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Intro

Metal Fabrication Techniques

Metal fabrication techniques

Forming operations Casting Miscellaneous
Forging Rolling  Extrusion  Drawing Sand Die  Investment Lost foam Continuous Powder Welding
metallurgy



Forming operation
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Forming operations

Rolling  Extrusion  Drawing

Forging
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= (extrusion)
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(drawing)

Tensile
force







Sand casting

B E T M= 2 AFESHL
2efl= MM 16005 74 EICE

molten metal

https://youtu.be/BjQCrL8mogw
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Investment casting

CIH|AEHE =X (lost-wax TX)
FES AL EEfAE
THE2 Bt Z017t 1 2ldt= HEje| =T H =0
HA X|1F0f| AFHE - Dental crown.

Runner Ceramic shell

Molten
metal

gating

system
Hollow
Wax patterns Flask ceramic
shell

casting

Ceramic slurry Copyright © 2008 CustomPartNet




Other casting methods

ladle—. ladle turret tundisl
Flowchart adle o 3 undish

o -t "y ' crystallizer

' - ystallizer

ramdgnetic induction stirter

ir X
iE 7-I % _I_}— bearmg guide roller
CIHAEMHE F=ZX0[ YT — lost foam
2HO| ARE|= TR -

casting; ©

compressing polyesterine - (2E|2 &2

§'| A|- %:' ) ESP - Expanded POlyStyrene | f{:(;l: ng nozzle dummy bar g n’
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Powder Metallurgy Process

Mixing

Base powder, lubricants
and alloying elements

Compacting

pressure

heat

area
contact

densification
by diffusion at
higher T

point contact
atlow T




27 Ol gl 2% FRIEME 0= 7=

Portion from Portion from
filler metal base metal
= = \
ST N
Weld metal
- 79l A ©O©O X4 e e

Arc EE: 7|‘ﬁ %E

&l (Brazing)

CCH L}

e (soldering) & CHY o &7t QULCE.

Heat affected Fused base
zone metal
O|-3- %E Workpiece 1 Workpiece 2
= CHAF L7
T HO —_I-L_I_E |- |- H ﬂ“er Taterlal From Iron Castings Handbook, C. F. Walton and T. J. Opar (Editors),
%E %(We|d|ng rod )0‘” EE 7|‘ H %H)‘” Iron Castings Society, Des Plaines, IL, 1981.
= OICH 7t 50F F L& = ArO|0f| &
ot 22 (fusion joint) & & &Lt 1. HAZO|A X2 ™st 279 2ol 24 (7| AN 29
tqél_ I:II-AH)
QXY o] X<O [ = — = O
M, 8 I A= BINT2S -, aam sl e g e T 2 Ky
=MO0| Hol= GdOo| &X|ICt ol 99 = 3. =82 8% austenite’| HE[SIH OFHIAIO|E
Aok (1 al &hC a8 (FH ..
2 (heat-affected zone, HAZ)2} L},
=SS ) s REQIFAZO| Ast2 LAY K



Annealing

Annealing: M| 25 112 (annealing temperature)0f| &HA|Zt FX|A[Z1Z A A T]
LH7+-'-}I— x|

2 20| A Annealing temperatureZ7t X| 7+

Annealing temperature 2| 74|
CrAl &2 TER| MA S| 2

Annealing € X 2| & Soll Ct&1dr €2 2147t 7| B = L.
1) residual stress relief

2) Ductility, toughness increase
3) = X‘| o|— |:||A-”__I.|.7Q Ol [eX | A‘|

tE0 LA 0 EE[= 2= Bz

1

T, 5 A0l SR B

4



Annealing

« Stress Relief: Reduce » Spheroidize (steels):
stresses resulting from: Make very soft steels for
- plastic deformation good machining. Heat just

below T, iectoiq & hold for
15-25h.

- nonuniform cooling
- phase transform

- Welding, casting /

* Full Anneal (steels):
Make soft steels for

good forming. Heat

to get 7, then furnace-cool

to obtain coarse pearlite.

Types of
Annealing

* Process Anneal:;

Negate effects of

cold working by

(recovery/
recrystallization)

* Normalize (steels): Deform
steel with large grains. Then heat
treat to allow recrystallization
and formation of smaller grains.



Fe-C _)I_él' EHEC_HJ A &3 A 0| 2t 1000
2o Chot IXa| Rk | Z/
900 \ ,—Normalizing— il
Al: ot LA 2= (lower o - Y
critical temperature) 5 sl >\ - Full annealing
= 43 N /1 v |
|_
17
A3/Acm: & F A 2= (upper 700~
critical temperature) L

600
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

Composition (wt% C)
Adapted from G. Krauss, Steels: Heat Treatment and Processing Principles, ASM
International, 1990, page 108.
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Al 1000
7|7 7HBE| 7L, 58 718 5 N V 4
Ahst AN BE 2 8] © K /E /(
EtAZ0| M8 =LY, 900 Nowmalizing—_ A
Hypo-eutectic: A; + 55 = 0| A 7 € S L
Hyper-eutectic: Ay +50 =O0|M Z7kE 5 1 >\ - Full annealing
Zf% 2 L (furnace) W2 Lt A= é - \\ I
shi deom Wh- Azt HY & L

700 A1
0| ML 2=:
Pro-eutectoid + =L H2}0|E B
oM 0| =7}siet °00 02 04 06 08 10 12 14 16

Composition (wt% C)
Adapted from G. Krauss, Steels: Heat Treatment and Processing Principles, ASM
International, 1990, page 108.



Coarse pearliteE 7
=0[7] ®lot €52

SpheroiditeE &
spheroidite= &3 0| O %

02 QK| HHEHO| T @3@"-@.,;;; 0f 9
roy oy Tof . -0 ;o
A; O|SHO| A — 7| £2] pearliteE spheroidite = f ‘°'.g°9.-"~':i'§.-"':.3.“’l".',-{i b
HHL =0 15~25A| 2 48 SN & ?‘:i';' s A
Ay 911X 7tet S 2, 52 a1 HE2 2| S R
== X 60 pm
A, 2L -r|0|'EH +50°C L_H 01|)\-| 7} I- F I_rg Fig. 12.19, Callister &
Rethwisch 9e.

(Copyright United States Steel
Corporation, 1971.)
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IS (hardenability)

A 2t5(Hardenability)= =20 =0 %

X 2|0 A SOFLl B2 martensite

s H(ZEHA)0| A=K E 7127

(hardness”| OfL|Cf1)

A83ls= AEH LR = S0{E= EOS
L0 oot B LAamas =K

A O|LCt,
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Hardenability (Jominy test)

=
Mounting fixture <_L§_>
N
"
<—— Flat ground along bar
Jominy specimen = 100 mm
- Rockwell C hardness tests
12.5 mm .
Water spray (24°C) —— 7 \V/’\‘ ———
(b)
—)I I(— 12.5 mm
(@)
Adapted from A. G. Guy, Essentials of Materials Science. Copyright 1978 by McGraw-Hill Book Company,

New York.

Eots 580t = Ald & otk

(Jominy end-quench test)
582 3Y (AYE 25 RFYOR

- Austenitization &, A|H 2| ol




Hardness, HRC
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End-quench hardenability

A

[

/D

o\
NS

/| — \ \

1 I
0 \\25 50 \
istance fr(\>m quenched end (mm)

) W e o

B350l FLH, dXe =2
quench-endOi|A] & AHE2|7HK] &2
BE 4= 7HRA =l

HA =

7
AS
/K
/@

600

400

Temperature (°C)
7

200

Hardness, HRC

Martensite Martensite and Fine
pearlite pearlite

Pearlite

Distance from quenched end

— === Cooling transformation diagram
= == == Cooling curves
HH|HHHHF Transformation during cooling

I l |
o0 | 1 10 102

103

Time (s)
Adapted from H. Boyer (Editor), Atlas of Isothermal Transformation and Cooling

Transformation Diagrams, 1977. Reproduced by permission of ASM International,
Materials Park, OH.



Hardenability comparison (alloys)

Cooling rate at 700°C (973K)
267,)8\170 70 31 18 9 56 39 28 2 °Cls

| I I I l I , I | L

\%\x\ i
DN

800

50

Percent martensite

600 [

j

C

Hardness, HRC

40 \ \ —~ 414 400+
B 8640 . -
30 \ \ 5140\ 200 : \\ %é;ié)a;))
% 10 %0 3|o 40 50 mm Q|0'1 10 103 105 Time (S)

Distance\from quenched end
Adapted from figure furnished court s< Republic Steel Corporation.

\
\
\

“ Plain-low carbon steel




Hardenability comparison (CC)

Cooling rate at 700°C (973K)

270 \ 170 70 31 18 9 5.6 3.9 2.8 2 °Cls
[ | [ | [
60 — -
P 8660 |
(0.6 Wt% C)
50 |—
O
ey
= |
.
o
[ o= A S
5 4D 8640
- (0.4 wt% C)
30— 8630 .
(0.2 wt% C)
20 | | | |
0 10 20 30 40 50 mm

Distance from quenched end
Adapted from figure furnished courtesy Republic Steel Corporation.

o =& O| 'c'5|- 7t
E - OTrI (=] o=
CHA S 2 (86xx) Ct=

=FO| carbon contentO]|
2 ZetX| =
hardenabilityS 2 0| =LC}.

820l 58 2

hardenability = O} 2/ CF.



Variance in Hardenability
x. OHH O 7Lt Y= 3 batch of bread) Oi| A{ 24 AHE|

o batch (20| d4tE|= St
Mzt ofHete 24 J -2'5-5 AtO|, 28 & 37| X0] S0 7 2I5t= variance
EXH oLt E=ts OO B = OHEH7HA],

Cooling rate at 700°C (973K)
270 170 70 31 18 9 5.6 3.9 2.8

N I T R L BN RN DL

60

8640 alloy2]| 0f

Hardness, HRC

xxxxH = xxxx& 2| Hardenability 7} xxxxZ& O A
7|t k| = variance LHO[ A X &= 2|0O].

20 | | | |
0 10 20 30 40 50 mm
Distance from quenched end
Adapted from figure furnished courtesy Republic Steel Corporation.




Hardenability; quenchant, specimen geometry

Types of quenchants:

=, 71§, &7

Severity of quench:
=>7|8>87| (edHel nel SEEE 50| d2)

AusteniteE =1} 7| 2 AFE5H0] quench; &5 7|2| % pearlite 44,

Cooling rate at 700°C (973K) Cooling rate at 700°C (973K)
170 70 31 18 9 5.6 3.9°C/s 100 170 70 31 18 9 5.6 3.9°C/s

100

~
(&)
!

75

Diameter of bar (mm)
o
o
Diameter of bar (mm)
o
o
|

25

0 1 | | | l 0 | | |
0 10 30 mm 0 10 20 30 mm

Equivalent distance from quenched end Equivalent distance from quenched end
(@) (b)

Adapted from Metals Handbook: Properties and Selection: Irons and Steels, Vol. 1, 9th edition, B. Bardes (Editor), 1978.
Reproduced by permission of ASM International, Materials Park, OH.
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Precipitation hardening

Precipitate: A== (A &4

Precipitation hardening: (OFF= O| M|} 11 # &oh M=== AFE St Bt

® S /Matrix phase
/

o ©® e
o o

Precipitation ‘4 = A:

1. Solutes can be dissolved into matrix forming solid solution.
2. The solubility limit of solute should be ‘drastically’ decreasing as temperature
decreases

Precipitates

Courtesy of G. H. Narayanan and A. G. Miller, Boeing Commercial Airplane Company.



Precipitation hardening

« Particles impede dislocation motion.

« Ex: Al-Cu system
* Procedure:
-- Pt A: solution heat
treatment

-- [GeBuamatidcsolation)n temp.

-- Pt C: reheat to nucleate
small 6 particles within
o phase.

(retain metastable « solid solution%OO
300

« Other alloys that precipitation

harden: 1oy
« Cu-Be 1
e Cu-Sn
« Mg-Al

Adapted from Fig.

PtC

700
T(°C)
600

500

(AI)O:B“O 20 30 40 50

- y wt% Cu
€ Composition range
‘available for precipitation hardening

Fig. 17.18, Callister & Rethwisch 9e.
(Adapted from J.L. Murray, International
Metals Review 30, p.5, 1985. Reprinted by
permission of ASM International.)

(precipitate 6)
I »[ime

17.16, Callister &
Rethwisch 9e.

Pt B



Over aging

Precipitation hardening2| 2 &: age hardening (A2 42}

Overaging

Strength or hardness

Logarithm of aging time

Solvent (Al) atom Solute (Cu)

0" Phase particle 0 Phase particle

Pt ettt s
=:g°g°g°g.g.g'g°g'= ogog.
e
TSRy Soes
esssssssoogmedtl
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