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Analysis of Material Flow in Metal Forming Processes by Using
Computer Simulation And Experiment with Model Material

Heon Young Kim and Dong Won Kim

Key Words: Upper Bound Elemental Technique (UBET, AA 8 44), Elastic-Plastic Finite
Element Method (et =4 $32.49) Closed-Die Forging(3tt=), Element
Regeneration(2 4 z]34), Backward Extrusion(Z=letZ), Flat Punch Inden-
tation (3 F& = x9ta), Experiment with Model Material (2 =1 A1&)

Abstract

The objective of the present study is to analyze material flow in the metal forming processes
by using computer simulation and experiment with model material, plasticine. A UBET program
is developed to analyze the bulk flow behaviour of various metal forming problems. The elemen-
tal strain-hardening effect is considered in an incremental manner and the element system is
automatically regenerated at every deforming step in the program. The material flow behaviour
in closed-die forging process with rib-web type cavity are analyzed by UBET and elastic-plastic
finite element method, and verified by experiments with plasticine. There were good agreements
between simulation and experiment. The effect of corner rounding on material flow behaviour is
investigated in the analysis of backward extrusion with square die. Flat punch indentation process
is simulated by UBET, and the results are compared with that of elastic-plastic finite element
method.
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Table 1 Mechanical properties of plasticine at
20°C and steel at 1,000°C“

M B
. aterial Steel Plasticine

Properties

E(kgf/m?) 10,545x10° | 0.70x10°

0./E 0.0006 0.02

n 0.25 0.20

n ; strain hardening exponent
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Table 2 Chemical composition of white
plasticine(Harbutt, England)®®

Vaporable Material Ash Material
52.3% 47.7%

Si0, 10.6%
Fe,O; -

AlLO; 194
Grease, etc. CaO 584
MgO 0.4
NazO 0.5
TiO, 10.7

E- = .
@ Eotegde UEsh 9% A4S #3839, o
Bz 5 Aze BAA Aoz A4 W
z% 219 AAs gol e 14

L=k, T EHA AT AAle dF 3
& load cellz} 2=y & ]
Hoj AREe] gm, A} sFAER FA=
transducer indicatorr7} X-Y recorderol] < 73=]o]
Hel-at5AA FAE 2= Hefgl Fig 6&
AAIE Jebd ez ol Al2024, ©iel
2719 AL SS41e A& Aolch

Aael AR Ade Jehls $HE-HYE I
AE 27 sted Aol AHEE 4
(harbutt, england) ol i3k &=A1H-&
o, Z2x4 A3 g RE 34 A4 (Jeast square
method) & o]-&3le] t}&ol S$H-HygE AAAE
gk,

7=0.1059£*** (Mpa) (12)

ZelAeld Aol ALH F@A 2= grease,
powder, vaseline So] glou, & Agdes 3

% cholz ¥ 4Ag 227}
A

AELE A4S FZAY
powder (Johnson’s bady

3
Arh. &4 FE2AE FA43

Fstdeh Al A" A" oA WA L%
oF 6:3:22 ¥ Aoz, AA d2AYH
dd #8 =70 At ohAE Y4 m=0.5% F
Asjgeh, 714 ehRAGsE H¥F 2 el 4A

AR
sheh shg e,

<t A4 AFHQL 2u-du
H wele #A4 Ao dle] 2ug Fol ol
o] u] (H/W)7} 1.0,2.090 A%l gt A5e F
AL A8 o) A3k Fig. 7 H/W=1.0
ol Aol g a4 2 dgel A S8F &
g viebaet
w9, F¥Aez AT 4R TRhe 44
e EANA 43AU 48 Y AE Faw
olzb= mAE] wkrdelch, mAlz ulAdel aZ|s} A
E%%e] slAE g Yolur] Asked A
Fulgte g Sddgez sioloh Fig 82 59,
Ax 29 2A4E vepd Aolh Axkel A

sted A8 Mises M2g sFA3gon,

Asrh glovd, $%89

N
i oft nfo

w=1, *HiA4 m

i t
press cylinder
lood ceil

}— punch guide

billet

t— container

lower die

bose

//

Fig. 6 Schematic diagram of experimental equip-

ment



0.05% 3o},

HAHY FA el FFE A g
Ay EAE Ak By P esgel
o S|4} wlm, 248t UBETe <3
£A7HE A 49 AgE 3§48 AF3)
2 %ok Fig. 95 #iAel AH4d #A 2 £x9
a7], 7] 223%E Jehi,

e
2y

e

19.25 1
O
/ N /
' Q DIE
P -V
2
+
WORKPIECE

1
1
)
[}
'
I

Fig. 7 Dimensions of die and workpiece in closed-die
forging(H/W=1.0)
‘ l
|
PUNCH
<
(aV}
DIE \
R

3.5
AN AN
Fig. 8 Dimensions of die, punch and workpiece in
backward extrusion

291

Zo| w7} 1.0(H/W=1.0)al %
ste], HZE AF A I
AL F8lr) ke 37kA FF

PUNCH

N

80

60

Fig. 9 Dimensions and initial element system in flat
punch indentation

100.0

~
29
2
3
[
Ro x Ho

w
e ¢ 310x 170 ! L

200L  «270x225 *1°

| *250x2625
l— Ro —{
00 L Il L 1 1 1 1 [
00 4.0 8.0 120 %.0 20.0

STROKE ( mm )

Fig. 10 Effect of initial billet geometry on degree of
die filling



292 713 el

qe] A7) Be WA X ¥l
9z d4ol BE Tl 32
29 A%E Q9

(1) 31.0x17.09 7% k7= 9] FAHe] o
v HE bAoA £A 7} oho] RS ebHs] b
32 2PeS & F Urh aERR o|RoREH

£ Yo AEE AE 4

15 4 9l

Fig. 11 Deformation of element system in cavity fill-
ing process(H/W=1.0)

=g vlad ez o

- 7Ed

oA

(2) 27.0%22.59) 7% £A7} chol & ke F
wationd, skAztA e dAs HAste] £42F
oz £=7F g%k

(3) 25.0%26.259] 7% A7t chol Wil
A8 Fubsiolot A AA Al FAof A,
o}z oldted oA % 3hFe] ERLFA £ms
of wlEgHolrh

|

)

Fig. 12 Grid distortion pattern in cavity filling process
(H/W=1.0)



Fig. 113 Fig. 12= H/W=1.0¢]

PR

2 £
T
N 8
)T B om oft
FE
a
Te
o ok
i
%
pul

o) % o gdtel A2E AAZ B
& 4 geh alHelA wA 2se Ad d7e

Fig. 13 Material flow pattern by experiment with
multi-layered plasticine

g FRHMA Y ZdAd 293
Fig. 132 Eafxeldg &, o 27hA] ez A
Z3le] AYg Az WYl @ AHae
5 oA vebdin), Fig. 1200 vebd Al Ee) ol
A Assh fAG HY G welFoh
Fig. 14+ ¥o] #4agdd ¢ d& JFELE
A A ARt A dAFE & 4 Urh
Fol Had 60% FEd wHEe 3Fol FAHY F
7hsledl, ol olwiie] a4 (flash) 7} ¥4 =
7] wjelel, Fel4fe ¥4 AHE FEAY
& F7HA71 7 wiel MBS 38 & A3 A
+ ohE Z <tde] Ak e Eul4 FASE
U gkAls= gtz dl5e] nil$- - che] upH
st stolol fele] E7|x drf, o|AHel A2 ©
zo| ey Hxo) B4z, AEedd Ao
Rz 3Ee meised HAAE Flok ok
30
" — Simuition A
o Experiment

Z20t

x

o

§ L

(2,’ ]

2l

0.0 S WS S TR S N N I
[} 20 40 &0 80 100

REDUCTION OF HEIGHT ( % )
Fig. 14 Variation of forging loads with respect to
reduction of height (H/W=1.0)

100
— Simuiction
095 .
e Experiment
~
x
>
- 090
g
)
w
0.85
-
<
2
0.80 - r
R
0.0 L 1 ( S S
] 0 20 30 40 50 60 70

REDUCTION OF HEIGHT ( % )

Fig. 15 Relationship between radial flow (r/R) and
reduction of height



294 FAL LI

Fig. 159} Fig. 162 %ol 4ol Ad A
T e f s wolWd F5% 9
vetd Aojet, A AP ofze Aol=
Hoz LxAst apde] AT 714,

S0 a7 9 By 27 3
QAN FAA 7 Sol AAHAA A
2 shedlA 7]l

Fig. 172 A7ztcho] (square die) & 58 F¥E

#4q4] =A2F-E 2k (rounding) 34 &2 7

O

$-91 & Lol il g4 28 7 dxale] s
2 Jeld 7Zleolw, Table 32 27}x] =wlo] il
%, ¥ HYoixg, AR E, =l
A vlagd Relch (a)e] = ledAe o
g 2ol FEHo 2 FAE wgo] L3}
22 YL Yslo S W WY ¥ 2
a¥ Akole Axhel 4‘ Hygol AATL & 4
ek 2w 27 = W Hyd A g2
23, AeteiAlge z}_ o}, AAelial g H 3}
100
090 | — Simultion .
; e Experiment
s
5
3 T
: 7t
Yoso b _L
00 L 1 1 ! 1 1

0 0 20 330 4 50 6 70
REDUCTION OF HEIGHT (%)

Fig. 16 Relationship between vertical flow (h/H) and
reduction of height

F3kel Aid oz A ebyteh
Fig. 18- ggcgg HAo 93 #algrel =
A Ao AAHY 22mmY A A £4

(a) Square die

(b) Round die
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Fig. 18 Effective plastic strain distribution at punch
displacement 2.2 mm in flat punch indentation

Table 3 Comparison of energy dissipation rate and load between square die and round die in backward

extrusion

Square Die Round Die
Internal Power (N mm/s) 192.619 353.799
Shear Power 541.215 276.732
Contact Power 17.608 15.175
Total Power 751,442 645,706
Total Load (N) 751.442 645.706
Backward Velocity (mm/s) 1.0417 1.0417

% Punch Velocity U,=—1.0 mm/s, Friction constant m=0.05, Mises Material ¢,=1.0



AEGEo e 4H304 2 2Adg

SIS

'''''''''''''
.........

295

E=3

TR 4EF Al
Al gdloldete] HF AFol ¢

g Fuk A4S 5

%3 27 249 4 72 5 Y2}, Fig.
19¢] vebhd A3 go)l H/W=2.03 A$E &
3 AE g 27 AHoRE tho] WEE oA
3 Fabdlx] 2dHeh, 2R cho] Fubg 93
of & sl F& 2 o] ovl AHY wA} e
stot, Fig. 2082 H/W=2.03 7 %ol st A

Fig. 19 Cavity filling process (H/W=2.
cylinder

0) with solid

Fig. 20 Cavity filling process (H/W =2.0) with
designed preform



296

. 4

) S D S

Ul 1 1 LTLLLY
| I 77
11 | G | L1 1
L W Y W

o e e e et

P A AN SN SN ANNY Supy
[ 7 77

Fig. 21 Cavity filling process (H/W=2.0) by elastic

plastic FEM

A ov) H2YEPo 2 e 33 FHL
Aoz HEUANA thol W3}

. 2@y UBETE ol§8 A2 4ol
]

v

{e3
T
L

N
32 £

[‘1‘9‘
{.2‘.1‘

il
of
=)

oo 1o
o
=0
L

o
o

AAF clul 7ty o Yabo] whisied 4

, AA Fxhzd H &3] H3lede

aft angle), = 4]}ul7] (corner radii

(fillet radii) 59 ®x XYM ©

a#dsfor 3toh, Fig 212 w44 w3

=z 2 a9 NIKE2DE AH&3 59 Fut
& A

% 29 9 4% 4

o,
=

o
>
&

w
314
=~

’

—_

o

97‘.
5
N
bt

ol g ofy
fo

T S T )

B oot fo 4z W oox S o

o
2

B ofw
A,

e B o
32
alo
o
2
-+
30
T
r,j(r_“
B
ox
Fo

€] ]
733k, A5 A (associated flow rule) &
o, HYE &Lxo 4 FAsAG, wAY
AAe s quasi-Newton® £¢ BFGSH
(broyden-fletcher-goldfarb-shanno method)-& A}
Sohich, 24nEe 48 203 A4A 24
node axisymmetric solid element) & =z =18 3}l
o, Wggo] FAL AR oAsE 2| fet
HAHte gl Aol AE Ashed, 3HA &
£ A
Z

4549

o B X Hr o me ol

14
—

e

™

fo} Axsisiic Fig 22 Zebae
o A3zA Wdol WE Amel

ols

P &

of\

Fig. 22 Material flow pattern (H/W=2.0) by experi-
ment with multi-layered plasticine



5.0 T
[/
- ]
~—— UBET i ®
40 - ——- Elostic Plastic FEM i
* Experiment 1
— o i
z i
ot ol
[=] I'
3 | /
h] . /’
S} /
[¢] LA
[«4
o L . 7
o ' -
-
. 7
10 g
.« -
- . 3
. vl
00 ! 1 L 1
0 0 20 30 40 50

REDUCTION OF HEIGHT ( % )

Fig. 23 Variation of forging loads wth respect to
recuction of height (H/W=2.0}

(a) Initial die-workpiece (solid cylinder)

s S

SN

1.4

(b) Equivalent strain distribution

Fig. 24 Initial die-workpiece system (solid cylinder)
and equivalent strain distribution of final
product
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