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Abstract
Process design is one of the most important fields in metal forming, where the
finite element method has appeared a useful method for industrial applications. In
this study, a program using the rigid plastic finite element has been developed for
preform design in three-dimensional plastic deformation. The surface integration
for calculation of the friction between die and workpiece has been implemented
with care in numerical treatment. The developed program is applied to a precision

coining process for designing an optimal punch.

1.4 &

HZ 247E G S5 Ay ST 3378 RE AL ARNEY x4
B3t FA wet N2 FF REY F87 FF5sT o FIYF 24T E 9
277 E3xdo. 28y oA AA dFAME ol T AEL A7 A=
B AR E AXT Ut WY HAFHY BEF L F£AH4 Z2ade sjuz
ojglgt @79 o &g FEH T FXFH HHWPESo Bo] AFHYL oJ=F
HEHQ o] FEAEYHA FFHALLPAYY), 53] FF2LHE FH9 e v
3 2 HEY §FAHC Fon Iy FAT FRE AT F U] 259 A4
7t& EA9 Ao 7+ da Alg=Ez ot

Hayes[1] 5ol o3 vt&dxde neldtx] & F24 82 Yo] Ngoz
LA Leet Kobayashil2]E 3 WY (matrix method) & ©] &% ZF42A 38
2 FHE FE3den, FAgR A HgEHZALE naer] Ysto BazkA
%9 (lagrange multiplier)& =<9t} Zienkiwicz[3]E a8 R $3d o3 v g
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AzAe ddE /M3y 93t ¥ (penalty function)F E=YFHA FFLA
T4 33t o}

Ag 4 odd F¢ F¥84Ee BE AFAEY 9 FYde AL AFIA
o, B3] 2471F9 2EFH EHo2RY oprjigE TAHNES HASY] A 49
7FA] 71 Eo] ®o] si2E v}t Osakada®t Kobayashil45]5<2 Z2HG99 S A3
719 €& 7N23¥ev, Chen#} Kobayashil6]= F @AM vld§He wifo] 3tz
Wate FAEL #ZAsr] f3td Fuvnggzol g o AVAERFE £Ydd
nAAAZAL ALdte 71HE ALEdY. £ Oh(7le AsHoz 2IEERE
AN 71'4E /1233, Rebelo®t Kobayashil8l: 18|31 FAAAWAYH A
@& FAlo] mBste 49934 A (heat-balance equation)s] FXAE 7[H& MY
39}, 18]l Kang, Kim 2 Kobayashi[9]E A YEME HAH7 9% 4337]
W (backward tracing technique)& A3 £ F8_E A A8 dFe=
A% EAAE HAdN/ s B2 AT7A1011]1ELS FAATA 71 'H(remeshing
technique)€ =¢8td 54PN Ho) A LAY HI2dE 3AY FFLLYPL 9]
2% dYNA SEAHAYEAY HMd P AF[12~15]E %3 APHH3 Q. o
o 3x19 {Farde] My A TP FAE 9 g5 AEE o &
AFNHE 289 HE AAYAAZ Yol 2134 ABRLE 33Y 8¥& R
A 4 e WYe AASHY, B QA Yo FYPEALE 7HeEA WA

2.349 A2 882 £43%

2549749 NNo} A(Ho|Y, A 3 AEHI YE FAAYY 334 7
A4 FEoAYd A oj&y £33 FAL ov] dy UdA AH16]

a2y =& BE37] 9% EY Y5 (penalty function) K& =134, 244
Ago d@ 13 AE ¥EgsE g3 2o

3 = LE&‘E av + Kfvs'vae'v av - fsfiﬁui dsS =0 2.1)

714 0=V3/2 (0505) 2, €=V2/3 (€)% oy VALY, fix FAYH, u

B SEAE, g JYE £5 £,.& A3 Y EsEon

Euodos 2z A4 FYH 2AAlolY vl NHE Hstd, vhAdAA
o ZYHBALE AY Ho|Hg Hsta FANY AFYE AT &Y He A
gan.

_ 2 -1 |¥l Vi
= -mk xtan (- ) o (2.2)

A7l me WHEASE, kE 249 AGYELEY, v, FPol T 2A9 Bd
&% uot veol HlEo o1F L FFolt
YutHQ FTA FUZ FHEL AAY, P& =9H voll tig HlH8 WA
g}
AY) = K(X, & €)v - F(x, v) = 0 (2.3)
7|4 K %A 3 A(stiffness matrix), F& ¥ ¥ (load vector), XE AAAE
Welolth, B AFAME FTec: 2 #AFAM 334 8EF SUAax

(hexahedral element)& A3ttt 2(2.3)% Newton-Raphsond&HE ©]831] &
g a0, 271&548 2 QN2 (direct iteration method)& ©] &3t} T}

-174 -



3. tolo] HAS AAXPA

3.1 "ol9 FA

32+ Ao telE EAEZ] M, B AFME U BHL RS AHZE A
d(panel)& A3 olm & sde u HAH HEo JHAGoT HE 33y B
FolA 1 Hde 97 AHAA ek o] Hdel NE uy WHe] FEgoz B
B 42 YAH¥E(normal vector)2 BAHA W, 13w o] YMHEHZRY 1 Hd
& TS FARAAL FaAED ol WAYHYL ol 2AFHY HEA
& F3ed ol & HX Y, HAHAYEE tholgt Ao HEA HAAZAEL A=
gﬁ%ﬂoﬁlu}. oleld HMIdE W 2P 3 3349 A tolg HEAEA

Fig.12 3x¢ 374 $4x% & tholgide agoln], ne mjde HAdAEES
UErdt) gde] Py

Ax+By+Cz+D=0 (3.1
Z BAHRA 3, ojuf PHME n=(ABC)E xyz% JEOZ HAE oL} 1

dol yAHME ne acd bde HEFoz mAs| A,

n =ac x bd (3.2)

o 7] A,
ac=(xs-x1)i+(ys-y)i+(z3-z0k
B_ci=(X4“X2)Ai+(y'4—y'2)3+(Z4-Z2)/l<\:
I 3de] gdoe 83 AEE B tYsd A4 DE FFHeEA I #Hd
< X@ste Hd HAANE F3A "t

32 gojst 249 HEF EA
ol Ao HEL o)A dANA T3 Ao AHI rjolgte] AYEEE o
23l AAje] Aol tolg HILEA & ANFTE AME T3, o] ANUFES
Ao FHL tolo} HEZIAAED
AA, ANFE AE T YREEH AMEIZ 3z ADFE At F AUSE
g AxAEYY o]FAHE AEHEZ HAFYE & o
Ax=Vrelx X At
Ay =Vrely X At (3.3
Az=Vrel, X At
& 7]A Vrely, Vrely, Vrel, & thols} A9 AU&s, AteE 37 F3tax e
uzj o] AIZtFE FoliL, Ax, Ay, Aze FUSEo] o3 AiHde JHFAEQ olF A
Z2AM, AA &x HAHY olgAEE UeElHE AL oYtk oA @A AAFHY
HEE (Xa, Yo,z L ¥F Fd&Tole N2 7M4HQ AAAHe HE
(Xa’, Va', 2a") & G237 Fr}
Xo' = Xat+AX
Vo' = ya+ Ay (3.4
Za' = Za +Az
o] RFEo] tholgde] FEHUTT sA/UE, o] FEFL FHdo YA
QA gt o] FE -G WAL 3.1 thYdte AtE 73 e o)
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Aux+B (Uy’Vd) +Cu;
D+Axa*+Bya+Cza (35)

A7 M uy Uy, u e olA A AAEHY £xoli voE thole £E2A y
HEw 2% toldde XHste FAWAYY Agelt d7A T AtHE
NBZEOZ st b dAle A HES tholg HAE ZAA o

oluf AAE AZFZEUo] o® Ao AHo] thelo] HEHJEAE ARk
&, £ ol tho] Hdd] HEHUEASE Uofortrt. B AT e ol 2A
w0 2 ‘WY (area comparison scheme)$ AAFHTH VHHLPL fold
o2 AlZtguidel WA LA & HAF o] Hde v BAHE A%t A7)
= yie Az &2 vty AAAHe tholdd HEARE ZAI}E Yol
t}. Fig2e o] wye 23 A48 tojdd &A% E 23 PHe e
aolth, Fig2 oA dholdldel dH& A sz, 249 EF et #de o &
ANAe A A7E ul MY AAEE AT AL Ag Az, A 2, Fig2(a)s 2
A a7t ddeAd "old QLR F EFste A %o, Fig2b)e A o7t Hd9
9 FuAe] AT Hde v QlE AFEA A AL Ay As, A8l ¥
2ot 2k Fig20)E A7t A Az As, A9 &3 dXste 392 A a7h Aol
AE2HUSE L JehllEe a2doln.

33 do] - 24 HEZAAAY BAxA

Ao Aol tholg HE3A B FEAYIA EAYHL FAHY HBE
Boe FAYL, £5k +A4gez FHYT. AGAFTAN e A9 F¥o
)3t &7 A =7 (mixed boundary condition)& ¥ 3t7] MM = (x,y,2)8 AYF
ATAS x'y2)d ANREAZ AL Forgrh Figde AAFEANAN AA
A2 Wae Uebd 2otk 334 FEANN AxAFYI L o5 Ao

At=-

X X
vi=Tly (3.6)
z z
o 71 A,
cos9 sinB 0
T=|-sinBcosd cosBcosd sind
sinBsin® - cosBsind cosd

Edgoz 2z A5 tolg adeld npRRe 229 AEoz AN
SER=8
2

—nﬂ<7;tan“‘(—leL)-—Xi— N dS (3.7)

Se Uo R.I ,-|

714 N& ¥A¥4(shape function)3 Zolt}.

(37)& A7 95 Figd oA Bxo] & wgoz 549 ARXHE 7HAE 7t
9~ o]Z(Gauss quadrature)d #& Algagch 829 W& VT2 33 ol 9
A o] tholot FH3w wagg AMSAT Figd oA ne tlolsh A HEUA
o] = wE oy, s ¥ t¥ ¥ A3 HFA(natural coordinate system)©] t}.

4. 391 d(coining)F AN A E

2 dpo: Awy zzagez AxF So7ke o Fof(aperture) qYF
Rz AA g odee AuYE ZoldIA AAA HEIAS AREL B2
S B(CRT) A== o] A=A (electronic beam)& W&E3E FFLE 271438 HA
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Gt T4 BEoz TAHCA At 2F olHFol: YoM o 078 A&
AEERE AA AAHAAZT lon AAA Ax 22F Fo17] 913 10 umo)
o FAxrt aFEHE QAAHY 24D YR Folg,

Fig5& ols o JYTAHF 7I1& FoldTAHY M E Yeld agolt} o] i %
Mol Zo|YFHol 27H, T moYFIE HF ¥ 025 mm HE 7Y
& FoFE HoY(piercing) THE A€ Figha)s 13 FoYFHE a7 AHd
49 FYFE 712 04 mm, 06 mm o FHEL F& 13 N YFAL AW ©i
olt}. Fig.5(b)el 1xtzeld3 A} Fighlo)d 22 FolYFAL AA Figsd)dF &L
HF 22 Yo JETHE AL

71& HoldFTAHY A %L MAgeE AAE] A8, Mgy TraPgoes 33
4 A EHIAES YAt Fig6d 13 ZolPYFAH 24 :o|YFH Al&HE ¢
ol Zt7 12709 IR TS TE AR 271AR A2dL vEld 2ol
AlgdelAE A FAZRAL do3 2o
9 _ £ 0235
Y, = 1" 0051

0O tolg} AfAto]e] uid A4 @ m=0.1

g7l oE FESE, You 27 $EEHoln e FEAMY oI

Fig72 71&9 1&4 Fold 3L Al EdolAd AAolt) Fig9a)e Fig79] A&
ol dolA FF7H UgE vetd el 7H upgFo] 2y|FYe] Egolx
7HE tFol 12 :o|YFTAH Fo HF 7o mgolrh oy c-c¥PoE FYol
=& ¥A4sEA 2A AaHAE B 4 Ak ol e FHL 23 IZo|dFA
¥ Figh(d)9] A%t & 7Eo] AAHT, olaigd F#EL 23 Hol4 FAF HFT A
T Aoz GAE tsAol B 238 oy T YAl E/YIYH a-a
MEgog 8 FE8Y 2x Zold HAAA FHY I& FYRELE YojgE A
o] uiFAY Aoz AHFHU

2ol FAZFANNY 7Y RFAGE AA9 o] YEEEe WA AP B
A7t YA RO B Figd@el b-b¥Roz 713 We AU Axmz
Ty 24REoz BE A4 £52 RAFTL Yo oldF He 2aAHd cc
deoz BE 249 5L FUAYL aaWPo o] P4 FEIES 27
799 5 $ARATY. Fig8e 3% 27] 799 gz 13 Woj4e ¥,
Rg 27 2ARHA 14 o] IFHE ABHIAT B9 1otk Figdb)e
2 79 WHESS RAFT A AE, 1% MRBL £ 27 FHel =
Folx JHg 4FEL 12 FolY FAHF HF TP EYeltt 79 Fo] a-aW
oz YAANLH FHAM FHY I7AY =277t Figla)d 7I1E€FTH BHuk
ZolA &L B Ut Fig.l02 Fig89 1x Fold FAF 2x Fo|dFAH A&
old ZFoltt. HF ol 23 FojY W73 025mmete] EFLE AFPQUe AF
AEE AT U

5.4 g

A7 ME 349 #44 U84 ZSE UHRon, Yse fodE o
3 2.

(D 3349 Yol helg EAISY] 8l Wl BFEL AL A2y Ade A8
o,

(@) Thelsk 249 H2e ARHE PPo WHuLEL AN A

@ tolst 2AEA Y HBHALL abe] UL J1Zo2 57 FRHE 7}
AE 7hex o]FHEE W

@ AeE =2 okwFold YYF =mold FHUA HEs 3P A4
+g s o

O 44 g8 :
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(normal vector y”
of the panel) .
y

(normal to
die surface)

n

a [+
(x1{yl,z1) b_d! (x3,v3.23)

b (x2.y2.22) x

Figl A die panel represented by rec- Fig.3 Transformation from global coor-
tangular element dinate system to local coordinate
system

9 —Contlact Node
® -Free Node
X ~Integration Point

DIE-WORKPIECE
BOUNDARY SURFACE

(a) J\

Detail Drawing for Element Surface
in Contact with the Boundary Surface

v s-constant
Normal to Die Surface

J3-Point Contact Case
t-coanstant

(b)
d ‘V‘ c
Az /
Ar Ap
a b

Fig.4 Surface integration over the die-
workpiece interface

(c)

Fig.2 Area comparison scheme
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| S— (a) (b)

(c) l’-p./;‘

(d) (c)
Fig5 The current process sequence of Fig6 Die configuration and the initial
piercing and coining mesh system

(7
7
\Y

= 1111]] 1
NSS7 e
\
R A S
\

(a) (b

Fig.7 The 1st coining 3D simulation [I]
(a)initial, (b)stroke=50%, (c)stroke=100%
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(b)
Fig.8 The 1st coining 3D simulation [II]

(a)initial, (b)stroke=50, (c)stroke=100%

{(a) (b)
Fig.9 Progressive hole configuration during the 1st coining operation
(a)simulation [I], (b)simulation [II]

0.25
0.19

(a) (b) (c)

Fig.10 The 2nd coining simulation and progressive hole configuration
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