Forming Processes :
sheping solid metesinls by plrstic deformation
w/o VV\eH"ng’.S sheet nwetd -bemi/\g) ‘Fd‘g"/\g,

extrosion, Volh‘y\g

Plosticity: ability of o wodsrial fo flow
ns o <sold wh deferioration of props.

Deformedion: veguics |ovge faras

Yield S‘l’rev\g}kz shecs which deform.
begins

Ductility: cbility to elorgote before
frrchnre

Strain Hnrdem'ng.i T n vesisbwnce
to deform. w/ les’rl'c shenip

States of Stress:

UV\W\XIO\.Q S'I'V‘CSS: SI'V\XZL normll stvess

(Yevsion [ aownpvessi()v\,)

Bim(ia& Stress: sheet wefod forming
processes where in-phme stiesses (Ux,O—y)
E><lls+,' shenr stress Txy toa . somedinces,

TV‘I‘GX I‘O& S{'VES when dl 3 nermed
stesses (Ux, Oy, 0,) are presents forging:
[extvusion

Gererrd. Parameters:

= st or vesistomee {or Je'FOIW\.

= condifions ot diff temp.

— formabilify  limits

— renchion +o ldariconts

— speed of deform, £ s offects

= speed- sovsithe poterdals reqmines
more andyy to prodwee seme results

Bulk Deformation Pracess:

invohe sl'gw' ]Cicmn-+ olmine dvmgo. of Wylcpl‘ecas
bulk:  work prrts w/ velofively low suvfrc -
to - volwwe  rertios

starting work shopes: cylindricad billets £
IrEC‘i'W\ev\lw bo\rs.

Eg. focging, volling, exhusion, & draning

Dr‘v\wiv? Op'l'l.CO& Fibers:

OP‘HCOJ Fiber: 'H/\[y\ ‘i’VUV\SPo:G«/H‘ S+Y'ovm|s
of gloss /p|ms+|'c thot Fransmit light
signals 5 +elec0VV\VV\V\V\('CU\+|'o\/\SJ wedical

moging, & indvstviod sevsiney

PfOS: Wg|ner bame‘wfdﬂm) |ower q'gon
loss, & immunity to EM interferonet

Principle :
. ||<5J\:f trovels throwngh fiber core b~/
VEJHCC'HV\% off c|t7\oldim?,3
o diff in refractive Index light veflects
bhwin. core & clmlclir\zfs
o {otek internak veflection: minimal loss.

Mav\mfmc{'vwl'ﬂqf
* vepctive gpses = irside @ oloss fube s
* heating chowicl. reoction ;
composition of inner tube chovgts;
* outer side (lower IOR): c|melu|im§.
* inner side - higher I0R;

fube pulled until inner sides comvergr
in the cenler: wiform & no holes

Totel Internml Reflection (TIR):
ocews ble of Snell’s Loaw (how light

bonds whon prssive. b, Wt w/ i
refrachve index).

simB2 w1l . vZ

sin©1 n2 vl
angle of light l/\{‘“rl'/\?, c[neldiy\g > criticl *:
insufficlont bend fo enfer cladding (slower).
= TIR. —> trops & tamsmits light

Ro”l.h?i veduces Hickness & vefires grain
structve of wednl sheets /bow stocks by
passing it throvgh vollers |

Flm'l' RO“IV\?- crendes metnl  dhget of

uariovs Haickness

Sl\qpe Ro“l'ngl.: rodue specitic shvpes
lle T-bemws ar omy!e_s

Forgl'ng.: shoping wedals by compressive fores
btwn dies.

Opeh- die ‘Fofgfﬂ?.i na closed die cavitys
shape chimges in multiple  direcdions

Closed'dl.e ‘Fofgl.ng-: use vaneJ dies
to fom speu’!cfc .s‘f/v\pes

Isothermal Forol'ngt high - temp to
improve moderial props. L redune forces

Extrusion: ednsion fraes o heated metd billed
Hvowgh @ die to creede continuouns  prafile

Direct Extrusion: rowm pushes billet
dl'/ec,Hy Hrongh, @ die.

Indirect Extrusion : contminer halds billet
L ram pushes agminst contminers battom to
exhrmde moterind.

Hydrostahic Extrusion: fnid pressure
tronsmits foree to billet, reducing friction
L onabling complex shapes

Drnwfn?

Deep Drmw(n9= sheet metal blank s
drawn over o punch inta o die conitys
req, covefnl contrall of
blonk helder force & lmlvrfcwl-l'on

cup- like shapes ;

Sheor Spfv\v\l'v\?—i a sheet pwotall disc pressed
ngalnst o vording  wamdvel & nllev +ool s creates
oxisymmetric cups, cones, & bowls 5 suitwble for thin-
welled parts w/ high deph-ta- diawmeter rohos

\L&(ro“w +ao|
|_

<
|_ \+mi|s‘rock

wondrel circvlow blonk

Tu\be Spfnnfn?Z similow- o shee spinning bt

nses tubulaw  blonks 5 c|0se/opon—eme[ec| +ubosor powts ;

hfgfr\ moterial  nilization 4 ‘U“od surfonee finish

SqugiV\gf (Kheﬂdih?)’ rednces disweter £
ncre=ses |\9‘7‘1"\« of solid /*H/\bknlw pieces
hammering [ comp. forces bhwin. dies s

improves  shvengHh & suvfoce finishes

S'I'Ve"'c,b\lln?.v ‘H/\IIV\V'\III\K oP o wetal sheet |0y
mppl‘f!'mg. levsile fores ; spedﬁ'c S‘/r/pes /ve dnea
woishd req . controll of HW\J( dimensions &
tooling peorehry.

% desp drowving punch
S retainer
press bank

:/ deep Jrnwl'mg die

A

Tu\Be/Wu're meiv\g,: cont. reduce
dimmeter & inoreose lomgthvs uses wultiple
dies w/ decreasing diameters: high strongh

L precise tolermce

S‘l‘ml{” B@V\dll/\g' D crertes  liner bonds in
sheet wednls veing loeinm( taols; veq; consider
spr;’mgbv‘ck & maerial prop.

Contawred Honging * bends sheot wedal along
A corved edge to creafe flares s shonpHemivg,
S-HF\fe/w'mg) L Joining’ pmrfsj specimliu,d +ool|'V\8' &
covetd  process controd



Indepemlevv& Vorinbles:  ospects of processes
myimeéfs/opamlor_s have direct conball over
* temp., shoin rotte, fooling geamatry, nbrication,
prodnct gearretsy.

Deperdent Vorinbles: arames o o fomming

process [infrenced by fndep. Vows, 5 op-}-imfzmmw, QC,
predicting prop’s
* fora /Po\m‘.’f corsamp., Proalmd' prop.
odit temps, surfoce firish, dipensional
pr‘cc:‘S/OM waterid fHow detnils.

Experience : +rial & erver [ can be sluw/clly,
often  lacks olmm“'f‘l'm"'l\'e doton

E’(perl' went: direct observedion of covse £
eflect veletionghips

Process Mode(ingi erbles wn|ysrs of
comp|6’)< scWVUIrlbs/ inkrmqh‘m H\Nn, VoTs .

Simulntion Techniques:

Finite Element Metiod (FEM):
vwwerr‘caU.y salves eolumh‘ms fo ovolyze

shess, stoin, & doform.

Anclyticed. Modeling :
s(mph‘ﬁecl QVVV\V‘HD’\S P predich sped'Fic
aspects of process

Computationod Flwd Dynamics (CFD):
models fhid fow behovibr (n processes

F
pw cl

bIW\k ho‘der work
\ (\?/ Amch,

heeving JL"F
sheawvi
onctiow N P\MCJ'\-

[ |
\
Die @ worlk

Essentiadl Maderial Properties (Metal Fo,w\mx):

desirable prop: low 1S, & lnfg'k ductilit
Yl‘e(:l

lower Y.S.= better -ForMmBﬂH—y.

Dunctility : cbility to clongorde befoe frrchwe
gher dndhlity = Wgler conplextty fhrpes

Strain Hovdeming: 1 in YS. wi plshic deform.

can limit -Forw\o.bilH'\/ & rey,. higher -Foymfwéf farcos

Strin Rete Sensihivity
deform. speed ©  corobnll process conbvol if sensitive

AhfSO“'fOPY: Jotrintion (n prep. J@pwdl'vg on du’vcah‘()w;

Cn oaflecd fuming  behav.

Sheet Me{uﬂ Wor kl’hg‘ steed [ aluminum [ brass
dny forming performed o wetl sheats | strips | ceids
b Wgh swrfnce oven - o - valwwe vatio of
S‘fv\V‘h‘V\S/ Wk7\+
* AKA press working [ parts cnlled s*’mW\Pir\&’S
o Uspal  tool: pmola L die

Pros: lightweight & ligh showth  weight,
formability (cmplex shopes ), st effective
(lovgt sonle prod.), goed surfnce finish
£ cecyclobility (eg, antomotive /~easpnce
Comp., . enclosures, 2 building + HVAC).

@ Bending Sheet Metal:
Factors: wadeviall props, sheet Haickness, bend
rrdine g( OV\g!L, ‘l’()oll’f\g’ selection K, S‘e‘}l/lp

@ Drawing Sheet Metal:
FWC{'D"S: WW\+9ri-‘~/( props., blowk holder foree Q<
lbricontion, 4acling design / geametry

® Sheowing Sheet Moteld:
Edge Qw»ll’ly & Bavv Cortvol: ool shrvpress,
clerronc, § mnteriak prop. 5> imperfect-shaning
—> barr
Mff\l'mfzfng' Bory: proper tool wmniptemonce
[ shovpening;  lvbricodion /cmﬁr\gs, specinlized sherving
tedhnigres (lrseromtting [ woter jet ).

P
S‘l’l‘e@k' stess which p(ﬂs‘h‘c deform . stk

* mat’s deperdence on

Moterial Behavior for OP'HM Forming fracesses

Materal’s response to force

predicting firel shope [props.,  ovaidivg: defects, emsne fimcdionlity, optimizing wrect preass [ parows.

FIOW Carve: tue stiess & shain ocaonnd for ¥ in cross—sec A, os nod defornas s
more ocoWie  Us. ergineering  shess- shrin cunes
primery inforest’  plastic region where wods behow is expressed by

0 = K" k- shevgth cne\CF,J n = strain L\W\lﬂ/\l\l'v\r erpry‘e/v\é’

Lobricotion: redwes &idion biwn ool & wokpee



