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Shaping & Forming

Metal products in desired shape.
Plasticity

Ductility (%EL?)
Ceramics, Metals, Composites

How could we manufacture an item in desired shape made of a certain kind of
material?
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27t 7t& (additive manufacturing) — 3D printer
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Q. AFE A (injecting molding)?

Q. 3D print?

Q. CHFSH 7HE 0| EXYBH= 0| f-£7
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https://youtu.be/O7U4HWjYcqo

A= A (injection molding)

Injection molding
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nozzle — charge
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https://youtu.be/y1Zhpdx-XtA ejector pins




Additive manufacturing (3D print)

o

B —

The plastic tools above were printed with the Made In Space 3D
printer and are representative of tools used by the space station crew.

Astronauts who pioneer the solar system and Mars will use additive
manufacturing to print 3D supplies such as tools and equipment.

Q: 2f NASA= 3D printer 8 0f| 2tM O] R/LZ77}? Why does NASA study 3D printing technology?

https://youtu.be/FqQAjkZOBeY
https://www.nasa.gov/sites/default/files/files/3D_Printing-v3.pdf
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M=o = 71l ®St= HEZ 7155t= Mz B A
manufacturmg process in which external load is applied to
the material to achieve the desired shape.

Advantages:
M=Z2| &40 H2| STt (no big loss of material) - A4t 7t&
(machmmg)J_f H| 1! (Machine shop - BA& 715 4)

Additive manufacturing®| Al B A 7+& # 2 subtractive manufacturing2 £
Q7| & SHC}

SUASI N ES ‘OO Z MASEZ| 0| Mgt (adequate for
mass productlon)
== (casting)Of| H| &} X[= H& =7t =L}

o Ad 7tSHHE
Tt (forging), & S (rolling), @12 (drawing), &= (extrusion),
I X (press)/tS

Q1. 224 0|2k What is plasticity?
Q2. Et’/d 0| 2t? What is elasticity?

Q3. 2d7r&2| B2

htt

lasvegasmachineandfab.com reC|5|on machlnm -las- -vegas



http://lasvegasmachineandfab.com/precision-machining-las-vegas/

7| HA =4
L= —1 o |
Q. 7| A™ =4 0|2 (K=, Ht3 ALO|e| HZ 11 2|)
=] = = = HF HH
Q71N 240 B2, J8|0 £ e
=PeR=1 St & O o] Ol
Q. 7| AA 242 LIEILY 7|0 Hetot = 2| 20| ALt
AM TpD — PR A S &= 5 ==
A 7SS0 e 223 el HY Bt A= (2l HYEES| AHZA L 2|) 55
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https://ko.wikipedia.org/wiki/%EB%AC%BC%EB%A6%AC%ED%95%99
https://ko.wikipedia.org/wiki/%EC%96%91_(%ED%81%AC%EA%B8%B0)
https://ko.wikipedia.org/wiki/%EC%88%AB%EC%9E%90
https://ko.wikipedia.org/w/index.php?title=%EB%AC%BC%EB%A6%AC_%EB%8B%A8%EC%9C%84&action=edit&redlink=1
https://ko.wikipedia.org/wiki/SI_%EB%8B%A8%EC%9C%84%EA%B3%84
https://ko.wikipedia.org/wiki/%EB%8B%A8%EC%9C%84
https://ko.wikipedia.org/wiki/%EA%B3%B1
https://ko.wikipedia.org/wiki/%EC%B8%A1%EC%A0%95
https://ko.wikipedia.org/wiki/%EA%B8%B8%EC%9D%B4
https://ko.wikipedia.org/wiki/%EB%A9%B4%EC%A0%81
https://ko.wikipedia.org/wiki/%EC%B2%B4%EC%A0%81
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https://ko.wikipedia.org/wiki/%EC%97%B4%ED%8C%BD%EC%B0%BD
https://ko.wikipedia.org/wiki/%EB%8C%80%EA%B8%B0%EC%95%95
https://ko.wikipedia.org/wiki/%EC%A7%84%EA%B3%B5
https://ko.wikipedia.org/wiki/%EC%88%98%EC%9D%80
https://ko.wikipedia.org/wiki/%EB%AC%BC
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Side w :II ;
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surface

631915
\ 623381
Lower surface 187
606313
se7.379
580245 [ l
S80711
sS12.417
563643
555109
S46575 .

Grain size, CRSS
control,
crystallographic
texture, single
crystal structure,
dislocation density

Chang et al., Applied Thermal Engineering 99, 25, 2016 p419-428
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dstran_el(:) = dstran(:)
dstress(:) = stress(:) - stress_ns(0,:)
else | plastic
if (idiaw) then
(idia, 'PLASTIC")
(idia)

i. Return mapping

Return mapping subroutine updates stress/statev
if (idiaw) then
call (idia,’ for state variable before RM')
aux1(:)=stran_el_ns(1
aux2(:)=stran_pl_ns(1,:
aux3(:)=yldp_ns(1,:)
call (0,statev,nstatv, eeq_ns(1),aux1,aux2,
ntens,aux3,nyldp, .true.,idia, .false.,kinc,noel,npt,
time(1),stress)

FE forming
~ sim_ula'tiop

iyld_law,iyld_num_calc,yldc,nyldc,yldp_ns,nyldp,stress,
deeq,dstran_pl,dstran_el, statev,nstatv,ddsdde, failnr,kinc, \
$ noel,npt, time) 4
if (idiaw) call (idia,"** Exit re pping **'

c$$  Exit UMAT if NR routine tried in return_mapping failed.

if (idiaw) call e ng **')
call N 5(0),eeq_ns(@),dphi_n,dstran,
aux2,aux4,ntens,idiaw,idia,hrdp,nhrdp,hrdc,nhrdc,ihrd_law,

- N C=E WE WA ST
ety 24 - Macro 7| A= (%|: R-value, Yield stress ...)

(Phen. Model)

A

=
- Micro 7| A2 (0: slip/twin system, texture ...)

. MOMoz w2 Ma

- - -




Microstructural parameters, Properties

Properties
Strength
Toughness
Conductivity
Corrosion Resistance
Piezoelectric strain
Dielectric constant
Magnetic Permeability
Formability

Microstructural
Parameters

Grain size

Grain shape

Phase structure

Composite structure

Chemical composition (alloying)
Crystal structure

Defect structure (e.g. porosity)



Microstructural parameters, Properties

Yes, when we study the plasticity of metals, we now should consider the
microstructure of the material of interest

Q. What is microstructure?
A. Microstructure = internal structure

Biology was revolutionized when Leeuwenhoek
and others started to use microscopes to look
at the internal structure of plants. They were
able to relate many characteristics of plants to
their cell structure, for example.

Similarly, Sorby" was one of the first to make
cross-sections of materials such as iron and
examine them in the microscope, so that he
could relate properties to structure.

* http://www.ucmp.berkeley.edu/history/leeuwenhoek.html
T http://www.shu.ac.uk/sorby/hcsorby.shtml



http://www.ucmp.berkeley.edu/history/leeuwenhoek.html
http://www.shu.ac.uk/sorby/hcsorby.shtml

What is microstructure?

Microstructure originally meant the structure inside a material that could be
observed with the aid of a microscope.

In contrast to the crystals that make up materials, which can be approximated as
collections of atoms in specific packing arrangements (crystal structure),
microstructure is the collection of defects in the material.

What defects are we interested in?
Interfaces (both grain boundaries and interphase boundaries)

dislocations (and other line defects)
and point defects.

Since the invention of prefixes for units, the micrometer (1 um) happens to
correspond to the wavelength of light. Light, obviously is used to form images in a
light/optical microscope. Thus microstructure has come to be accepted as those

elements of structure with length scale of order 1 um.



It you look ‘inside’

N

Fe-C-X; Hypoeutectic white Al 67wt% Cu 33wt%, Al 96wt% Cu 4wt%
cast iron Eutectic alloy Precipitates



structure)

If you look ‘inside’ (crystal




It you look ‘inside’ (crystal structure)

HCP is more ‘anisotropic’ than cubic structures.

c (ooon (O110)
Basal SN m—{ / ' Prism
(0002)<2-1-10> B / / {0-110}2-1-10>
[N / \ Also:
i s, >, (2-1-10)
Pyramidal (c+a) S - \:E Pyramidal
(10-11)<1-213> :\\ § (10-12)
Pyramidal (a) g N %
(10-11)<1-210> g i ATNEES
a (o) ay (0112)

FIG. IV-5—Some important planes in the hcp system and their Miller-Bravais indices.

Berquist & Burke: Zr alloys



Slip systems

The slip systems for FCC, BCC and hexagonal crystals are:

Number of

Metals Slip Plane Slip Direction Slip Svstems
Face-Centered Cubic

Cu, Al Ni, Ag, Au {111} (110) 12
Body-Centered Cubic

a-Fe, W, Mo {110} (111} 12

a-Fe, W {211} (111} 12

a-Fe, K {321} (111) 24

Hexagonal Close-Packed

Cd, Zn, Mg, Ti, Be {0001} (1120) 3

Ti, Mg, Zr {1010} (1120) 3

Ti, Mg {1011} (1120) 6

Also: Pyramidal (c+a) (10-11) <1-213>

Note: In the case of FCC crystals we can see in the table that there are 12 slip
systems. However if forward and reverse systems are treated as

independent, there are then 24 slip systems.
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It you look ‘inside’” (multiphase)

Modern steels are often multiphase alloys

Martensite Ferrite ferrite martensite

e
oy S
g S -

-~

N y d
- 1lum JEOL 3/14/2017
x3,000 15.0kV LED SEM WD 11.2mm 13:12:47




Important microstructural features

Examples of quantitative microstructural parameters:
Grain size
Void fraction
Aspect ratio of second phase particles or grains
Crystal orientation distribution (crystallographic texture)




Anisotropy

All crystal structure is intrinsically anisotropic.

Q: Should polycrystalline materials consisting of many crystals anisotropic?

Q: If not, what makes polycrystal material anisotropic?




Plastic anisotropy

Figure shows
example of a cup that
has been deep drawn.
The plastic
anisotropy of the
aluminum sheet
resulted in non-
uniform deformation
and “ears.”

Randle, Engler, p.340



Grain orientation

Undeformed 30% strain

Blue cubes denote unit cells
representative of the pertaining grain
bounded by gray lines (Q. What is the
gray lines here?)

MOl 7HE. 7|F (reference) o 5
Q. ¢l inverse pole figure2| orientation= color-
map2 E HEAEICEH AFEE 7|&E2 FALTR

T T A2

*H Wang, Y Jeong, B Clausen, Y Liu, RJ McCabe, F Barlat, CN Tome, MSEA 649, 2016



Recap

How can we determine mechanical properties?
Stimulus and Response

Pros and cons of metal forming
How polycrystalline material can be ‘isotropic’?

What is crystallographic texture?

What is inverse pole figure and pole figure?

Can we have a type of new material that is best for everything? If not, why?
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