST UUTPUPRPRRON 28
YL OO U PP PPRTRUPPRSPION 28
Strain in thermMOPIastiCS ..uiii i e e e e e e e e e e ae e e e e rnnae s 28
Mechanical properties of POIYMErS .......cciii i e aeee e s 28
THETIMOSEES: scwusisuunsbsumusmnssvssios noss somanisssis oes suts osma8 55 somns e v3 e 95 55 s obs s w4 A B PSS S B e o e 28
EffECt OF GrOSS-IINKING . soswassc somsemmammmnnsss svsesmammsin ovsasmmsssiss o inmassssis £ am s S5 An s Seis S8 nns 28
Crystallinity in PolYMErs: i wsnmmimninn s s s s s s s ks v s e 29
Y 0 g=T oY= au Y=Y W) il e o] V7 4 11 RS 29
Polyethylene; crystalling POIYMET.........uvvi i aeee e s 29
ElastomMErs (FUDDEIS)....uuiii ettt ettt e et e et ae e e eebaeaeeesteseeeseeaesesteseanns 30
(67010 a1 o To 1 L (XSSP POPPPPTRPRRPPN 30
Y= o o G PP 30
BT 01T Y =To o] o = 1Y YRS 30
TYPES Of COMPOSITES ..t ee e e e e et te e e e e e s e st beaeeeeeee e ssataaaeeeeeeesnssnsanaeaeenan 30
ContinUOUS FIbIre COMPOSITE .....uvuiiiiiii it e e et ee e ee et e e e e e e et ar e eeeeee s nataraeaeeeeesnsnnenes 31
Natural COmMPOSItE; WOOM......ccieiie ettt er e e e e e et ae e e e e e e e eant e aeeeaeee e snranaeeeenan 31
Short fibre FeiNTOTCEMENE coussonussssasvoss cvmmmrmmassnn o s s o s s 4 S S S 4SS A 31

o ATt a o) B T o ¢ ST =T o V=3 o SR 32



Types of materials
Metal/ Alloys

- Good conductor of electricity
- Not transparent to visible light
Lustrous appearance

Strong but deformable

o Ordered and disordered arrangement of atoms
o Packing of atoms in a given volume

- Extensively used in structural applications

- E.g. steel, aluminium, copper, silver, gold, iron, brass

Polymers
- Plastics, rubbers
- Organic compounds of C, H, O & other non-metalic elements
- Low densities & flexible

Ceramics
- Compounds of metalic and non-metalic elements
- Clay, cement, glass
- Non-conductor of electricity and heat
- Resistance to high temperatures and harsh environments
- Hard & brittle

Composites
- Engineering materials made from two or more constituent materials that remain separate
and distinct on a microscope level
- Carbon fibre

Structures

Non-crystalline structures — amorphous structure
- Only localised ordered arrangement of atoms
- Only short range regular arrangement
- Pattern does not repeat itself in 3D

Crystalline structure
- Regular ordered arrangement of atoms
- Atoms situated in repeating or periodic array over large distances
o E.g.longrange order
- Pattern repeats itself in 3D

Unit cells
- Basic unit of crystal structure
- Repeated in 3D
- Displays the symmetry of crystal structures

Atomic Packing fraction (APF);

volume of atoms in unit cell
APF =

volume of unit cell



Co-ordination Number;

CN = number of nearest neighboring atoms

Metal Type Metal Type
Al FCC Mo BCC

Cr BCC Ni FCC
 Co HPC Pt FCC

Cu FCC Ag FCC
Au FCC Ti HCP
 Fe BCC Zn HCP

Body Centred Cubic: (BCC)

- Cubic unit cell
o 1 atom at centre of cube
o 1 ateach corner (+8)

- Centre atom touches each corner
o Co-ordination number

= CN=8

- Number of atoms in each unit cell
o Npec=1+g=2

- APF =0.68

Face Centred Cubic: (FCC)
- Cubic unit cell
o 1 atom at centre of each face (+6)
o 1 ateach corner (+8)
- Face centre atom touches neighbouring corners
o Co-ordination number

= CN=12
- Number of atoms in each unit cell
6 8
O NFCC = E + 5 = 4-
- APF =0.74

- Resultis more ductile
o Close packed => Planes slip

Material selection overall approach

Goal; To create products that perform their function effectively, safely, at acceptable costs.
Product analysis;

- Enables us to understand the important material properties which must be considered for
selecting the ‘best’ materials
o Processing, aesthetic, economic etc.
- Material properties limit performance

- Usually combination of properties are important Structural index
o Strength to weight ratio - % /

o Material Index- P ='f(F) X f(G) X f(M) «— Material index



Basic material properties

Property Measurement
~ General ‘
Weight | Density - p
“ Expense cost/kg
' Mechanical |
Stiffness ' Youngs Modulus — E
Strength | Elastic Limit — gy,
_ Fracture strength  Tensile strength =05
Brittleness Fracture toughness — K;,.
: Thermal
' Expansion | Expansion Coefficient — a
- Conduction Thermal Conductivity - 4
 Electrical '
Conduction Resistivity

Selection steps
1. Translate
o Customer speak to design
2. Screen
o Apply go/no-go criteria
3. Rank
o Based on material index
4. Support
o What else do you know about material
5. Function
o What is the purpose of the design?
6. Constraints
o What is fixed in design?
o What is desirable (not necessarily fixed)
7. Objective

o ldentify the attribute to be maximised/minimised

8. Free Variables
o What parameters are able to be changed

Structure, defects, deformation, strengthening

Single Crystal
- Aggregate of atoms when
o Regular/ordered arrangement of atoms
o Orientation of atoms plans repeat

Unit

: kg/m3

S/kg

' GPa

MPa

' MPa
Mpam:

CW/m K

‘ R/m

o All unit cells meet neighbouring cell without mismatch



