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Shaping & Forming

Forming products




Al IS

http://lasvegasmachineandfab.com/precision-machining-las-vegas
N 3 ;

M=o 2le 7hsl Ydl= HERZ 7HESH= J =4, ¥
Advantages:

T E | 2410] 0| QT =AF 72 (machining) T}

H|

Additive manufacturing®| Al B & 71E H 2 subtractive
manufacturing2 £ Y7 7| = Bt

— T O ¢ ) — b
st ME= CiEro = M52 | 0 Met

= (casting) Ol B[Sl X|=~ F=t =7t =L

7= (forging), & ¥ (rolling), ! (drawing),
2 = (extrusion), =& 2 (press)/tS

Q1. 22/ 0| 2k What is plasticity?
Q2. EHd 0| 2t? What is elasticity?

Q3. &2 d7t& 2| BHE?



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

7| HA =4
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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
https://ko.wikipedia.org/wiki/= 2| 2
SCFWEE)S =S CHAO| = Fo 2, 5 7ttt =[] A0| AL FTF =X 4t =2|
CHR(FE s EHe))el 2o 2 BH k= F7 2| Z1tX|0|Ct,
=2 20= ”_OLD*X*J_—*LI'&(“WE 71|) SESEELI AR, 20 2t 0|, 25 8 M FeF M2 50| QLT 0|2
Z2 27X 22| 2HE St 5™ 7| /M O ¥l 21 2SS 40| 2 HH IO A BA|SH= B2 7t Bt
O =0 2 2E-Ho|EHdoZ2 2= S| CHUEHCE MBEMU2 MR Qo) M7= AH7| &R B)= 0|o,
H=o| SR U2 E HA| =LY, EH7|OF SE TS B &0 Y= £=29| =0| F, ZO|2 HF mh52 =7t ULCL 2H o Fuj&=
7|10l 22 7t5 ML o[ A 2N E 7|'Ef°*34 AN YGX = 29| BU|lE HAAEIHZ HEksIH =ICH O] &2 7| /™0
OfZ27|HHATI YTt HOo 2 A2 ZO|Z2 X 2M SH o L E FHsI1 U+ AO|LE 20 t= EX|° FAL
"X = 22| FAZE F5H0| 7hs5tLt.


https://ko.wikipedia.org/wiki/%EB%AC%BC%EB%A6%AC%ED%95%99
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
https://ko.wikipedia.org/wiki/%EC%A7%88%EB%9F%89
https://ko.wikipedia.org/wiki/%EB%AC%B4%EA%B2%8C
https://ko.wikipedia.org/w/index.php?title=%EB%B0%9D%EC%9D%8C&action=edit&redlink=1
https://ko.wikipedia.org/wiki/%EA%B4%91%EB%8F%84
https://ko.wikipedia.org/wiki/%EC%A1%B0%EB%8F%84
https://ko.wikipedia.org/wiki/%EC%86%8C%EB%A6%AC
https://ko.wikipedia.org/wiki/%EC%98%A8%EB%8F%84
https://ko.wikipedia.org/wiki/%EC%A0%84%EB%A5%98
https://ko.wikipedia.org/wiki/%EC%A0%84%EC%95%95
https://ko.wikipedia.org/wiki/%ED%9E%98_(%EB%AC%BC%EB%A6%AC)
https://ko.wikipedia.org/wiki/%EC%9A%A9%EC%88%98%EC%B2%A0
https://ko.wikipedia.org/wiki/%ED%83%84%EC%84%B1
https://ko.wikipedia.org/wiki/%EC%98%A8%EB%8F%84
https://ko.wikipedia.org/wiki/%EC%95%A1%EC%B2%B4
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
https://ko.wikipedia.org/wiki/%EB%A9%94%EC%8A%A4%EC%8B%A4%EB%A6%B0%EB%8D%94
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Forged products
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US auto industry and culture
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Metal forming and automotive industry

Mass production ...




Manufacturing automotive parts

Audi A8

Sheet
Cold formed

Hot formed



Modernized stamping lines




Modernized stamping lines

TESLA model Y
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Disney animation

https://imgur.com/gallery/IZkSR



&2 A4 HESIHE NS ME Ed 29 7/ts 0|5 Z20H /iR
Upper surface
Side \\':!I“I‘-

717.254

708720
700186
691.652 -

683118
674504
666,050
657516
648.902
640,448
631915
\ 623381
Lower surface 614847

606313

surface

07779
589.245
S8071
srz2an
563643
555100
546575

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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(ots/8d 2A 1Y) Ny (User Material / FE) —/

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,"** Inquiry 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) H
e FE forming
aux1(:) = stress_ns(1,:) ! predictor stress
aux2(:) = stran_el_ns(0,:)

B Sl ok Bt i “—stmulatio D
~ :

call (Cel,aux: 5(0),eeq_ns(@),dphi_n,dstran,
aux2,aux4,ntens,idiaw,idia,hrdp,nhrdp,hrdc,nhrdc,ihrd_law,

$ 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, "** Exi pping **') >

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

- 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

- - -




Constitutive modeling

International Journal of Plasticity 135 (2020) 102812

Contents lists available at ScienceDirect

International Journal of Plasticity

El.SEVIER journal homepage: http://www.elsevier.com/locate/ijplas 7/

L)

Check for

An efficient elasto-visco-plastic self-consistent formulation: wpdates
Application to steel subjected to loading path changes

Youngung Jeong *, Carlos N. Tomé"

2 School of Materials Science and Engineering, Changwon National University, Changwon, Republic of Korea
> MST Division, Los Alamos National Laboratory, Los Alamos, NM, USA




Statistical representation of polycrystal

Elasto-Visco-Plastic model

o= C"P.gbP
(Cel: gel

Q
I

Sample Axes
Crystal Axes

Each grain (crystal) is
anisotropic.

~
7

Orientation
Distribution

Probability

.’ Orientation

7’

Euler space

~

Probability

Discrete sampling

Orientation
Distribution

Orientation

Discrete sampling to
represent polycrystal




Mechanical experiments

Hole expansion test
Bulge test

() Belora materal test (b) Afsar materal test

Nakajima test




Finite element simulations

S, Mises
(Avg: 75%)

+6.061e+02
+5.556e+02
+5.050e+02
+4.545e+02
+4.040e+02
+3.535e+02
+3.030e+02
+2.525e+02
+2.020e+02
+1.515e4+02
+1.010e+02
+5.050e+01
+0.000e+00




Virtual experimentation via developing realistic mathematical models

Blue: ferrite
Red: martensite

rolling direction

T T Tal T T T e o TR




Restoring old cars...




Popular classic cars in the US

TrmDERBIHD 1965
BUICK
SKYLARK

CAMARO . - 162 BT Mustne

CHEVROLET | 196 . CHEUROLET D - s> R
‘ 00D —

1965\ NOVA | FORD il v
9

1068 64- | GE | 7 ]
FORD | \ 1964
[ wusTan £ giey 1066 S e ’/ég:: it
B BEL AIR I CORVETTE
T = FORD

FORD
MUSTANG FORD
MUSTANG CAMARD IMPALA

1965 | 1965 Ll
s FORD | FORD R | capieac me \ o\ fO
MUSTANG ;" MUSTANG } i DEVILLE, /6 ;mnmmn“‘ \’-»'{USTN“

BELAR \
= 1968 ity [ £

L CHEVROLET '} R

DODGE CAMARD

POLARA

CHEVROLET
CORVETTE




If an old car crushes...

You cannot build your own stamping
1969 Chevrolet Camaro line for an old part...




Incremental forming?

Single point (SPIF)




Incremental forming?




Some alternative?

Pulley ‘

Bankholder
side panel

Brake line holder

&

Heat protection blank

steering gear
Kinomascs

compongnt seal

adjustment

Hose hoidar

Kinematcs componen
Chassis component ﬁ & Blankholder

w Blankholder
Holder gas-filed
P absorber

Closure clamp

HKL hinge
- -

Luggage rack holder —
Damper intake Chassis component

Source: N Shrmechl, Kundenor interte Optiom lerung den gener st wen 3 ashhOmaelzprosena, 2010



References and acknowledgements

References.

Acknowledgements

Some of the slides are based on the slides of prof. A.D. Rollett @ Carnegie Mellon University.
He kindly permitted the reuse of his slides.

Some images presented in this lecture materials were collected from Wikipedia.

Some images were provided by prof J J Ha at U of New Hampshire.




