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4 B A ¥ (Metallic Materials)
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A B AR
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AP B4
] 24K (Solid solution): A~4&-2H 7T 18] VA R ) b4 48 2 iRATH A%,
AR 5 X —HTAE MR MG EE

E #: E 54K (Replaceable solid solution)
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8] IR B) 254K (Interstitial solid solution)
2 & a4 A-% (Intermetallics): A-228 7048 ZAE A 7 A 89 B
A B TARAF G AR g A A R 3.
EFNAEY . wTEY. B, B RAESY
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Metallic Materials —

— 2 &4 & (Ferrous Metals)

— A& &4 /&(Nonferrous Metals)

—— 4¥%4 /& (Special Metals)
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THE PERIODIC TABLE

olumns: Similar Valence Structure

1e
@)

2e
t gases

ive up

()]
v
°
Metal )
(&)
(@)

1ner

Jgive up

) Ky :
|'_| g:: ff:n“‘b':l““""’ Nonmetal

'..3: CE-L SR . IIEm |-.:n ';n'-l. ran m'. .l:lne
Li Intermediates | = | u - INe
Ll | Be wstt | o1t | ooz | 1O o fieF sff;

11 12 13 12 5 T3 7 =

Vil al 5i P
1Na, _Mg_ we) WBE VB ViB  WiE . N B g | 26002 | saes| 0ol |5 A EC|- 3A[
] 0 T 2 25 24 5 % ) T = T ET) 12 7] ET) 15 F
| v ar Min Fa Cao " Cu &n o it A 5
if..Ku: QE e | 4700 | S0542 | 51005 | s038 | sseer | semas | sa71 | Gase | esar | envz | slise | sdeas Br 5_r
Y, W 0 30 2 T ] T = T g T T &0 5L G2 0 54
£r ME o Ic He Eh Fd By zd ] an =] :

Bﬂp mS.:E Bowld | 0022 | 2ol | osoe | qem | 1ovo7 | vozed | 1064 | lo7er | 1e2ao | tiess | 1iess | 12es | m'n .?S_e_
Er = | pam | 72 75 73 75 T iF] 76 % B0 El Bz = T} 25 BS
CsiIBal cth | =i Ta W ae | o= r Pt Au | wg 1 Ph Bi " |AtIRnNn
Pazsn fusess | series | 17240 | 1e00s | 1s3es | ees | 1002 | woEs | 10500 | tesor | 20050 | 2oear | oe1e | aoeos vamiry [t
o L2 h:tl-

Fr JRa| nide

12251 | c2I5lgl SOTiES

Electropositive elements: Readily Electronegative elements: Readily

give up electrons to become +ions. acquire electrons to become - ions.
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+ Cast iron (%54X) 22%<C<4%
Carbon steel (8% 4R)

v
F

Ferrous Metals < Steel (48) 2-C 0.04% - 2%{

Alloy steel (&~&4)

\ lron (#£4%) 2 C <0.04 %

Mek: EAREA2E0990% 1A E

SHEAE, BE. BEAK, {LEEEK



B et Bak

( Heavy metal (£4/&) Cu. Pb. Zn. Ni
80@ Light metal (22/%&) Al. Mg. Ti
£y < Noble metal Gt4£ /&) Au. Ag. Pt
_ Rare metal (#%#& &/&) W. Mo. U. Ta. #L 45
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(3) & BAtAt /1 5 M6

The four types of stresses

Tensile Compressive Shear Torsion




Mechanical properties of metallic materials
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Mechanical properties of metallic materials

A\

R B (Stiffness): SR AAE R T AHFH&LR MR T 68 7).
MMAEE: E=0/¢

5% JZ (Strength): #HAERTVER THRABHE T R4

R IR K Fe T .

BIRIBRE: R THME AR EREHGIS Psxo

WFERE: o0,=P,/F, BRIl @RLEIRZER
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Mechanical properties of metallic materials

# W (Plasticity): SMAM%A T, A LRTHEHK
ANE LTS da TS A IR fig

#HE(Ductility): AR T 2] B R a3 42 RK
e ZhFe ).

B K,




Mechanical properties of metallic materials
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Mechanical properties of metallic materials

I % 5% J (Fatigue strength): #HHH&R X E R AR T
T ZLAR IR )

B 77 MR (Fatigue limit): ##+2 LR H B fm R R
% % o7 B AL iR B M A

B2 (Hardness): AH#HER @ L& MARAFKILE
T RARIL A B
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Mechanical properties of metallic materials
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Development of a neck
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How to increase the strength of metallic materials?
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3.2 B&4E

454k (Pure iron) |
( Ikﬁi/'\é} (Fe-C alloy

XX 3

224 (Alloy steel)

e

#4% (Cast iron)
\. TFA

Loy

i
Tt

Y



< 26.5% (Fe)
¥ rmi: 1538°C
FRF. 7.87g/cm3
YA ) 4
5% BE IS

E(|H
2| ®

AR R BRI

B
TTTTKTT 1538 °C
I 1394 °C
Fi
P
912 °C
-—X-—- 770°C
F
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¥ __ 0T
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>~ 6 -Fe {&.L37FBCC
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. v -Fe M.OALJTFCC
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> a-Fe {A03LJ7BCC




+ REARF (Ferrite) : BRIET a—4kF #918) FR B 54K, BCC4E
M, PR 5 SEERARAL, M. AT,

2 BKARA (Austenite) : BIET y -4k F &9 18] g B is4K, FCC
sEH), HMSF, ORI,

w BB Fe,C (Cementite) : k5 ERKM A éq 18] IS4
Fe,C, EXantk, BES, MHRK,

2 iﬁl’i%ﬁ\P (Pearlite): &k ZERFBmmikAg1E] &hnth B KK
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Fe and Fe-based alloys

BRI B2 T R F TS X,
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%4k (Cast iron)

A .

Si. Mn. S. P%.
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(LAERFEK AR
ok miks  TEEE | REBS4H RR
G rey cast Iron w4454k K
rmAe S BARE UEEH%K MR

& Y 1454k White cast iron
BBAK, ARE

& /1 454% Mottled cast iron
BRI BB %
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AR K

BB B G R
1&AEAR C: <0.25%
P ER4AR C:0.25%<C<0. 6%
=AM C: > 0. 6%

SREMT, BE. BREMK, 2B HEK
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HII BH K (R FEIIEF )

o LB EAN S<0.055%, P<0.045%
wARTE AR EAR S<0.040%, P<0.040%
o HEARFEEEAN S<0.030%, P<0.035%
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BANGG 5 5 A &

L@ FLMAN: Q195. Q215. Q235. Q255. Q275%.
B F R T RARE R IR

| Q195. Q215. Q285 WHAF, TEHRANK. WA, MEF.
Q255. Q2757 #L4| A 4R, 4N F.

IR B E LM AR5 AR TR T 53k T .
4220*. 45% %,
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B TN MTARG R R ToEET, FEMAAT,
%= T9. T12%. T9%+4C: 0.9% (F4X9).

Rz TEZATHRESHTEL. 2H. BLF

4R MT RN RS kT, EIAUZG.
dv 72G25, & F4C: 0.25%.
it FTEATHEHRRILATE—TRE. &
MEFe P 6 B, deii. BRI B,
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A-%2-4R Alloy steel

BN N —FF R % o
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A &4 (Alloy steel).,
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YR B R i &
Bl f—— M ZRIBERS.
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o 45 M AN &) AL )

LKA

o 03454W (16Mn) 224 45,

FTHsAE. R, £8HFX
R ERLEM)

o 03904R4-V. Ti. Nb, 3&RAE
S, ATPFEHNGRE.

o Q460494 Mo. B, BE S, A
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IRt EE 4R
Frilfﬁéli]SStainless Steel)

FE K A A — BB AR HEANR T B AR & W Ao 6 4R

A E

P ZA R ARV TAE SRR R B AU Ak ) 09 R
R LA
JZATAEM. LT, RTR. BEFL. BHA—
£ 5030 BARATI.
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R 5 FARE AR AL
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3.3 &4 B R AA

Nonferrous Metals & AlloyS ===y,
Al and Al alloy

Tiand Ti alloy
Cu and Cu alloy

Mg and Mg alloy

A a2 BARASLEMEMHEAI, BAFS %
PEEE, IR TAAFE P RV 6 E 844,
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3.3.1 Al and Al alloy

Characteristics

1. BHEAK, HWERE S
shiat B ERA L. Tg/cm3

2. BHFegS k. SHIABILEREES
3. BIFegm T, 45k, BMA TR
4. ERAYF HERET RALO, IR

Loy

Melting point: 660°C
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Pure Al %48 4-FFe. Si. InF i, &M T,
2 AR o6 J i®
= 445 99.93%-99.99% | FHFAR. FHERR
Tk & sh4E 98. 85%-99. 9% 4aih. et
T b 248 98. 0%—99. 0% | &&. wi. RELEL

thdB IR EIRIK, TR M pa m— 4204
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e
Function of alloying Good machinability with

elements Improved strength
® r B ik
g | A
6 7R IR A
%]
i - 43 gk 5%k
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Classification of Al alloy

)22 iR
B A
Zgif,\,\i aut . 438,
T 45 A4 D wmmss ||| BEEEMF
(Transformed Al alloy) 2 4e A A
v b
—Qi Z AL
ik baiod ALSIZO® | g MRt
(Ca;tTn Al alloy) ' Al-Cug & beph &
= ’ Al-Mg A &%
Al-InZ& &%
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78 4544 (Duralumin alloy):
Al — Cu — Mg @ iL R 2iR1L
RESELRE, (ARG,

#BEE 45442 (Super
duralumin alloy):
Al — Zn — Mg — Cu
{8 I B BUIR AT AR 89 B2 AL
A, 4R | R G0 E
JE A TR LH%&&EO

RALEAEKLE
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#4544 (Wrought Al alloy) :
Al-Mg-Si-Cu B A RAFeH B M, BT
B A LR RR 545640 FHEE.
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3.3.2 Cu and Cu alloy

Copper

» /T E: 63.54
o BE. 8,92 g/cm?
e 1083C

» BFEI.

312

s



Pure Cu

AR E, XMREE. 28 TH4E
W, IR B ek A4, Tk sh4R 4 4FF:
T1. T2. T3. T4. FAK, 25EAIK.

ShARI G IR AR, B AR LA AT
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Properties of Cu and Cu alloys

+ Good physical and chemical properties: %, F#M48
. WM. WFREMEER. RGN S,

% Good machinability: & %4 ¥ F, 4EHeesF, 517
#F. THEME, ERMEE,

< Special mechanical properties: 4otk B &9 8 B P4 Fe e B
M, SE9REMARIRAR 7%, FUIKIRE K.

o BIFEEN.



Classification of Cu alloy

AP ANSETLEE, TREEGEWIRE,
FHRF RIFEIm L }i AG .

B iy AINA ERES BT RIFH I TR,
(Brass)  * 4R RAHEIEE, B IR AT,

AR oy, ASNH RO AE, ATFHEHRL

El) Ze by RAE, FoR AR 4RI

£ e romck.r, ANi. MnA 226484 F. LA RIFHE
P BB, SRBATAMTER, FE kg

BAF

B2 o>
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T35 4R AL
o AR H9(
’: ;ﬁm 170 ( H68 )
El)jﬂb:%‘éﬂ 162 ( H59 )




4. QAR R

o FAA T B R AVERARAT . B REeG RAE, e L
MEER . K. HE.

o OAREA S IuikEFe R B Hm TR,
FALBMEK, LIHREETF BT 09 £ A0

&, A 1% A
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AL R W EME PUREIE
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http://www.rich8.com/8/shop/splistnr.php?wdid=chenzhenxi&biao=3&ProductID=50&PartID=25&PID=25
http://www.rich8.com/8/shop/tpmax.php?max=chenzhenxi/84507.jpg&yhsptp=gif
http://www.rich8.com/8/shop/splistnr.php?wdid=chenzhenxi&biao=3&ProductID=47&PartID=22&PID=22
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AEKIEIETEZ, 552 FERIE-FEEEHLE AR
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3.3.3 Tiand Ti alloy

Titanium

éﬁ’eéé HREAK (4. 5g/cmd, tb4E8 5 ) ; BES
(1668°C) , KIS ARE ).

F R E

LAk MAT, BED, TUAMIRELFE Y.
RERA, B BB 450 o A

Crystal structure

<882.5C: HCP, a - Ti
>882.5C: BCC, B - Ti



Properties

Low density, high specific strength 4k-&-& % 3% & *T
5 554 £

Capability of working at high and low temperatures
3 64K A4 48 £450-600°C #2-250°C T K T 4%;

Anticorrosion A AR¥F &gt 3E K . MK AANBR S 4k
9 B8

Difficult in machining, high cost

Diz40%



Classification of Ti alloy

sk imda. B, HBifFa -Ticse. HiRER

_ AL

o~ AREE - %8 (500 -600E) BEMRS.
fE. ST . FEMGE BT,

B —4kA4 wmmp 4k¥Auia. . AR, FIFB -TisE.
;tgijil’.)a /c"/i riﬂb ’ ﬂ‘—].ﬁ d‘*}%’k
Fa b R AF R

;[\—‘fé'riﬁa g%%&ﬁ%—\ E}éﬁp}d’}ia —ﬁ]‘
i 1t B m Ao i AT, B
BRI E50% —100%.

a+ p -4KEe =
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FE (g/cm3) 4.5 4.1~4. 7 3. 7~3.9 8.3
EEivHEE (MPa) | 480~1200 800~1140 450~700 —
SEEMRMEE 0Pa) | 380~1150 T00~990 400~630 —
ERPHEE (GPa) 96~115 120~145 160~1T6 206
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2+ Ti-6Al-4V
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3.3.4 Mg and Mg alloy

Magnesium

Low density, high specific strength 25484 5% &
RA1.749g/cm’, AXA4ke91/4. 48892/3.

Low electrode potential Fu/& 4k 48 £ .

HCP structure B LM hH £.

Diz40%



Properties

Low specific weight: T Jk F #14+ F s 22 = A4+
(42492/3% )

High specific strength: 4& T 4R A=4a
Shock absorbency: =T /& 3 fe R A FH4E 0 A
Good machinability, Impact-resistent

Regeneration: # #|F 3REMAL

Diz40%



Mg alloy
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(Transformed Mg alloy)

A

(Casting Mg alloy)

A &

D 54 AAR M

D H ke

24 %



3.3.5 FAR A0 M 482K (Bearing alloy)

o EIVEBE THRBHIERE FR FPIRE, VARSI
BT,

o B RAGB M Fadptt, DRIEL $hELA BIF AR T fe
R,

o BEAKON, FRRFFAEBET D, AR XTI ER.

o B IGAR R Bfe RIT 69 ot AndT ik, AR L4 R
5 35 A BB R R A RE, HIRSIB I H IRk,
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3.3.6 Noble Metal

8Af: 2. k. 48. ££. 4. R, K. 47
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Properties
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