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@att Plasticddeformation

lattice defects

|deal lattice: no defects

Real lattice: defects

A Vacancy, interstitial atom 0D
A Dislocation 1D e
A Grainboundaries 2D i
A Precipitations 3D

A. G. Guy, Essentials of Materials SciehtmGrawHill Book W. G.Moffatt, G.W. Pearsall, and\3(ulff, The Structure 2

Company, New York976, p. 153. and Properties oMaterials, Vol. |, Structure, p. 77.



THIAT '
TITITI ALl cae@ - HiEss
iy e VY L

o Lo 2 i
MUEGYETEM 1782




Cadeaiiadm Y

lattice defects
Plastic deformation

@ att Plasticdeformation

Mechanical properties ~ plastic deformation

A hardness, toughness, yield stress
A formability

Mechanism of the plastic deformation:

A dlip of the dislocation
(slip plain and slip directign



Plasticdeformation aA___immi___a

lattice defects woEGvETEM 1762
A linear crystallographic
defector irregularity within a
crystal  structure that
containsan abrupt changein
the arrangementof atoms A
dislocation defines the

boundary between slipped
andunslippedregions
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Brightfield image of dislocations in a silicon

crystal taken at an accelerating voltage of 200 kV. 7%
(a) A black line (indicated by arrow "a") shows a§
dislocation line running parallel to the specimerf
surface.

(b) A black zigzag line (indicated by arrow "b")
exhibits a dislocation running oblique to the _
specimen surface. The zigzag contrast is createg:

by a dynamical diffraction effect.

https://www.jeol.co.jp/en/words/emterms/search_result.html?ke
word=dislocation




(ZJatt  Elasticandplasticdeformation

Elastic deformation
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Deformation of crystals occurs by slip of lattice planes, motion of
Edge dislocation

dislocations




gt Dislocatiorglide T T

MUEGYETEM 1782

N

Dislocation glide during in situ TEM straining at dO®f 304 stainless steel. Video speed is increased
8




(ZJatt  Deformation of a single crysta
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Stress (pressurg) -

Driving force for slip
Tensile stress leads tesolved shear streds
In slip system

Tp = O COS ¢ COS A

No shear stress:slip direction or slip plane Normal to
nOrmal are perpendiCL”ar slip plane
to the tensile axis

o é-ljp
direction
Maximum shear stresslip plane and slip direction
are under 45Ato the tensileaxis.
In single crystals:
Slip starts on slip system with highdstA active slip system




Deformation of

crystalline materials
f 1
0
)
< polycrystal
5 —
single crystal
t3
:, stage
o 1]
stage
stage Il
| %o . |
only one slip multiple cross
system operate ¥ Ys  slipandclimb

multiplication and

Interaction of dislocations Deformation




@a ' Deformation of

a polycrystalline materials

Alteration of the grain structure of a polycrystalline metal as a result of plastic
deformation.

1 |
100 pum 100 pm

(a) Before deformation the (b) The deformation has
grains are equiaxed. produced elongated
grains.



@att Flowcurve

MUEGYETEM 1782

The flow curve describesthe stressstrain relationshipin the region in which metal
forming takes place For most metals at room temperature, the stressstrain plot
indicatesthat asthe metal is deformed, its strengthincreaseglue to strain hardening

Thestressrequiredto continuedeformationmust be increasedo matchthis increase
in strength

Callister MaterialsScience an&ngineering7thed.
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@att Flowcurve
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flow curvesg cold deformation flow curvesg hot deformation
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(7 att Forminglimit diagram

AUsed in sheet metal forming for predicting forming
behavior of sheet metal

AA minimum of the curve exists at the intercept with the
major strain axis or close thereby, the plane strain
forming limit.

51 e - Major strain

>

€5 - Minor strain

+ crack
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Deformation axis
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Different deformation
routes
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At every point In a stressed body
there are at leastthree planes called
principal planes n, called principal
directions where the corresponding
stressvector is perpendicularto the
plang and where there are no

Failure strain

0.0

normal shear stresses The three
stressesnormal to these principal
planesare calledprincipalstresses

A
/upsetting .~ torsion _ tension
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@att Classificationtemperature

Cold working
¢ Temperature < 0.3 * melting point in deg. K
C In practice for most engineering metal this means
room temperature
¢ Work hardenings dominant

Hot working
¢ Above therecrystalizationtemperature
¢ Temperature > 0.5 (or 0.6) * melting point in deg. K
¢ Strain rate sensitivitynore important

Warm working
¢ Temperature between 0.3 and 0.5 of melting point
¢ Flow stresses somewhat less than cold working



(ZJatt Classification workpiecetype T imm;

MUEGYETEM 1782

Sheet metal forming
¢Input material sheet form
¢ Thickness changes very small
CStreses: tensile

Bulk forming
¢Input material in the form of bars, billets, etc.
¢ Thickness of material usually substantially
reduced
¢Stresgs.  compressive



@att Classificatioq

primary/ componentprocess

Primary forming processes
c¢Processes predominantly for producing
materials for further processing
cExamples are rolling, drawing, extrusion, etc.

Component producing processes
c¢Processes for producing component parts
¢Input materials produced by primary
processes
cExamples are forging, deep drawing, stretch
forming, etc.



(ZJatt  Rangeof formingprocesses

A Free forming
¢Tool does not contain the desired shape

A Two dimensional forming
c¢Point contact between tool and work material
¢ Two relative motions required to produce geometry
¢Incremental forming processes

A One dimensional forming
cLine or surface contact with work material
cOnly one relative motion required to produce
geometry

A Total forming
¢ Tool contains the desired geometry

A Process kinematics within each group differentiates the
different processes



(Z)att Forgingechniques

Cold warm and hot forging depending on the temperature
Grain fIO\T control

yeop

[‘V_‘._ Uppg[ die ’ ’/
Upper die — {
PR Flash —E':C:__z:x:
4 Lower die (stationary)

- Lewar die (station:

+ _— Wiorkpioce

(b)

Open die Closed die

+ Simple and inexpensive die + Relatively good utilization of material
+ Small quantity + Better properties than operdie
forgings
-Limited to simple shapes  + Dimensionalaccuracy
-Low production rate + High production rates
-High degree of skill required + Good reproducibility
- High die cost

_ - Not economical for small quantities



Zatt Opendie forging- stages T

" (a) forge hot billet to max diameter

” (b) fuller: tool to mark stegpocations
H (c) forge right side
H (d) reverse part, forge left side

H (e) finish (dimension control)

[source:www.scotforge.com
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(Z)att Ringforgingandrolling
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Drive Roll , Idler Roll

4 4
bt Axial
Rolls
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7 att Opendie forging



9_Open die forging.mp4
9_Open die forging.mp4
9_Open die forging.mp4
9_Ring rolling.mp4
9_Ring rolling.mp4

(7 att Closedlie forging

MUEGYETEM 1782

Die —

Blank

Die —

External and internal draft angles
| I

Flash
Parting line —
Fillet
Land ~ Parting
Corner ine
< Trim line >
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Automatlcforglngroll -for-connectingrod-forging.htmlI?RLGOODS=p46 25
165%x1200%20Cross%20Wedae%20Roll%20for%20Crankshafts%20Foraina



Forgingstepsof aconnectingrod

Trimming
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Closed die forgingtechnology s
Sequence R A G ar
1. Prepare a slug, billet, by shearing, sawing, or cutting.

(clean surfaces -g by shot blasting)

2. For hot forging, heat the workpiece in a furnace and then desce
it (wire brush, water jet, or steam)

3. For hot forging: preheat and lubricate the dies
For cold forging: lubricate the blank

4. Forge the billet in dies and in the proper sequer(géeaterial
removal (e.gflash) by trimming, machining, grinding.

5. Clean the forging and the dimensions

6. Additional operations: straightening, heat treating

/. Machining and grinding to final dimensions and specified
tolerances.

8. Inspection: external and internal defects.




MUEGYETEM 1782

P M[FM L )z
W\ )fz/ ,J

Lt:&“*f’ﬂf LA

BA A IMLIE HIGH LOwW
STRENGTH STRENGTH STRENGTH

Quality of forged parts

Surface finish/Dimensional contrdietter than casting (typically)

Stronger/tougher than cast/machined parts of same material



(7 att Closedlie forging

Closedie forging



9_Closed die forging.mp4
9_Closed die forging.mp4
9_Closed die forging.mp4

(7 att Extrusiorprocesses

Hot and cold extrusion
Forward and backward extrusion
Extrusion of other shapes

Drawing of rod and wire

Container liner
Billet

Container

https://www.alibaba.com/productdetail/Aluminum  https:/tr.pinterest.com/pin/4265
ExtrusionDie-Mould-ChinaMoulds 60169109589.htm¥5395938085457/



@att Directandindirectextrusion

Direct
extrusion
b

Die—

Extruded product r \

Contaimner

Indirect
extrusion

N
N}




@att Extrusion of a seamless tube& ="

MUEGYETEM 1782

Mandrel Container

Tube
using an internal mandrel

Billet

using a spider die




@att Aluminumextrusion

Aluminumextrusion



9_Aluminum extrusion.mp4
9_Aluminum extrusion.mp4

Impactextrusion

URESGEYSESTOESME 78802

Punch

. Stripper
Stripper
plate plate
Blank Part

Die

https://lwww.plastprintpack.fairtrademesse.com/en/Impact
Extrusionour-core-expertise,p1546107

http://www.ashfield- |
extrusion.co.uk/products/technical/
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https://bmeedu-my.sharepoint.com/personal/varbai_balazs_edu_bme_hu/Documents/BME%20ATT/1.1.%20Oktatás/Materials%20Engineering/2020/9_Impact%20extrusion.mp4
https://bmeedu-my.sharepoint.com/personal/varbai_balazs_edu_bme_hu/Documents/BME%20ATT/1.1.%20Oktatás/Materials%20Engineering/2020/9_Impact%20extrusion.mp4

Drawing

EGYETEM

The cross section of a long rod or wire is reduced or changed by
pullingit through a draw die
Land

Relief angle

Workpiece

Line
(Copper, Stainless st¢

Diamonds
Natural Diamonds

% 1 - s
Polycrystaline Diamo 6 = :

Metal powder 080T

sintered body
Stainless steel

https://www.estevesgroup.com/pros
ts/wire-drawingdies/tc-drawingdies

https://www.3betterdiamond.com/diamonematerials/wire-drawing

die/pcd_wire_drawing_die.html



(Z)att Wire drawing

ESGEYSESTOESME 78802

Drum-speed 1.
control lever

2.

3.

4.

..... 5.

....... e : 0.

Lubricant container S L = 7.

with holder for dies e 8.

Descalingmachining sanc
belt

Lubrication

WCwire drawingdies

4.6 mmA 1.3 mmafter11
dies

StoringA cooling(24 h)
Tensile torsiontetst
Straightening
Springmaking






https://bmeedu-my.sharepoint.com/personal/varbai_balazs_edu_bme_hu/Documents/BME%20ATT/1.1.%20Oktatás/Materials%20Engineering/2020/9_Wire%20drawing.mp4
https://bmeedu-my.sharepoint.com/personal/varbai_balazs_edu_bme_hu/Documents/BME%20ATT/1.1.%20Oktatás/Materials%20Engineering/2020/9_Wire%20drawing.mp4

=

Floating
mandrel

N Stationary

mandrel

11. Shipping

4
5
6.
7.
8
9
1

0.

AnnealingA softening
PicklingA cleaning lubrication
PointingA reducingdiameterfor
drawing

Drawing

. Anneling repeating

Finalannealing
Straightening
NDT:eddycurrenttesting

Cutting

Finalchecking(dimensionsquality,
etc.)
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https://bmeedu-my.sharepoint.com/personal/varbai_balazs_edu_bme_hu/Documents/BME%20ATT/1.1.%20Oktatás/Materials%20Engineering/2020/9_Tube%20drawing.mp4
https://bmeedu-my.sharepoint.com/personal/varbai_balazs_edu_bme_hu/Documents/BME%20ATT/1.1.%20Oktatás/Materials%20Engineering/2020/9_Tube%20drawing.mp4

Continuous
casting or
ingots

Rollingtechniques

Pickling and Cold strip

oiling

https://www.indiamart.com/proddetail/coldrolling-
mills-for-sheetstrip-coils6942320788.html

2

Wire and wire S .
; R

A products

S

‘
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https#ww. s€iencephoto.com/media
47084 iew/rollingasrailfat-a-steekmill




(7 att Hotrollingprocess

Equiaxed Structure (Austenite) Static Recovery

Deformation Bands

Billet/Slab
Upper

Roller

3 u Ly
el
,;.'44‘0 .°“

Recrystallized

Dynamic
Recrystallization

Roller

Deformed (pancaked)

DOI: 10.18178/ijmerr.7.2.12630
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Flatrolling
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(alsodissolvecarbides nitrides)

2. Mill scalecleansinghigh
pressurewater (160 bar)

3. Roughingmill: 220A 30 mm in
a 4highrollingmill in 5passes

4. Surfacecleansingduringthe
roughingmill process

5. VerticalrollersA width

6. Rolledupin acoilbox save
spacetemperatureequalization
~1150cC

7. Mill scaleremoval

8. Finishingnale 6 passesl.8
mm, coolingrate

9. Cooling~ 700cC
10, Colling

-
~ \‘
=N
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https://bmeedu-my.sharepoint.com/personal/varbai_balazs_edu_bme_hu/Documents/BME%20ATT/1.1.%20Oktatás/Materials%20Engineering/2020/9_Hot%20rolling.mp4
https://bmeedu-my.sharepoint.com/personal/varbai_balazs_edu_bme_hu/Documents/BME%20ATT/1.1.%20Oktatás/Materials%20Engineering/2020/9_Hot%20rolling.mp4

https://americanalloyflange.com/rolledings/

Zjatt Shapeand ringrollipg T MG

NN

J/jh SF//WWW|\r?d|a‘martco (S8 detail/hot
' rolling-mills-17279419655.ht

Edging |ldler Rounding Main roll
roll roll roll (driven)

Workpiece
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Threaded part

Rollerdies

Workpiece  Stationary
Work rest cylindrical

Force

Moving
cylindrical die




Seamless tubes and pipes by a___im.
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(7 att

Tube
Mandrel

6.

i\ Tensile 8
stress |
Q.

Void initiation

rolling
Rolls 1.

MUEGYETEM 1782

Billetiscut andheatedup to
~1250cC

Barreltype piercing Mannesmann
effect)

Finishingmill
Heatedup in aninductionfurnace

Reducingmill (stretchingfor
properoutsidediameter)

Heattreatment
Straightening

Finishingquality check
hydrostatictest, eddycurrent,
ultrasonictesting

Coating marking

10. Bundeling



(Zjatt  Seamlespipe production

Seamlesypipe production



https://bmeedu-my.sharepoint.com/personal/varbai_balazs_edu_bme_hu/Documents/BME%20ATT/1.1.%20Oktatás/Materials%20Engineering/2020/9_Seamless%20pipe%20production.mp4
https://bmeedu-my.sharepoint.com/personal/varbai_balazs_edu_bme_hu/Documents/BME%20ATT/1.1.%20Oktatás/Materials%20Engineering/2020/9_Seamless%20pipe%20production.mp4
https://bmeedu-my.sharepoint.com/personal/varbai_balazs_edu_bme_hu/Documents/BME%20ATT/1.1.%20Oktatás/Materials%20Engineering/2020/9_Seamless%20pipe%20production.mp4
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Punchingandblanking i

Parting

https://youtu.be/HBalwDv6bU



