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A Study of Hydro-forming process by using Dynamic-explicit
finite element method

Dong-Won Jung* - Jae-Sin Hwang**

ABSTRACT

In the present work, a finite element formulation using dynamic-explicit time integration scheme is used
for numerical analysis of Hydro-forming processes. The lumping scheme is employved for the diagonal mass
matrix and dynamic explicit formulation. Hydro—forming process for auto-body panel forming has been
analyzed by using dynamic-explicit finite element method. Further. the simulated results for the Hydro-
forming processes are shown and discussed. Its application is being increased especially in the automotive
industrial area for the cost reduction, weight saving, and improvement of strength.

Key Words : Dynamic-explicit time integration scheme, Hydro-forming process, Auto-body panel
stamping processes, Lumping scheme

A4 A FAHY LYol a7 old A&

.M 2 Aol duaEe AEey] ffd olE BE ¥

o] Wadtch UubHQ whd FEHAY AY LS nxY

Quyo wad Yxde ua W} Qi w o) WMy BHE #EAE £ dvd, oA A
B 49 $3% FAd0 ueA AR dxspz o IS R gdel vidRd e ohqs
}iol 7}%5}]1] ‘_A-} _2;,33}1 %ﬂ"—‘]’ﬁ‘ﬂ '»—‘}’d -%)b]_% ;Sé f?l;’b“l H]'ﬁ%‘O]ﬂ UHTOIE} 7‘“‘:}7}' _7[5_5_01 i%‘
3} urgha cho] Aele] MlmA 2 AdHel W A A g7 Sol A¥HA §-229 4 Fd v
AHQ AR FAES A4S slspel g T NEE ERE Sl A odG JE ny
g 5AER QdA dAH PEe BE A 2

o AFGE A o - SR, BETAATA she A9t dofutalzt Sjan Aeyde B
Faculty of Mechanical, Energy & Production Eng., Cheju Nat'l g o]Fo] ¥ 5 o}k uhgt Fyol AAFFAM 2
,, U e st of Aded Tech Asps wES O Ao 29 B AP oAz
Gmiuan‘e School. Chefu Nat'l Univ. grh WA FHL sbF Fol Ade] &4 i

29



rie

o |

THEAIZEe] ot W2 FHA o R Aol

FA vla) FErt wu FASA ] $78 FH ol

ez A, A, WARFIYS F2
2

|F MY FAA Fod AzTHFY siolr] fE
ojch, WAL =R AEYA, 3, ololod
g olge] 2FoE FHF HFS HYRcE XY
& Yg wek ofd}, Ast e AFA(for-
mability), ©] “o*(anlsotropy)%gl 7143 Aoy,
FA BdY, FH(HXA, dol 2 B3 9 59
BEA) 459 2%, B9 2 g8, AYE5E B

of Wyl g vyl Wgel 1 BH WA
Moz sekse e ok
2R HRRES] TH% T HA Azl
N rge AdRes dsel 3N 448 A4
Ast7) Sistel B ABdolH el Amsm
Ack. chd WET shazdsRY U slas
ek ojeie %
H0

7& H]HS‘JF} 7\}]5,_25]-14 H]Hﬁ o

o2

AsE gty fste] A= ek Ajggeld
Bol a7HoAt o WE F 7MY de &
ol A

o] F&#aL AL WRdgFH 24
A o] AFEHA AA A wHat dEH W
Hog roFrh[l1-7]
tolmg-Eg e A9 ¢t o8t Y
Yoz AFAQ LA Brbsslyd Hdt
o AFE AR 7hEdtn YA gz gy
o} &3xe] BHaslch nga s2iHeeld FA
T AMESS A A HHAEe I +
AR em HEY Fdo] Ha, SR HEo} 3
oy aeul agbe) 4R RA e w2 ofuvx] b
go| nrtety ddE ek slelma-Eye] 7EH
2 ZAAAD HE 2 Hs o Fu|rtAel :to
U ddAET 3HE & ddstd o8 2i4E
Aol vla] As F WA
Hojct, 2eing vzt ol
e & ddsjolstn g Abdel vle] AFE 5 9l
7]zl 43 Haajrt
AT E T4 gAY g ol4std Adgy
& 918 Hydro-forming 3 dsiA1-& 3ot

tlo

™

thEo] 7hsdt gy

rlr o}d

g2 2
21, YAH RERL 543

3 : o 4
Y kg Fo WS W, W5, B, 4
g, 99Y% AAENe BF gt AP
49 erge rhest gol EHALHE]

[ | SoEdy + | o yitduds— [ | obdudo

fSFUauds+ Z:ILV(P'C6g‘n+ ridg'Dds 0
0. 0, qlole) ¥ig) 9 Wyg

¢ "X (Body force)

¢ EHE (Surface traction)
F: 4% &%

o HE
ka8 As

R R

me
ofx
L

1o
R O A
;L_‘O, -~ E -
x
r>~
ot i

o 4o do o 4

o} .
B
LSS
rlo

IM{a,)+[CHu}+H{P}—{F}+{R}=0 (2

9 HoRyE AGFE il

& o 22 2

EEE
& Ahg e,

g 27 9

(G



EM-HY FE#AME 0|83 Hydro-forming S0l 2

o o7

U:-

W= U ne2 n- 112 Uy —2u,tu,.
" t 24t°
uﬂ “un
Uy +At L
U TU,
u,= YT (3)

9 A& @A) disdsta elahd qEg Al

o A4 dE d& AU ezt "t
M C _
(42 +27) u,., = F,-P,—R,+
M M C
Fu"_(ﬁ_ﬂ) u, | (4)

FUAEHE 49 A7 wet dHHA FEA
S 7HAn, B8 FELS 49 Awd vAE
th(9] Aol s Al FE n+ldlA o] HA w4
7b FAAH AHGH e FH(update)dtn 1ol whet

FEAdol BAEE MEZE A FE9 A8 2
sof gk AAH AFEY AV|E KE 84
of thal Zhzte] AZkERe) A7E AN F 953

& Al ela d4ge.

An*l = a min {41, 43, T, AN) (5)
gl Yol N& F g4Fely gt 184 of
AR 2718 Ytk @ & EAE A
Az A 09018l ke MEsit) A F&
a7e gy e Hog AAI

r.?h o

&, = L,/C 6)

<

9 Aold L, = axel 94e Huuel Aol

C = N

oj7]14, E & HAA(tangent modulus)el o

o Ane Axolth ARel 4 Ar WEo|
Ut (square root)ol HHAIZt] WEE 1008 Fol
= A4t 7} 108 F7is o] AA A A o] 108] F
oEth $3-9oy AL A ME 29 F
FAE M3y st Aoy ’ﬂ%—"—iﬂﬂ—é—
of eHgs|: obF 2 RAE 4 rhsstnz 24Y
FANE HEsia vk A 2978 FHY #AA%
EE Im/sec 20 Mg S wgt] W =
2tk 49 $4& dig S000m/secY LolBE UHE
7t doll FFE AA FA e HA delM A
o ANEES Fo d4ssd AAY H48 9
gtef se] Hotmol] & Fgo] e e HA A
AEERZ gt

Z217} gt 99y Az 3RS @ M 3FS
24 813 (diagonal matrix)E& WEE o] ¥
ot} o]F Y3l (9 4] oAl e #L YF A
FM PEE Foysoh

L aave :azaz

=>m.,= 3]

) 0 L DY

4714 n& & asel HHolr}

23 A AZIHZHY

Aol Hal g Ad 4004 FA4 d8 CE 74
o e oAH A HE dae dydAe
2o e} Akg Wzel Fste Pzt "ot o
g 893t Fig. 1ol YEbATH[I0] |4 2t 3H
oAl Falz 3 e ol 1 AFLR IS
EE 78§ olg F AEUE o8 S H M
Ag P TR HHRZRE dF 240 ¥YE
S 78 4 Ark ol F AupgAAd] digfstd 1
Aol xe] 3} 19t AHEF G WrEE 7T
Atk o2 RE thA) g 7% £ Utk AHE o
ol Foiz glomg ohf AN AFd ol wgste

—l>ko

31



85

A

A& wrE AikslA ok ol & d(stress wave)
o] Ag AT FYFd ol F Fig. 23y =AFHe

2 vepd 4 k1]
ST/;KRT ]
Data Input _]

i
Lumped Mass [{M] Calculation |
T

Al2F =82 at Calculation |<~———

T
Rei) R=D Calculation I
I

AW = My (R=? R =) ]

I
Contact consideration with TOOL
d'? Amendment

I

I

I

I

I

I 1

I Tool Moving forward |
I

|

gu+m gu+1 Calculation in |
Central Difference Method
I

N
Max. Stroke
Arrival ?
Y

I Data Output A-I
- DU

[ THE END ]

Fig. 1 Flow chart

/,/'@eu ﬁolg \\\N

- teat T

..... B
Motion equation

| Acceleration

Displacement -———-A1 i S__peed j

Fig. 2. Transmission process of stress wave in
matenal

24. & XM

gy Az Hywel FuS A7l G WA
% (penalty method!@ AHERTE 440l H#EE p
wE Fusw 45 5B 4yl ez,

s- ~hkn 9

9714 he 5%, nd 573 HE(normal vector),

ke A Q4(stiffness factor) M g3 go] A
o) g ch[12]

k=aKA2/V
o 7]A4,
a . HX AF(scale factor)
K: AA a4 A=
A 840 WY
V:gi B

°o|th

ole} BAEH Fig 3 o vehic. Fig 3014
(@) & $749 HHe] U&7 AU 2HS e
Y 311, (b= F7He] BE¥e] AXMGor W 3
%% sgat 249 Yehia ok

S WA geds) Sl 45g 89§
- fs2 @ 2ol Fad
32w GEHom AdRH 5 2o
SHoz Wi 4% AuE A g

L
ifd
i
T
N
e
>
'
O

i =

N9 |
D mm -
o -n
ot
=
3
=)
of
_q_

0l
—v-'

. i Vs ,/

.
B Theet Sucface

//‘ oo turfece ' ‘\
¢ e »

@) impending Tontalt of Twe Surfaces

N A
“e Sheet Surface

\\‘\ " /‘\

T8
Toot Zurface

b> SwrFaces in Predicted Configurnton

Sheet Turiace //
- - *\

/- Too. Su-iace

J

Fig. 3. Schematic diagram about contact
technique

‘ci meergticalty Complant Surfaces



A A7 JERPAAE 2371 e oA 39
AHAE BAE7) 4% oA AR FE(critical time
increment)o] EA5t] A7t FHo| o] gk <lgtd A

< a7atn ok HAMo] 9L AL AA A = (b) Metallic pattern in step 4
o,
4. =L,/ C a0
7t @h[13]
714, (¢) Metallic pattern in step 7
L 849 B4 7o
(characteristic length) Fig. 4. Metallic pattern by punch stroke
C=y £ : 8% a4
E : 9 A F(Young’s modulus)
o A
o]t}

(d) Metallic pattern in step 9
m. MesiAMAn

-4y f384HY Z2ads o] L3ty
HEEEY 4 dHES HAE9AY o2t FATA
&, AYFAIHAFELD), ¥FTHLEZE 33HeR (e) Metallic pattern in step 11
el Bsted ddd e oed 2o

31 A ¢ 32 sy

(f) Metallic pattern in step 13

(a) Metallic pattern in the first step

(g) Metallic pattern in step 16



{(h) Metallic pattern in finally step

(i) Metallic pattern in the first step (0) Metallic pattern in finally step

Fig. 4. (Continued)

Fig. 4= 33#% 82 9740 B sep 22 ¥
o Qon #el 4y AzPH vhxv o

(i) Metallic pattern in step 7 7HA H

Moo
¥ r.ii =
©
s
%
ez
4z
2
2
N
fil

(k) Metallic pattern in step 13

(a) Thickness distribution chart in step 2

(b) Thickness distribution chart in step 14

(m) Metallic pattern in step 21
(c) Thickness distribution chart in step 23



235t AH2 0|83 Hydro-forming S0l 28 AT

(d) Thickness distribution chart seeing over in
finally step

(e) Thickness distribution chart seeing under in
finally step

Fig. 5. Thickness distribution chart by punch
stroke

Fig. 5ol Mt 2718 el »E FA dst7t
dojut AE & & Yok WMoz FHEH #ol
Aol wgd BRS B o 4] 1Y FFF 27
el o] FA IEE’_E} FA¥se 7t S7t
dta gtk AEWF DM FA EEEAN B
A% Po] A FEFER LA 7}-‘1“01
g Ao ®th FEHA FE3 FE A
7)o F7HAQ BAMEAEACl E8E dii B
At

(a) Forming limit diagram distribution chart in
step 2

(b) Forming limit diagram distribution chart in
step 10

(c) Forming limit diagram distribution chart in
step 20

(d) Forming limit diagram distribution chart in
step 27

Fig. 6 Forming limit diagram distribution chart
by punch stroke

(e) Forming limit diagram distribution chart in
finally step

Fig. 6 (Continued)

Fig. 6& AAgPWgo] W& FTHe] 48 P?il
aMog MAAEZA 3ol APd

Feol| A mdo] dojd FHEHE HAFI U
FaaAAQ =34 FH 7lrto] gle AL Hd
o) 7bgAel EobA R Ae FEolth

>i-H. JL

O

(a) x-x coordinate residual stress distribution in
finally shape



02
ol
rio

(b} y-y coordinate residual stress distribution in
finally shape

{c) x~y coordinate residual stress distribution in

finally shape
Fig. 7. Residual stress distribution by punch
stroke

Fig. 7X4e HFP4Me 2FLHEIEE B
A x-x4Ee] AFLSEY B¥E =i o e
Ao y-yabere Ui Jeldn ok é“&42i

AFSHol &S e WEYY sxgw 3
SAEgAMoR A5 U F i AFo] &y
g G330 450 AANE FAHE Yot

oold He sadstx) Ramz gngde o

& AEFAAR YA A dsict

32. 5 ¢ 532 &y

(a) Early binding

(b) Before lower post point 0mm

8

(c) Before lower post point 25um

(d) Before lower post point Smn

Fig. 8 Deformed shape

Fig. 8& »W A Yo A ZHA 27|14 Yo
MAEE HFHAA 33 AlEdol e Heay

& HolFu ‘ilEP

Fig. 99X HEZHBAA FA Z4a8s RAF
B S %%’{%94 TR nERA g
o} 7hsAdol Melrh

(a) Thickness distribution from top part

‘..L

(b) Thickness distribution from bottom part

Fig. 9 Thickness distribution

Fig. 1004 $¥ne 38492 uolxa
E@o] Yojua W RN Fgo wAHE 9
om gYo) Aol BRN AR Fgol wAH

1 Uk



2524+HE 0|25 Hydro-forming 3Holl &3t H

Fig. 10 Formability distribution

Fig. 11914+
H2 HoFa Atk

-

(a) Early binding

e

(b) Before lower post point Zonm

) —

(c) Before lower post point Smm

Fig. 11. Deformed shape

Fig. 120048 38mel Faoly wi 54 2
%o REE nolFm dth FEBY E ¥Eo

(a) Thickness distribution from bottom part

4% 339 FRAA ol ¥

B

i1

(b) Thickness distribution from side part

Fig. 12. Thickness distribution

mp

Fig. 13o14% 309 ZdolA BE FEHYS
B Azl £Z0] 4zshA LAt Aok

Fig. 13. Formability distribution

F4-9d3 fasrHo] dlol=g-¥Y T
o H43) HEH {8 ¢ F Atk

2. 4¥dA g Bao 35 od, HEY, Az Y
5% vlE dIsld FHGEH Fst FAA,
4 4, g 71 2 ARl AssE A
9] g% Fo HHHAZ #3% 7 U 7
AE& BoF3 AUtk

3 slol=g-¥9 ML g W7le NEE
AalMe dfMrIEe HEol HAFE <&
Ak

4. 34X NE AFE FF4ANAM AL Edtolop
£ 17ta Aujg #HEo] aah nEA ¢
A Zd & 4+ AL Aol F¥stn H&HY
thargt AaE Apdel AT 8 £ g Ao



D

)

6)

Bzl

ikl

123

D. Y Yang, D. W. Jung, 1 S. Song, D. J.
Yoo and J. H Lee, 1995, Comparative inves-
tigation into implicit, explicit and iterative
implicit/explicit schemes for the simulation of
sheet-metal forming processes. J. Materials
Processing Technology, Vol. 50, pp.39-53.

D. W. Jung, 2001, The Sectional Analysis of
Trunk-lid using the Equilibrium Approach and
The

Korean Committee Ocean for Resources and

Three-Dimensional Shape Composition,

Engineering, Vol. 15, No. 2 pp.66-71.

D. W. Jung, D. J. Yoo, and D. Y. Yang, 19%,
A dynamic explicit/rigid-plastic finite element
formulation and its application to sheet metal
forming processes, Engineering Computations,
Vol. 12, pp.707-722.

H S Lee, D. W. Jung, J. H Jung and S. Y.
Im, 1994, Finite element analvsis of lateral
buckling for beam structures,
Structures, Vol. 53, pp.1357-1371.
D. G. Ahn, D. W. Jung and D. Y. Yang and ].
H. Lee, 199%, Sectional
automobile sheet metal parts by using rigid-
method, The
Korean Society of Automotive Engineers, Vol. 3,
No. 3, pp.19-28.

D. W. Jung, D. J. Yoo. 1997, The sectional
analysis of auto-body panel stamping process

Computers &

forming analysis of

plastic explicit finite element

and three-dimensional shape composition, Kore-
an Society of precision Engineering, Vol. 14,
No. 9, pp.101-107.

N. M. Wang and B. Budiansky, 1978, Analysis
of Sheet Metal Stamping by a Finite Element
Method, Journal of Applied Mechanics, Vol. 45,
73-82.

8)

D. W. Jung, 2002, Analysis of Free Forging of
Cylindrical Billets by Using Finite Element
Method, The Korean Committee Ocean for
Resources and Engineering, Vol. 16, No. 6,
pp.49-54.

D. W Jung, D. Y. Yang, D. G. Ahn, 1993,
Contrast
element analysis method for simulation of sheet
fall Confe-

rences of the Korean Society of Mechanical

studv  of implicit, explicit finte

-metal forming process, Annual

Engineers, pp.o72-376.

10) W. C. Moss, 1984, On the Computational Sig-

nificance of the Strain Space Formulation of
Plasticity Theory, Int. J. Num. Met. Engr., vol.
20, pp.1703-1709.

1) R. D. Cook, Malkus, D.S., Plesha, ME, 1989,

Concepts and Applications of Finite Element
Analysis, 3rd ed., Wiely, pp 367-381.

12} J. O. Hallquist, 1983, Theoretical Manual for

DYNA3D, Lawrence Livermore Laboratory.

13) M. A. Mevers, (G. Ravichandran, 1997. Lectures

on Dynamic Behavior of Materials, University
of Califorma, San Diego. No. 1, pp.3~10.



	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 본론
	2.1 외연적 유한요소 수식화
	2.2 집중 질량 행렬
	2.3 외연적 시간적 분법
	2.4 접촉 처리
	2.5 시간 중분의 안정 한계

	Ⅲ. 성형해석결과
	3.1 첫 번째 중공관 해석
	3.2 두 번째 중관관 해석

	Ⅳ. 결론 및 고찰
	참고문헌



