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Abstract

A multi-point forming die (MPFD), which has been used for producing curved plates, is capable of forming various
curved plates with just one MPFD. However, in real industries, an MPFD is difficult to be adopted since the structural
properties, punch strength, elastic recovery correction and dimensional accuracy become problems. In order to overcome
these problems, the hot multi-point forming die (HMPFD) was proposed in this study. This HMPFD commonly provide
more less spring-back and forming load than conventional MPFD. Nevertheless, this process is very difficult to form the
curved plate, because the final curved shape of the plate depends on many process variables such as the punch/nozzle
arrangement (height and distance), the radius of punch, contact conditions between plate and punch. In this study, the
forming characteristics of HMPFD and conventional MPFD are compared with each other through the finite element

analysis.

Key Words : Hot multi-point forming die, Finite element analysis, Cooling device, Al thick plate
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Fig. 2 FEA model of hot and conventional MPFD

Table 1 FEA conditions of hot and conventional MPFD

Conditions Value
Material of Al plate AI5083

Upper MPFD speed (mm/s) 30

Initial temp. HMPFD 430
of plate (C) Conventional MPFD 20
Friction HMPFD 0.6
factor Conventional MPFD 0.4

Interface heat transfer coefficient (W/m?<C) 4000
Convective heat transfer coefficient (W/m2C) 20
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Fig. 3 Forming load of hot and conventional MPFD

3. A%Q REXA0| @E HESY

3.1 RERAHM Y U EH
ATl AARE A3 TR E R VS ThE e
@ APEAS vl Frietr] e AAle] -
1o e e ssirs sl M B
£3)4] ~xEYo]¢] DEFORM-3DE o] &3lo] A3
(forming), “37ZH(cooling), Z~3Z % W (spring-back) 34
To®2 FYPHAJY. 71E JHAEE A d A

FdgHgor Ao AxfoA YztaA

Fig. 29} Table 1> fhazxsislol 489 4 =
9 =215 YeEhd Aotk 7t ade] iR
N AS 7HA = R1000 mme] A FAS 9

=]

=
o

R [e]
ohowTE WA A= AL 125 mmelv, 48
st 7+ 17x17 EAZ wjEsiqltt. 2 | A9 g0l
= A9 WRF wAE S UES JgEAe
2 AEshe] A4 THIa)

A9 AL DAL Y 5e H2R

3 &o] TAHE= A

B} oRAS, ARRAS, e AERE J)E
A7ATE FRAAT4]. 2A7 Fiom, TH
o] me Mol A7) ok o
29517 S gkrh{1s].

Al 2] 8} A et

ax. Normal pressure : 86.4 MPa

Thickness
(mm)

6.03.
6.02
6.00

5.99I
5.98

Al thick plate,
Center

X Y
YZ Symmetrical plane\ <

Max. Normal pressure : 381 MPa

Conventional MPFD

5.95

Al thick plate, 593

Center
5.92

XY Y
z Symmetrical plane\‘:

Fig. 4 Thickness distributions of Al thick plate

icient) 20 W/m?

Wz A
T 7R ol
a

A L7} 30°CE Jg=E

TE
AWUY= ‘%}743}7] Asl ddEA ol
AlS-S Eetal Sl AEelA

g m7kA] == A

3.2 fetesss Ay

Fig. 32> A g8 23tz AYstsS vekd 3o
t}. HMPFDY A 83t%S 7]& MPFDRET} ok 74%
e A3E Yehi itk EE?‘&, HMPFD 2§ A @
At Aol 59492 T4l oA 86.4 MPa=, 7]
< MPFD9] Hu #H=¢ 'e'ﬂ 381 MPa°ll H]&| ‘3]
e s YERIT dnbd o R HE5AE S 4Y
skl v et 27}0}711 H, AE59Eo] s
of wat Az el =
Fig. 4°] e = 3}
A= 592 mmE 0.08 mme] ¢tEo] Ay 0}111 *12

R
=0}

Tds AnE Hlth o]i= HMPFD A& A AIF
#o] 2ETF xobAd fEed B wAASTE A
Aoz oA 7] mZolt. 4 @S WAY F
AE A A= 4SS HMPFD] #-8317] o ¢
7] wol Aok |ARre] HEFAHS FAAA
T e AA ] FAEATIE0l avHY, F5 A

Fig. 5% A& A% Jdexts verd A
olt}. 7hHF &A= Fig. 59 @9 o] |9k &
Aol A ol wek A3 (forming area) ¥



2~ 2] = ° -
FA A S o] 8T dX
@ -+ Contact point
H Forming area .
D Non formmg area+ [ HMPFD
/[\ /l \ © 0.000
- -g\ m> || s, 0.09050
b 0w S 0.1810
! =
. 1 x5 B 0.2715
[ . \__/ o
= ‘ e
LY W Ny 20 S 0.3620
[ s 3 0.4525
1t g 0.5430
5§
0.6335
]
= 0.7240
750 =
& 0.8145
g <

=
&
-
&9 s 0.9050
S
A

- Conventlonal MPFD

0.000

0.09150

qs

0.1830

P
-1

0.2745

~
@

(W) 10415 3dy

0.3660

I
8

o

0.4575

s

0.5490

0.6405

&

% 0.7320
- S
s § 0.8235
=

S

£ § 0.9150
s
a

e }
22, 9

Fig. 5 Shape error distributions of Al thick plate after
forming analysis

—_—

1] 43 & - 7H(non-forming area)o] =A%l Azt 4 7
< 7PEEE Y AR dRexts AE A F
o 02 mm, MAFTeA HAdh 09 mmglor, A
WMoz Nz HAHE ghe dEhiich mekA A

s

.

F# o eRzAe JATANA o] Oﬂfft
2 MAA wee & 5 Atk

AFR Feds JuHos WA A
A I R L L AR
o Arzl @ 4 Juw 249 AA 5L 3

2] 3ho] A7 = ofof &E‘r
Fig. 6> ~XWs|y Avz, AIFH JAFoAE
UEbd Zoltt 7)€ JPHEdEe 43 i ed
of 779 E=2 BAIES YedY e 7
B3 ES HAE Y] i FTHA ol
w@R oF 7.7 FA Aok 517
Mo gPFAE A Eesi.
Aow A7 7T AT Pkl
S VAA Fon, JFstT I P ES A
. ek HMPFDS] # A= 7] MFPDE T

ok

i 0% o> FE l"IO

—.~
2 2

2 3
>3
é".:

o

ot &

N
)
'E
ol
ofk
o,
oflt
A
ox
i,
N
)

239

0.000

0.4100

0.8200
1.230
1.640

2.050
2.460

2870

3.280

o &
& 3.690
o S
S
S 4100
-
S
e

T— Conventional MPFD
B R 0.000

3.140

5
S

6.280

w
&

(ww) 10415 adey

9.420

P

&

P

Fig. 6 Shape error distributions of Al thick plate after
spring-back analysis

ARt fElshy] Wit #AA Alo]2E F23)
of Fuider s WA vk o] & F3
HMPFD®] g eAll M o] g eats | ast

At A Ayl g Al

A E AR g
o] WZHA S Fig. 129} o] 976 sec® L}ERS
ow, Aide WEHoR A-ggrh weba HXA
of x=F9o EEAQ WES Fd FFgea oE,
WS A Aok St

4, BHX[/=E HEZZ0| g HE5Y

32
s XL
Z
o
!
W]
o
e
N
rlr
L >
i
rN r}f-‘
2 oo
0%
to

™
stlvh. ZF =& H%d_izjh (a) 1x1
3EA, (c) 7X7EA°It} a4 oA



240 ojQlTf - o] & -

a)
Upper HMPFD Air nozzle arrangement : 1x1 EA

Radius of curvature : R1000 mm

4 0.8 8 & 8 8 &1
} 8.8 8.8 8 & &
1 289 0 8 8 O ¢

Lower HMPFD

(b)

Upper HMPFD

Air nozzle arrangement : 3x3 EA
Radius of curvature : R1000 mm

75 mm

Lower HMPFD

(©
Upper HMPFD

Air nozzle arrangement : 7x7 EA
Radius of curvature : R1000 mm

175 mm

Lower HMPFD

o—IY
X X z

Fig. 7 FE-analysis model of HMPFD according to punch
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= Air nozzle arrangement : none

= (a) Air nozzle arrangement : 1x1 EA
—— (b) Air nozzle arrangement : 3x3 EA
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Fig. 12 Temperature distributions of Al thick plate
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