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NOMENCLATURE

n : Work - hardening Exponent

E : Elastic modulus or Young’s modulus [GPal
YS : Yield Strength [N/mn’]

TS : Tensile Strength [N/mn?]

El : Elongation [%]

R : Anisotropy coefficient

FLD : Forming Limit Diagram

DE : Dynamic Explicit

SE : Static Explicit

SI : Static Implicit

FCC : Face-Centered Cubic lattice structure
BCC : Body-Centered Cubic lattice structure
HCP : Close Packed Hexagonal lattice structure
p - Poisson’s ratio

R : Anisotropy Coefficient



SUMMARY

Sheet metal forming method is to make various forms of products by using
Sheet metal. In economical aspect, we can produce a large scale of product
with low cost as the loose of raw material is considerably minor and required
time to produce is rather short, and in a view of products, it has excellent
intensity considering it's weight and the feature of surface is superior. Thus
sheet metal forming method is widely applied in manufacturing vehicles,
airplanes, and in electrical parts, etc.

Sheet metal forming method, however, consists of various and complicated
process including drawing, bending, stretching and trimming, etc. using sheet
metal. Therefore, during the forming, various types of problems like crack,
wrinkling and spring back, etc. depend on the material’s mechanical
characteristic and forming condition. To make excellent quality products
without these types of physical defects, a reasonable design for process is
essential.

General methods to decide process variables is to do in an empirical way
personally. But this method is very inefficient because it must get through
lots of processes of trial and error. Due to the development of computer,
recently, analysis of the forming process with numerical method became
possible. In reality, computerized software for forming analysis is available
and widely utilized in the industnal field.

The characteristic of magnesium alloy is the most light in utility metal, the
effect of electromagnetic wave interception, excellent specific strength and
absorptiveness of vibration. Although magnesium alloy with above

characteristic is a subject matter which is suitable in world-wide tendency of



electrical component frame, sheet magnesium alloy is difficult to process.
Therefore, forming analysis of sheet magnesium alloy and applying
warm-working to process are indispensable. Among Finite Element Methods,
the static implicit finite element method is applied effectively to analyze sheet
magnesium alloy stamping process.

In the way of static implicit analysis, there are one-step analysis method
and incremental analysis method. But in order to apply to the production
process which is requiring considerably short lead time, the one-step analysis
needs to be used in advance. One-step analysis is rather low in its’
accuracy. But because the analysis time is so short, it has an advantage to
find out the design and process variables in early stage to provide the
direction of process.

Meanwhile, the incremental method guarantees the high accuracy through
the process of sequential analysis. However, its processing time is
significantly slow compared to the one-step method. Therefore, It is the most
efficient to use both incremental method and one-step method in the
industrial field.

In this study, it was focused on the crack, wrinkling and spring back on
the stamping of magnesium alloy sheet by using the static implicit analysis.
According to this study, the results of simulation will give engineers good
informations to access the forming technique on sheet magnesium alloy. And
its application is being increased especially in the production of electrical

component case for using of the magnesium alloy.
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1. 1 g9 e

uly 24 43 (sheet metal forming method)ol &, &4 AAE oY 2
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AW &7 7)|A, BE g A5 AAAMREE FAAEFY] Aols R F
e E o ol2y|7tx| FiF APEololA ol&HojAn Y. 2 Yol o
% 2% AYHe AT 3¢ ZW JHE R 5L AUsS FFLEN A
o] Hojun AY YAFLR & F A FHol A[1~3]

utyt 24 A8 =2 Y(drawing), & (bending), =E & A (stretching) R
2% (trimming) 59 G¥an B¢ FHo2 o|FA g7l HEd 4% A
Aol 71AA A wet el W(crack), FE(wrinkling), £ FFEF 59 0¥
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Z2 A Hgste dAolH, olAzA I E AT AR IH[7]

lavle 3 ALFE F MF MR $4% ASEFEH AL, ¥
He A1 Qo Aol 2xo] thE X5 A= B EF ABLA0l
Holym Ao sl ZFaid, AAs A4 9 FHS AR Ao 58] A
A aF Aol A AFeAY, 71EHeg FELAE AR Al A=
Row A glon, AL FL FEAFE AV FF WA A
Holuoh, A9 Az WA AELS COPPER ¥ CARBONS 3/ PAINT=
®d Aastd Axn AL Agsn gou ole B3 A 349 F
7l olyg Ax &7 HojR 7] fEo Az ZAd Fgo] WF RS A
oz 4#Ad gt vl F29 EFEL 4D w7 "@Ed AAs A
3= A @uld sizte AeE A JdoH ol FARH dFHA 2
Ao gAdT A2 AA S DA ta BAe] nxHL JE HE #UP
g9 aladg 3ol /HE M & FHeletn dddn

A AAHdoz shdet, FUAE, =EX AFH T AFLS 3 £ B 7
&9l AR Aol o 3 7t $n trlssE FAdstn e FAolt A
= g2y AAAZY Aolak ZTgary Fe dFFFoE Hol Ao AR
t2u)y FF AEL FA Ao A7 don FgagHe shuey A9
Ao} sh&o] td Ado] stk Arst EHaE, dFvEY A AE 5
& tolsage] gsuZ 23 74Fo] Hasy AzD e &7t Ao 2
27) Yo AT F57F Holun 4434 F 7 e wtavle 8L
ARAE Aolxel AAA FAd AZ HAFH LAl A7 JHAT FELE
thi fodn.

A vladls FF & 7hEeE e dolslade] dEHeltt. 2y ¥

24 Jyde dolAadd HE 74FFY aA &do] 1 FHEATEe]
fol we slhdoz g@AMe] st5atn AF FAAME FAC v Fxt
=3 W EAol $43 FHol vl WEd mtavlg FF JteEe wuw
Aygor Az AAE oS d4dd

A FoME AFAK0], F& HAE o83t I F¥ AFS ¥

o= uyg 2£& AYPWNL © 2 9(drawing), & ¥(bending), 2= E # A (stretching)



2 £33 (trimming) 59 Tz EFHY FAHLE olFolA A HIFA &
A9 7AH 4R 2 48 2P0 we BA(crack), F&(wrinkling) R 34F
g 2A S0 B oW AHEPFS SN W AxPlo] Y Wi v
& §29 4A0E 228 12 7186 oggel doh B vfavls 52

Ao A 7HEol o@7] wEel

y BE=E

40

AAALE o|d}, A& o¥og 71ds

of AYsts 240EM)I7HE BHY 2hE BEE ASTHeEN THEHE A

A A #n, AFAAEG Fdo] £ AEL AL & AT ok Vo
Table 1& Fu) A3 Acl2g cholAA" W ww 34 HYRoz 43

e o, AR BFE, FA, F/1F9 "aA, A7t T vad Aot

Table 1. Example of cellular phone

. . | Defect : Post .
Productivity Thickness Boss . Unit cost
rate working
Die I licabl 12000 KRW
| 3 Units/Min | 30~50% | ~0 > | Available | Necessary :
casting below 1 m /Unit
Sheet Applicable t 7000 KRW
metal |12 Units/Min 1% ——— Unavailable | Unnecessary .
. 0.3 m /Unit
forming




a7

rr

AF-YAH AZTE oS Auto-Forme A&t @ 713 2 A
ol ulavlg FERAE FUAS Aol29 dAE sved Aolxe FFo=
A8sl= Ad 8] Incremental'}d 3 One-step¥ S 3l F383ldq I3
Mg Agstn AA AdERY AAY Fgel AL F e F8F BR9Y
=3 A4 Ad@Fd &) 2oz a1 AFHY AR BHIFES HFE
2 g 2 FAHY BPozE AuHeg AY dojwrt ¥ FoHs
Alolxd 3l YA H NAF AFFE T AP s} H¥re FRE
X AAez 4 dolxrt ¥ dXg shue Aol A I3
A A ANAF AFE stz .

SF#eAHALY Fo HAFTEAYH dEHOFE ALEHE Incremental’d
W Ay e 4PTAL 29 A7E Wl AA dAA N The By
ozM AAZ @AM olFojxa Yt ZHL FHL AEH|AeE QY
o] T2 & W TYS{E BAY H, #F, F5A EF, GAFAY FH,
Hygold 5 FUAZE ZF dos) B 5 Jdon 4 siA 9 AAE d3E
AL 4 e W$ AT Wiold. 2y AAATe] ®o] A BHE
A3 glo] &2 f=EY(lead time)E 83 MAAFTAHA AEErlde H3
&= Zairh oA Faatd, FEas Ao oA 4F ML AFH A
A A (product and process design) E¢tel HEEFHo|n A3 zgH o2 F3 5o
A=, Incremental®dell & APAA L a2 AMNAZS g AFHA At
@A (production stage)®] &4 %4 3} (trouble shooting process)oll Al 1 ==
gutgt AHE 7HAGFER EH[8~10] WA IncrementaldH S EAH S N
M3tazt 2" One-stepdS gy A(reverse)d ol 23 & o] 7153}
o HEHQ AFYAl hal AP WAE HHoZ A awe] ARE
HE Yoz 9 nqsd HAARE EYs= & (solver)olth thAl TN
HAE AF) Ao 2REY BPad ozt d¢d NS AP & GAW
o2 A WIddn MR FRAAFE FAHY] Wi FHF AFE S



71 AgAT A4 Azto] w$ AL F3eol Uk EF One-StepTHE
o] g3te Joz AFY XVIGA, & AFHY olH zVEPAY FFE
dag £ dxn 7] E9aE AR dvd UFol F7HE (trimming) &2
= v g3 Ag " F o, Age fFidol LA Hol HA 9
#Fol AA 2, FA E¥/ 744 ¥E AFE 2& 7 dH(11~12]
AR AQERANAN AYANE FF AdA 2 TS ZY A,
Incremental'} ol One-step¥d F ol 71X HdEgitoz s 34 Az
Hgzats 5 A & 548 2A4sE 44 ¥d. 237 dEd B 479
vl FF SAol disiA APsAE APFE  Incremental'dd
One-step}d, © F 7kx & BEF AMEAch 234 Fo=2R 44 4 &
FAE AGEE oA One-step¥H e AMNZAFAE X s3ML =
7l @AM A 2 FTEEFE AANA Wit 2=t (lead time)S E°l
3, AFo FFEst & IncrementaldH e HHAFAE FHA try-outSA
A 2854 ved 38 £33 ARE Y F UAS FAeE wddo o
Table 2= F A3} Aol2d tha)A One-step'BF Incremental’P o2 HF
Mg £ o, Ao dale ALE vwstd YERN Aol

Y

e

oft

Table 2. Example of cellular phone

Cellular Digital
phone Comparison camera Comparison
case case
One-ste.:p 42.8 sec 91.7 sec
Analysis
Approx. Approx.
58.9 times 62 times
Incremental 2520.6 sec 5683.7sec
Analysis (42 mins) (1 h 34 mins)
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2.1 MY 3y 2xEHO0

U453 vy g 2458 ol&sld dste FAY AFES A7) f¥AME
s Ao e AA7AE B £ thol(die), A (punch), 181 EFAEY

(blank holder)$ 9 # A7t 9gsic. WAdY7tE 3L Fd(bending), AF
A 8 (stretching), ¥ =2 % (deep drawing), ¥ (shearing), BE °|E9 =¥ o
2 olFolAr} win Ay FTAL CAD & F¥FAHA, CAM A% 371
Z, Eglojo} & (try-out), 3 e ZHAlo] o]2717bA] computer system?] =& 2
2 234 5837 53 APHa glon B, HZdE FAVIANA
£ FAest 2A FAH 7 AT SHAAN B3 4=V HF FAH
ek olgA Al Ade F&FT AF A F AAselE 2753, ARA
T 28 A AJQPFAAE AEE7 GAR olF HA 2RI to] FHo]
22 A7) 98 APl A% dHolgulo]2E ol §AY, S A UM
2dg A=A Yol9 knowhowol ZAE try and errordgol &8 J= B
7} gon o= Be Az} vlgo] £8"T) olEg EAE A} HMA
= AARQ #H4 HHe =298 IARTEY] 4P I3 AHFeEA
ANPRe e Folx B} AFH T HAAE e Aol BRsith[13~14]

19704 ) olF tidd XA W (numerical method)el &3 E5£4F T4
Aol AEHYEH o5 F #4324 (Finite Element Method)o] oH& ¥4
of wls) EHAA Ao} 7} st AAGE FRE AT 3o ol
3 2L A77 A9 A7 A AAHSE LS-DYNA3D, PAM-STAMP,
ABAQUS/Explicit, RADIOSSS 3 #& t¥d 48 T2 o] sigdo] A&
1 ok FEeA e o &d FEAYH e dFT WPl AHHT A7)
o e AAEe FEA, A ARHAN M2 FuHe #AE AYx
t}[15]



&g AA AA-WAH(static implicit) FEF FTH-9444
(dynamic explicit) *#de) Qed AF-Ndd Wde s FALErt o v
Ay FALSFE $AA B3 A9 don B ALY Azte] adY. &
W EH-9dd WL P4 HE ojFo] ¥ F Aot A Bl Hs &
9] FA =7} Boj¥H[16]

guid oz wRAHPTAHAL FAYH(quasi-static)H Ao 2N FFY A7 @
HEFE BAY & g, o5 Al &7 HAsA Al FFA AP,
= 9ojx AFEH AH-UIdH(static implicit, S, FH -2 (dynamic
explicit, DE), 281 & 2-¢]d A (static explicit, SE) ¥ Fo] 2olx Jl&H],
B dPAE 243 234 7HF e AA-UAFH B 48 LZES
ol Auto-Form& AH&-3tgth W3 (implicit) AZEAIZX 2929 Kubil
247t Hee Auto-Form A€ ATESAE FH9 dF AFA AN 2
olm 9led, WAA Wi s EFsn £ A/ SEANL, 5¥E 2
st wutgsol AFHF HAMELE AF A2 A3 A4 (adaptive
automatic mesh generation)7]1&& A7lsted 433 FE3) Gt el 4IP3
Hqe & 4 9= A4S 7Ax Uvh(17] Fig. 12 Auto-Form® Incremental'¥
oA 2dey @ FFEAY 48 dehdz ded, AAAREH el =g,
HA 9 ol

-

VAY
v

Fig. 1 Example of sheet metal forming process (Incremental method)



2. 2 48N A=

248 Y e YGlipolds Asjol me dde HFoz A4 T 5 Uth

§ % dade] Ad H9E Tat: AU, $Y¥E P £FY B 9

¥ =2 a4y e 1 B4 PG Y AN AAE BN £¥Hel

o) Aolth ZHoA A4 WFPe AnbHA WYL A9 £YY olg3 =

EYG 2L BetA 42 ZAgol N2 wnAA st A, &30 dA

2 2784 =Y £90] dojdtt gAY, £PL AdSHol A
AXNE 2A8A HEH £YEL wE dojute A4 HHAE T@H18]

AgolEol BAY AR WA} BFFo 2 & YAGlip system)eh
sk 29 ST Z(close packed hexagonal lattice structure; hep) &%l
AN Ee dx BEE ZE FU9F WA AW (000N <1120>Fo] A=
Bl 28 wikoln, d& Zo] Zn, Cd, Mg, Codl Joix £¥¢& (0001)F 2
oM <1120>Wgoz dojdt} zALAAATEE SA9FAA T & A AY
3 349 <1120>8FE 7HANER 3719 &£RATE EART. o9 2ol EHAVL
A7 QB 27 §PAATze] AAFL B9 JEH] Adn *& J4S |
B} Th (18]

w 4] 914} 2} 2} 7 Z (face—centered cubic lattice structure; fco)dlXE € HEl
(111}, €9 WFe <11>WFolt. BAPLAATF2E BAA4A T F 84
(111)4do] Yoy, uFErE d9L M2 FYPsioz FHAALS 47001 7111}
He 3709 <110>%Fe TFsT ek FE FAY). 237 P&, d4d
AuARTFEE 12719 €94 #=r8]

%) A 9] 1t A 2} 7 Z (body -centered cubic lattice structure; bec)e BAHA A
Tz 2289 A4R72AY 2Y F27} ohdth 287 BEd, 448 FR
Fze (1IDAFH 2YLALTZ000DAY 2o HA dx7t AsA
o] ity AMAJWARTES FF50A &Y {1104,{112),{123}FAA Lot
A &9 wae 4 [111ggol. 1A Hed F £d9AE 4844 H



EYPdo] BAARAATxE Fo] 2SR gonz &S Uo7 AHA
Rt & A §o] stajAor 18]

ole F&L 27l Fvletd AL £YA ol £dANAN &¥ol dof
g} o2 9, AlS 2204 {1108l £¥e] dojuin], Mg 225T ol%
ol 4 {1011}9] SEvi=dalAM &£Ho] F2 dojdrh £HHL LA W3
HaE &P A 43 g4 dAsH.18)

2o A9, vladige AATERE FUASHAATRE AAAFHATE
U A AzT2E e 245480 veA slip systemo] 7] wEd o
Aoz AFeoAde] AA/FAHL g vmo s 227t F7bsE vk
vl 42 slip system¢] 4350l & £2488& Yehdly] dE, slip system
o] A3 HE 2507300°C 2o 2xA 7HFsE 27EN ol 4uby ol
o, AT B AFdA ALY 4PN £2ZEH ] Auto-Form &2
o) AP L sl £3718 o Ed AFHAE AAEA #7] HE
7N1Ee A7 AR%E EQ2 A4l /MY FL& ez I 250°CAN 9
ot §29 A8 BEAXNE 244 dEANS AYsA

ARE wadle &7 FdA AZ31E AHE Stk vtavisd s #otst
= oy 71X 92 FA gEHoE AEHR e Al Zne v 3% W
MPANEE BE L Aol IYANE Hole AFH Htdiold. &F7
¥ A7bEo] 9% 2L BEI} S5l FxE8o2 AEHT, 3% FES
Aol $4ate] HALoz ALHY, 6% FFL 1 FAHY 54 87
He 252 ALHT e RS F A ok 53] 3%FIwHol 4A F
BAYFo 2 71EH LT YE AL o FTEA AdAMT Y ¥ 44
Fol HAEA 7] HEolHt.[19]



m. 4334 d3 2 31F(Cellular phone case)

oA AEFH®EC] One-stepF'Hol}t Incremental¥d sugtoz = 4 A
23 AEEE FAO BwEAY F vk 237 "WEel F HA s ¥
o F#so} st=H 4 One-step¥P9 S APy T4 27 QA
A AAESE} 38 HF e Ak stv 339 FAF try-out FAAME Al
b3} v £ 017 YA Incremental’$Hel o3 A HFHY HAAE A
£330 3t wEkd B A7 A= One-step'd & Incrementaldoll &7 AL
M St 4P FA 95, HIFAE T EAHE FHAM AA
Ae] AAo S8 ARE ATHFL EE, One-step$H 3} Incremental’$d S
A% Bl 234 One-stepPde A FolA 7H¢ =7 & A{ERE

o i

E dFdNE Fudst Aolxg dxg sielet Aol F shA FA] o
HH ARHH S stg ey FUAZ} Aol~E phonel 2, A4 Fivlet Aolx
¥ cameraZ EAIBGT AsE vtade 3 F 940 ¢ AZIIBE Al
g3lgen Ao FAE 05m, ttRASFE 012 o AFHHS s

Auto-Forme 22449 H4E3AHL sty 713 o) AP 4 ol
Brlsstr] g Aol NF Fodm #AAHE 250°C 2HAHAA S A=
B2XE AL AFAHAH S A3 Table 3& £¥AZE 843857 A%
3 200°CeF 2 248 dol YeldE 250°C, 28] 300°CAAM 9 As &4
xolH, Fig. 2& Ao 2188 250°CoAM Y ntadlg FE(AZ31B)Y A
& EA X2 material generatore] Y3t A= ol
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Table 3. Material properties

Anisotropy coefficient

Modulus |[Poisson’s| Work- | Strength
of ratio |hardening lcoefficien
°C elasticity exponent RO) | R(45) | ROO)
E(GPa) v n K(MPa)
200 22.7 0.35 0.168 232 1.469 | 2.134 | 1.224
250 20.9 0.34 0.131 150 1.053 | 1.732 | 1.682
300 14.9 0.34 0.098 111 0.898 | 1.171 | 0.891

Fig. 2 Input of material properties (250°C)
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3-1. Hox3 Holae H¥3A Z2t(One-step method)

AA T2 AFFAAME A thol, uield, AX e Fxel A FFo
A8t} x| One-Stepd & HiAE 5 B3 09 /Mdo]l §17] dE
o olgt Aga (el FAAEH F&HFEH0] viIE ¢4F el ALge] &
th 7&4E FR X freeHl, FAF T Fo7 locked¥H, FHY T&
AE 12 23, 7% 28 30%Y W9 103, 46%Y Wl 1045, 60%d e
106, 75%Q wWel 0757t AH&E s One-stepd@ el HHE FHAM B4
2N AT B4 27 g3 P disiA £4& s

One-step}d 9 A8A 22X} AYFAE £¥o AFdA HHd FFoly
toloj1@e] sl YXE HPAH ¥E BE Table 40 HEHHAY.

Table 4. Formability distribution table

3-1-1. Formability 4|
formability X E 9Z¢ B PN RE EF9 FE/AS THE AZER

FEA Loz A4 FAo YIHE /MFHLE d4A #UE + YA &
Zol 4Y4L B dEAHY Hyelt
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 /\ / \/\4
v v

(a) Restraint conditions = free (b) Restraint conditions = r0.3

= g
I — VAV T — VAV
v \
(c) Restraint conditions = r0.45 (d) Restraint conditions = r0.6
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* vAv _zzh uv

(e) Restraint conditions = r0.75 (f) Restraint conditions = locked

Fig. 3 Formability distribution (view-1)

Fig. 39 (a)dlx 2d FuiAs} Aolxe 34& A FEo=2 FESA=T,
o] QARVS A 2EHH 71F A dolvte FF F¥E B ¥
AdAee] EWX) FEL CE FE3AT. Fig. 3914 restraint conditions7}
freed o, &2 glo] 247 FE3 FU=D A7 HE AAHS2 HA
& A3 Holx ¥m Jou CEEAME F59 LAl 4"l restraint
conditionsgtel F71&4E BREANM HFY LAl AstHEM 1 492 F
x| BB ¥87tn Adoh. Wl restraint conditionsgkol FIHETE LA
&9o) ARFEA E3t7] R0 freed W FAFYD CHEA FE FAo
250 lockedd W &3 HolA ¢eth IR ARES  restraint
conditions@o] Z7l#42 =Mooz RHolE safed WAL Tt AHPAol
FolA ASS ¢ F Ut
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L. N
“wy \ /\ 4
4 v
(a) Restraint conditions = free (b) Restraint conditions = r0.3
L. L.
“wy wv
4 v
(c) Restraint conditions = r0.45 (d) Restraint conditions = 10.6
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T

L

r

\/\J \/\J
v v

(e) Restraint conditions = r0.75 (f) Restraint conditions = locked

Fig. 4 Formability distribution (view-2)

Fig. 4= Fig. 3014 AHE A3 e A¥Yd £X9 ZAAES 1 WA
AW R Ao|t} wpA7AZ restraint conditionsgte]l F71EFEF BRES FHL
Z gAe 2ol Az glon CRENMY FEI #Ha, AFEANAN 4BA
o] FolAlx YL #2F 4 o AL restraint conditions?t r0.3°1 A4 10.6
o] 714 A¥Aol Fohn & & YNW 1 H¥E WolA IncrementalT P 2
o} vwa) B o AHA A= F2ES £ 5 I
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3-1-2. Forming limit diagram ¥4

438 $A%(forming limit diagram)¥ #Ae F R ¥ WY& HE AN
FIAA sero] dojutE @A F L B HYPEL FAHAQ F R 7 WIES
Aol Vel Aoz JPFA FH AddRd glew spdo] dof
g QoW dAstiE AL gudt 4y TAEE MEL U
8 A Aol oA AYPdolkd HriETE de oj&HR UG F, F
oA Mgl tatd A 2 ARE FYA ty-outE T3 FAY 4 FE
o F @ B HPEL AY FAL Aol FASAE 23} HaFOEZA P9
s Y dolde Bk & & Ak F, 43 A JhesE 4F0l
)Yt ojm7t Ach Fehe fFo] 2 AfoE 3% HA % A 2AS
At 2ReRE #do] 7% & dt 4¥ GAE Urololr @tk B
A Ay FA AY ARG w9 2 Ao 4Y SGAE Folx Bn
3o 539 HrE AHEEE Aol vy & A o|nh[20]

o
B ¥
g st
5t
&+
g(ﬁ; : ;-(.:;l : ;-C.Z s ‘.—I'..l’ : —040‘ ;0.1; ; AOZR ;;0.3; : ;0.4 %f_‘; i l—(3l : l-CZA : ‘—dl . -0.0‘ ;D.‘A * D.Z; * Al?l‘!ii * ;0.4
Minor strain Minor strain
Forming Limit Diagram (True strains) Forming Limit Diagram (True strains)
Formabiii Formabil
- eseseeaenn VAV e Seseessssenn VAV
v v
(a) Restraint conditions = free (b) Restraint conditions = r0.3

_17_



10

08

06

Maé tres
[lld

02

ol P - i riu FE id i Q A i3 i1 rir Aido i PO
Zp4 -03 -02 -01 -00 0.1 0z 03 0.4 a2 -0 0.0 0.1 0.2 03 0.4
Minor strain Minor strain
Forming Limit Diagram (True strains) Forming Limit Diagram (True strains)

e VAY VAV
v v

(¢) Restraint conditions = 10.45 (d) Restraint conditions = r0.6

<oz o Fo@F o) o 03 Y S G S a0 e oa o4
Minor strain Minor strain
Forming Limit Diagram (True strains) Forming Limit Diagram (True strains)

\ /\ 4 \ /\ 4
v v

(e) Restraint conditions = r0.75 (f) Restraint conditions = locked

Fig. 5 Forming limit diagram
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Fig. 59141 B9 restraint conditions7} freed wWel W@ Eo] 4P FA S
SgRo) F2 9xsn AYEA M) AdRd A HA, =& HAY 7}
=40] FL Weo By 12 Hes 2SR £} restraint conditionsgk
o] Z7} &4 RPN FPYoT Rolx FEI YL FF3 Foe, A
A Bedog Rol: HAY Ao Hojun I Nk A L3 Az 3o
thet oJ7) 4 Eo]3 AL restraint conditionsgtol F7F TFE HLYoE RHol
= HAY W ot Yo o 2EFe] Asdn Y I oli=
restraint conditionsg@tol &7t 52 A9 ol F¥EHA &1 wN Z
Yol F 9 B Wgge vyt AT FAo) YA T Y7 HELE AZH
A Y JAE EXE GolA ATE AP P} A BA den 2
A% WoNE wl@7tA R Incremental$y o] iAo} vagosn 713
E}3A ¥ restraint conditions7t A¥E 4 Yt

3-1-3. Blank form ¥4

Auto-Form®) One-step3i4]-2 @1# ~(reverse)'doll &l& n&34o] 71530,
o gz AFAHA AF F4d d& A4 dAE Fhdes A 2
do] A7e AZ PPoz o WAy AN ARE =&dd. 217 dE
12 A A z7] 43 P4L d3¥ & Q= Fig. 6& 7 restraint
conditionsol W& 27] EP3A FA L& BAFI Jr}.
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(a) Restraint conditions = free (b) Restraint conditions = r0.3

(c) Restraint conditions = 10.45 (d) Restraint conditions = r0.6

_20_



(e) Restraint conditions = 10.75 (f) Restraint conditions = locked

Fig. 6 Optimum blank form

Fig. 6o14 X2 restraint conditionsgt©] freed ®, 7] E3d3 Hio] A
o] o} E}IZ ] 717t} AW restraint conditions@el F7HEHH EW=ae] A
A Z7E FAdAA HA AFQ IAF vxAAR de Bl do. gvt
restraint conditionsgt©] locked’} =@ 07537 ¥l L o £} FAE2
adz fAHRAT 2 277 i oAl HedH, 249 FYol &3] AR
A 23 locked A= HAY sHeAol &7 WEo2 339 A77F AR
tx Bgdt 38 27 BRI YL AA AFY FA A LAY FHE
Ar2 433 234 o2 YA E 2 5 AE WES AJER
AZdAT Hzeo ¢4AE VAE HF 27| 293 P02 24 7EE FHeok
3 ol A ¥ &9 FUIE JMALE @HE AV Wi 3F AP IR
HAgare Fert gon Ao o] RE Ui AFHQA AFE FAH
& ot}
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3-2. {O=3 Hol22 MEH A &I (Incremental method)

Jo N E AFHAE0l, Incremental'¥FL A3 A|7to] e H&E GHol
AT AP A7} HAEE One-stepFol Hl3 o+F ¥ Incremental
e Bag AES 749, FF ¥ ¥4 Aoy #AY FAZ FHE B
&S ANAYZ A% £ Aok AA FFY ¥, F=, =2 Y(drawing), YZE
2} o] 7 (restriking), E & ™ (trimming), = ¥ (flanging), =X% (spring back)
59 713 3AL aUZ AEHoA & 5 o

One-step o] 14 AFAE 27 Incremental$H e HANAA= 39
Ago) JAHozRE AHHOR oF ol WE HAY AAE ALY &M
el RneFa ok of e AMAANM FiAs Aol HA stroke’} 50
mn ©] .

Table 5= Incremental}'de] A¥A 2N3 APIAT £49 ZIANA 3
Mg Ao} tholojael stgtol AT APAH £X FE YEd Aol

Table 5. Formability distribution table

3-2-1. Formability ¥4

Incremental'}Fol A A8A EXE 439 o] AHAA AHoR o
S50 e Zk dAA A AP BaFa dok. HA stroke 50mmol A
Hme =29 FAHol Buxm FIAAM AES nIAW F F&d dHA
Fig. 7 Fig. 84 vely sl
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Z

@i
4 Lj

Fomutty
e '#' \ N\ 4

(a) Stroke = 45mm (b) After spring back
Fig. 7 Formability distribution (view-1)
L L.
Formability [- Formabifity [-]
\ /\ 4 \ /\ 4
v v
(a) Stroke = 45 mm (b) After spring back

Fig. 8 Formability distribution (view-2)
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Fig. 7& Incremental'#ol o1& 484 X & Fig. 82 Fig. 73 & 43
#HA o) AFE e WA ANE AW, P4 {XEE AR, 2EHH
Po] dojub Ao =ue B, P49 sHAAe e FAA] FES CE TE
3t} Fig. 7914 A 8ol APsE 5U49 AF9 Y, =29 3] EUx
2y AZS AW Hol A spring back ¥ AF FA7AHA R
(b)e] BREAALE W ¥ AT HAY 7hsAel Bolw 53] DF 2
= BEg gPol HAstd FHo] wrt o]d AS A2AY FUAES FHAT
SN L EolAY te] MAE ZE AA ¥ UeVt A EF CHFES
ZAR) RBE FE9 H4o] daszn gtk e ZxQl Fig. 81X Rot:
2AE 2o A9 2T AA = 6, 2 FAA REA F
2o A J5HL 9% 4 Uk AP ¥ One-stepol g 34 A7
restraint conditions”} r0.3914 r0.60] A&Ao] 713 ol Holgtn w3 =T
Incremental¥ ol o] & #1423}, restraint conditions?} 0.3 we| Az} 73
HxEgE ¢ & Ao

3-2-2. Thickness variation rate ¥4

A Wse PEXE 4¥4e Avni sl PRz, Y34 E¥AY
|14Ho2 HAT 78, ddolge 9o nE A%E GEA F4
b agets A £X9 472 ANE 4 vk 1237 g 4¥Y B¥n
9 £¢ A%HQ ABES 4L 5 Aok Table 6& F7 Wshe 24| Azl
A A4 Bae) shee] 9AE, FAsh 422 el FA) Ase Folth

A
fle

o

By
My
>

|

o
e

Table 6. Thickness lapse rate table

-0.30 Thinnin — 0.10

-9. 24 -P.1% -$.19 -, 07 -9 .01 e.04

_24_



’ 5

o4

v v

(a) Stroke = 45 mm (b) After spring back

Fig. 9 Thickness lapse rate (view-1)

Y

ks

¥

ks

N v

(c) Stroke = 45 mm (d) After spring back

Fig. 10 Thickness variation rate (view-2)
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=7 Wslee YolA AHE formability 2 e AHE JPY F F e
a%7) q o) uj&3 AFS Holn Yt} Fig. 99 Fig. 10429 stroke7}
7l g52 g shgAdE ETAA BEAME FA7 Eolvx 7] #WE
29 7h5Aol guE AL ¢ F don Ao mAgd FLHoE Hols
nyo 7} gkolA 1 gt 3] Fig. 99 (b)ollA R AR ENA FHEF
Ao| HAste] Fo] ¥ REL gL AFAH $E9 uhviAE ¢ £ 4.
z9 AEdoz 29 Fig. 99 AREL FAZA7 833 749 20%< 0.1
m FoIA -013molA -0.19mo) EEA EFo] HAF A, 1 Z =N
BRo SA7 iz Agol £ 422 F et v E¥ Fig. 99
(D)oH B BREE FA #Wage] Fo| 001-0049) EAstE FHEH ol
ANujH oz Ho|7] WEd FA Wizt A Qlon wWEA 24 WPl B
712 gFetA Aol BFae AL ¥ & Sloh Fig. 102 Fig. 9% 2&
Mo Axng e FFglA RogFa .

N OlN

3-2-3. Forming limit diagram ¥4

(k3
al

s 0X
t 1

015 020
T

Major strain

!!.1[]

g1
gc.a. oz ;‘—6.1; -0.0 o oz ‘0.3 0.4 g:c.g o4 -oa : oz —c'l.: - —o.c)i o oz 09 “-‘;.4
Minor strain Minor strain
Forming Limit Disgram (True strains) Forming Limit Diagram (True strains)
VAV VAY
v v
(a) Stroke = 45 mm (b) After spring back

Fig. 11 Forming limit diagram
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FoAs Aolx9 HYa#HA 9 forming limit diagram¥4jolXE One-step¥
W7 Incrementaldg 9] AA7L A H&T FFE Roln ot ©rl One-step
# Aol = restraint conditions®] F712 A B9 Wl 2Hol RHA
7] W2o EZe A7 AujA ez BolXut Incremental el AT FF Y
A3 E Fig, 11014 B HLdo2 nol: HAY 4L I 73] vus
A B APEA A Yol FAsn glom FE WA =oiuA
spring back ©l%9 ©AZA F/gE Heli Utk One-step'$y 4
Incremental®} 9] A¥A E¥xo] vlHoA One-stepPBH 9 restraint conditions
7} 1039 W9 ZA#A7} Incrementald§ o] ZAFet 7HF F 4t B3
=4, spARAE APIALE EX9 vwdME 1 A/ 2E5E U
forming limit diagram¥®41& FaA 434 F3o JFHANA BHIA F59
HAACE AGHoz gA A8 + AU

3-2-4. 439 ¥4
Aye BN Azl ©E A¥"L YA Add FuUlAs) Aol H¢

o= AA stroke’} 50mn°] 3 Fig. 1291 RA 7}2ZFL process times M 2=

€ forming force©lt}.
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15000

L.l 20 die
--re ik gl 20_punch
7l 20_binder

10000

5000

Force
0

-5000

-10000

-15000

i ' i i i i ; ; i i i ; i i L
(a) 10 20 30 40 50
Process time

Fig. 12 Forming force

Fig. 12914 & 4 dxo] AAl 44 oA & d7E& H&37] A=
A 15 TONS @2 g3o] 2L & & Jon 1 o= AR & vy
7} wre 2} stroked] WiF dtEC] dAME & 71 A

3-2-5. Skid line ¥4

skid lineol& A&o] B AE A2 + Y& FYE Bste AU skid
line 24 utd F& APolA o}F Fad RES AX . Justd wa F
& Aol gL FHE 7hed suz Ad¥ol U™ 23 shEel d8 el
A9 SAEd si7te FEjrt s AL FE 5 e, 4%l ¢ A
skid lineol A719 23 7480l 87HH ol AAMe Frist AZAH7] HEol
t}. Fig. 132 FuAst Ao2E 7132 o BZ + Y& skid lined FEE Y
el gl
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(a) Front side

(b) Flank

Fig. 13 Skid line

Fig. 13914 ()9 3d3} (b)) Zdel Az BEAG AF F9& KA HY
skid lineo] A3tz Stk 237 ol AA A @FANMEe @A WA F
9 7Zte F1$AY BYPAE told FY3y) Holl FEHE nEA =XY F
AE FEFA 7 Basio

s
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3-2-6. Spring back ¥4

spring backol@ A7t FAH ez AYPS AL Fo ddFo] AA HAM &
A el $o] AH By FUE FA87) fsM @Az AUHAAM T4
e A4S w3t =29 @ HE R o] E REAA F2 B,
AYHoz g B Fel(back)Z BAA T 2o webd ¢F AP (go)
T #A g

Fig. 14 spring backg #x¢ 4zZ=2 Jellz glo Fig. 158 AFY ©
W Fzha2 UFolA spring backe FA4E YRR AdedH 2 Fol ¢
Z FEIIE g7 dEd 5 FdsiA BaFan .

Table 7& spring back £4¢ ZAadA AN Y9 sdo] X7, spring
back®] ¥& X 472 vehd Fojoh

Table 7. Spring back distribution table

-0 22 Displacement in normal dir [mm 027

—6.88 -8.01 9.86 8.13
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VAV
v

0.1

Fig. 14 Form comparison after spring back

AA A AAo)A 3] L3t spring backelyt ol did X5 ALE7}F 205
me AL <AL w), Fig. 14014 BA iR &9 X457 +02m2 spring back
o] wtajo] wH|ES & F Stk
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Fig. 15 Section comparison after spring back

Fig. 159] spring back @@ HiE BH, o& S0 AZ EAE BRI B
e Moz RHol: Byl 9@ AF Aoy Co o] =Moot A
Mol A8 Fo] ¥yg FAolth AFAT Fo PYAo| A YEA AT A
HA B3 T H3g EXoA Bgt%ol A siAztE] FAX FEAA
z2 w3 tjEo] spring backel 2 Aoz ddrt. oA AFHKol
t o) A spring back®] Aol {eteg TRV oHr] wiEd 5 &
A BogFa gl
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3-3 AIAE A

AEHANL vpx HFA N skid line, A F 3, spring back ¥4 9 A
At T FLE &£ YE AL ARE EYE ANAFS AR 4
A4 Ao B3AHAS HFsHAC

(a) Die part (b) Punch part

Fig. 16 Mold shape

Fig. 162 AAE AFE A4 339 F4Ad (= 439 33 oo
olg], (b)e 38 ¥ AXAdH, FohAs Aclxe vny g I
Fol7] HEo ¥ wA FHoz FPPrk 277t M wtalE
g Ayl AF 2N stdsger, #E&FE A EXE H
AE3HE JP A
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Fig. 17 Trial product

Fig. 17¢ 499 Fo143 Aojxe Y4ad §hoz notx AF o
Aol 789 FFEFL TAAX Gk vhadlF ABo= FohAH A
olag Awts BozA nlaus ¥ wAC dE 4YAF UL ¥R
2 AAES AR BozM 1 BHIAS FFT & AN oA FEe
Mgoz gldoz Rgay] WEd 4P ogol disHE OAd 7
Wet Aclzel d AFANTH AAEARS FhFnA B
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V. 4834 47 2 33 (Digital camera case)

AR AGd@FAN AEL ALsr) g ALE AFS LA FEel
el 2 oAl dHeolelE FuatA Hed vtavle e Zo] 422
247EAe EAZ AdA FAE Fdolyd Aol ¥5F Ao AA
889 e A3d & g FAV 248G 237 gEed & dFeMe
nayg §2ez dAE shde Aoz AP EMF AAF ARl A
AhH oz g FAe FoAst Aolxd A FPHMH AAF AFE
sggosd JyA T Ad AT 2F& 4E F AT 23T FEH
AAe Egg AdFoz 2zg 4o Y stdzt Alojxe disiA AbA
4y ANL AP AAE ARL TN ANAFA B Az
stk sA e FuAst Aol2st FU3A One-step¥™dF Incremental'dd
< AYPHA 27 vAGNA A $H B3 A FYFAY DANA A
P2 2 Zoln AANE ART 5 U WHE Fopok & Ao|th

4-1. C]Xe 7tqe} AHolAel MEA ZH(One-step method)

ol#} Table 8 One-step'd e A8A 24, JHFAE A9 AFAdA 3
A Aol t}ojo] 13 9] slcto] 93 AEAH B BHE el o gl

Table 8. Formability distribution table
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4-1-1. Formability ¥4

fxg Jve Aolxe A$ FAE Aolxe mAJIAZ  restraint
conditions®] W& AP EXZ B 4 v} restraint conditionst free, r).3,

10.45, 10.6, 10.75, locked2 ¥ =] 3}

s
\/\4 \/\{
v \ 4
(a) Restraint conditions = free (b) Restraint conditions = 0.3
Ja ' U '
\ /\ 4 \ /\ 4
v v
(c) Restraint conditions = r0.45 (d) Restraint conditions = r0.6
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.

VAV EEmmm—" s iSSe—— VAV
v v
(e) Restraint conditions = r0.75 (f) Restraint conditions = locked

Fig. 18 Formability distribution (view-1)

One-stepd ol A Fuldslt Aoj29 7% restraint conditions?} freed ™,
A9 S9e] 437 QEA EFL AF wo|x Astrh A% Fig. 189
(@)% X9 restraint conditions7} free = B33 AY-EAA B 754
o] Bolx qltt. ol YAE vzt Aolart FrlAstel ulsM BEFE Pyol
7] 2oz wogdnt 237 wEd ol ¥ AL FAEe A FAANA
o] %ol Wasirt 223 restraint conditions7t F7eel wel BEpHMom H
ol F29 dwalo] ZAZY BeMog nole HAY rHsAol FisteH,
3] restraint conditions7} 0.6d WEE ZEH o] A LojvE BFEIA
Qo wio] FA3] AsE] locked7tA AMjHoZ YEYL J&E & F
9lth. restraint conditions@tel WE AN BEXE BHYS o, FuAs AHolx
o} vl&aA 2 ol 0301y 10457 M F& BEAE YEHIY. restraint
conditions”} freed WE 039 WRo AL steAdL HAAR AFY AL
A AAt 283 HoluA @7 "o FAol EZ3 wiEd APl F
g1 #Ag3rE oldd.
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-

 /\ / \ /\/
v A
(a) Restraint conditions = free (b) Restraint conditions = r0.3

L
\ /\ \/\4
v v
(c) Restraint conditions = r0.45 (d) Restraint conditions = 10.6
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\ /\/ \ /\
\ v
(e) Restraint conditions = r0.75 (f) Restraint conditions = locked

Fig. 19 Formability distribution (view-2)

Fig. 195 One-stepd & 58 Foidst #Aolze HIAH £XE veix
9l=dl Fig. 187 thE WaoA 2 Aol uAJIAE restraint conditions”}
ZNE5E 380 A EHAY HAe] AujHor AFdY. FUAS Aol
29 AYHNHE B0l One-stepF ol ¥ HAZA3E Incremental’d
ol o3 s AT B HAlY FET UF 4 BAZ AL AA
o 7WAe HHE o8ttt 137 Wi AAHoZ RTZE One-step'$Y ol
A A7 FHE7} IncrementalFHET BojAon #9d ¢ gl
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4-1-2. Forming limit diagram ¥4

Forming Limit Diagram (True strains) Forming Limit Diagram (True strains)

VAV VAV
v v

(a) Restraint conditions = free (b) Restraint conditions = 10.3

16

14

12

10

Major strain
a8

04

0z

Y IS

Zoe -06 ‘B2 oz oo o . S3s 04 —63 82z <01 -00 o1 oz o e
Minor strain Minor strain
Forming Limit Diagram (True strains) Forming Limit Diagram (True strains)

VAY VAV
v v

(c) Restraint conditions = r0.45 (d) Restraint conditions = r0.6
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Major strain

Major strain

354 83 oz o1 oo o ‘0z o8 o
Minor strain
Forming Limit Disgram (True strains)

F or-d!llﬁ v ‘v Foﬂl&'i v ‘v
v v

Minor strain

Forming Limit Diagram (True strains)

(e) Restraint conditions = r0.75 (f) Restraint conditions = locked

Fig. 20 Forming limit diagram

Fig. 209] AP FAE BAoAM H¥YAQ X9 wA7FA 2 restraint conditions
7t Z7t @4E Hedoz Bolk A9 99L& FH3 Eojvn Jen FF
o] 99 restraint conditionsgte] 06 XA Fo]E7] Al&dtA lockedol M
= AE Jehdx g 23 g9 2] ALy F¥XE Holtst restraint

conditions®) Z7l2 A& 2 WUt FolAn WEst 2UMNAA AT A
(minor strain=0.0)° 7}7}9A 2 Qg0 AFEH A
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4-1-3. Blank form ¥4}

L L
(a) Restraint conditions = free (b) Restraint conditions = r0.3
L. L
(c) Restraint conditions = r0.45 (d) Restraint conditions = r0.6
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(e) Restraint conditions = r0.75 (f) Restraint conditions = locked

Fig. 21 Optimum blank form

Fig. 219 AA9 27 43 F4 vnoA 2¥ g side Ao=7t ®
A3 Aolxo vlF] Aoz BRI Fgo]7] wWlF restraint conditions
of @2 %) 2939 Aol A3 @A Aok restraint conditions”t F
NE5E 27 B3 AL FF AFY AR R ofF FAY FHE
Boln ¢lon, restraint conditions®] Z712 A& AA FYol A=Y WHE
of Be#zo) A7t FopA L Utk restraint conditionse] F7HE A A9
BHA ol Fitste A¥A EXo AAZ vFo AAHRY, restraint
conditions® Z7be= 249 #4L JAs, 249 solds I @
2o HAAe %7] B9 AL restraint conditions®] F7t2 AW HA =
ol #ad 5 Ut
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4-2. C|X|d 712} HolA2] ME A A2 (Incremental method)

dol = AFHA%0] IncrementalH'q L restraint conditionsd] @& HF AF
of & #M HAE RAFE Ao] ol stroked] WE |HAe JY HAE
waFa 9t 0Ag st AlolAe F$= HF stroke?t 100mmol™, 3l
A AFEL 1ol A 3 #AQ spring back ¥ AP dAAE &I
4 9lth. Table 9% Incremental'}HolA AHA Aot AFFALE £49 4
el A HAE Aoy tholojae stde] AXT HFE EE 28 YEHI
Aoltt,

Table 9. Formability distribution table

4-2-1. Formability ¥4

— {.
VAV L /\ 4
v v
(a) Stroke = 80 mm (b) Stroke = 90 mm
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|
- L

VAV s s Slesas—— VAV
v v
(c) Stroke = 100 mm (d) After spring back

Fig. 22 Formability distribution

Fig. 22014 B9 Incremental'}'fol <& A ¥s|a A3}, FoAs} Aolxgde
2g gAe sbsAoel ARHolm TaHoz HAse F EAZ YHUA 9
itk g 2 EAAL (D)9 A2 Jehd AFS SRR Aurt FEE =9
Uz gpolr AE Aol REsde A BR FAR AFY HAA E-
A BB FE9 71540 WA Roln oE Aot AT F&o| AstA
BHAE RAoz JAFE AN E EARTAS A AALD Aol A
AZSA dAdHE 2 ZAZE @ Aoz AVHA e v oY FF
EAHS nosjopat st Aol try-out GAGA ¥RRIG Y dHE O ¥
oAU 2A9 F&HL 37t AP F A& HE=9 Age] a7dET. agx
One-step}'d 9] s1A A Hol A restraint conditions7} r0.3¢14}t r0.457F ¥ Aol
743 olAdAolgtn HorstQET Incrementald ol ¥ A} restraint
conditions”} 03¢ wWe} A7 7HF vxEES & F U
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4-2-2. Thickness variation rate ¥4

Table 10& 57 W3g EXoA HAQ A9 stdo] A3, A2} F3
2 UEHd 7 938 Folth Fig. 232 tAd sive} Aolze] g FA &
3t B¥9 34 Aol

Table 10. Thickness lapse rate table

—0.30 Thinnin — 0.10

-8.24 -8.19 -8.18 -8. 087 -0 .01 o.04

i ?

— —
W A /\ 4 W AV
v v

(a) Stroke = 80 mm (b) Stroke = 90 mm
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& t.
v v

(c) Stroke = 100 mm (d) After spring back

Fig. 23 Thickness variation rate

= Wsee g AWME formabiityE ¥ e AZE F & F£ o
2%y g usg AFL Bz gtk Fig. 239 (dA RE stroke’t &
7} #42 c2 BAE 249 sHAztE] REAAE FAZ v Q7] WE
of 29 71540 JE AL 42 £ 3loH, B2 ZANE 249 2N
of BeMog RolE: REL SA7L grolAn Q17] Wl BP9 7Hedel 3
on go|Zzel ving A 2 2717 -013m olFete M, 23 1 W9
7t 472 & ded Qo Fo AEdes ¥d BE FAY 2AE FEd
N A AL B A9 F 20%E dA Rt -0.7mwe A -0.13mm0] 3ol
P¥T Jee FANE @ F doh 2@ AZ EAH AFY ARPeE F
A W Fo] 00170040 EAEE HFMo] AujHoz Hol7] WE
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4-2-3. Forming limit diagram ¥4
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Fig. 24 Forming limit diagram
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forming limit diagram®4 ol £ One-step'$d ¥ Incremental’yq o 237}
Ao w5 AgL Holm Yt FAME AFHAKCl One-step¥He BFT
restraint conditions®] 712 Q18] 449 fdol dAHT 2F7] WE HA
o] wAlo] o] w3Folx A% IncrementalHo 2 #HAE AL, Fig. 24
2 3y A¥Yo] APPYSFE Bedog Ro|E EHAY 9L 1 FrHEe] nly
A9k stroke’t 0mYd W, FE9 W7t FA8A Solvt™ spring back °lF
o) @AZA A3 7S Boln At AA FAHAME FEol A TAH
= gAEe ZAX 2Re EYY FZEL FHA AAL Aol== & FAE
ol7|stAE ¥ Ao dadr) wef o FE FAE Mot =
Agolatd try-outdAY B8 F3 dANA 2 FAL Aoy A
Bt ) 4 & FolAY H =9 AMge] a7HET
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4-2-4. 439 &4

Fig. 258 29 £A& 71E87] 9§ o], BA, vdr9] 438E Yex

Qd 7}2%& process time2 A 2% & forming force® YERH ot

|—=- 10_die
—r 10__punch
—> 10_binder

5000 10000 15000 20000 25000

Force

!

~15000 -10000 -5000

(u] 20 40 60 80 100
Process time

Fig. 25 Forming force

Fig. 25014 29l & 478 S84 AAZS ARsn 44 4 @A 3
287 SSAE A2 25 TONo| We Zedx §3o] Wage & 4 A 2
Jel H¥o] ARl wet wieltig AA B 3o BAAE & F
o.
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4-2-5. Skid line ¥4

(a) Front side

(b) Flank

Fig. 26 Skid line
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Fig. 269 (@)%} (b)& B AZ FAE AF &9 F & skid lined| LA
o] AR A8 F AF BF F Ut skid lined FohAZ Aolx9 ¢
o gpvlel AolzoA FLsA AR 1 olfE Zd= HI FE AF
2o ol AN stFel 93 Y Be A% HF doluy] HEoz
dodn. FoAs Aolxsh vhsbAE skid lineg Fldol WA a7 ANAE
Ax 9 HAE e EolAY &8 71$E WHE ATk @4

4-2-6. Spring back ¥4

Table 11& spring backZA A M@ A3e] stcko] X, spring back
3o x4 Mz Jetd Holt),

Table 11. Spring back distribution table

-0 22 Displacement in normal dir fmm 0.27

~8.1S5 —6.88 —»..
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Fig. 27 Form comparison after spring back

FAME AFHEC A4 4 BFANM AFSHE spring backolth Hol o
@ A4 JWEs} :05m AE AAWE W, Fig. 279 @ DIH 2& X
57h 01mel A 204m7tA ThFEA BEetn god, FEuAe) Asis oy

g ATo) TAR HEJME T XF7t +05molF HE REE Holn T
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Fig. 28 Section comparison after spring back

FUAS Aol o] vHwAH &3 FAAME spring backe]l & EA
ol7]5}x] @& Aoz JAEHAAT Fig. 289 dRE ezt Aojxe ABe<
Az g @ AE9 AT HPFY AFY A el AFT 2el7t AeH
spring back®] WAo] Setog FTEE) oJYr] wWE 5u] A BAFT
dth. E3] AR EAE ¥4 28 ¥ AN 2R, B2 EAE AF MR
A2 By FFoz AF ol FEHAA UYEt Yot spring backE F
o]7] AN E B39 P F/AAAY teld oANAES FTHIA
of &1 A A try-out AN spring backel & FAE op7Igttd #AY F
Ast Zejojdxe v g 2AsE 9 WLE FFdoF At

o
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V. AA A @349 3§

One-step$d & Incremental el <& HF3NA & vpxn x4 siHt A
oj2o] ANAMEL A&AE Bo2n 1 fNAHY g§IEE AFdnA @t

FoAs Aoz A HEe 27171EE AF X FEAAIL vpEHA
Fst7l WEo) AxUoist wiavlg §F BAd AT /43 &€& AH 7
daou dxg sde Alelae ALE AF FEHF =X AA% JMERAE
Mste] FA A 83}t

5-1 2% xqA IR MY} 2R =EFX

Fig. 29 60 TON velocity variable oil pressure press
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AurA el AZ310lU AZ617 ol AA7tEEo2 AHSHE g dadA
WP o] v HEE5Ee A BF AL, HEEEV =¥ | 250°C F
2o FAY WYAF #Ah ol A7) WEA HR 35 JPYYPeE
olavlg 2L 7HEE] Q8N E 239 7 £EE A F de Zd
27t Badri[19] £F 2 AdFdMEe 2WTEE A&}V M £33
o ddo]l WZE FH9 HEZE T Y3 E& Jste w4 AHs
Atk 237 AsME B9 71dE bR 833 ERdavt FE8 HE
& & JTE F99 A £EE AT F UE TH 29 HAAL FFFH0
. B AFE FLeod AAFS AFsy] 98AM ALt 32 U4 Aot
bt 239 3 £EE A &+ YE 60 TON £= 7Hi FEZTH2E
AR Fig. 292 A9 T2 Aol

Fig. 30 Automatic lubricating oil application equipment

AZo] AW + ¥ skid line2 vldol WX st AFF J¥S A8 2l
2yt 5457 dol $8F4E n2A =X + JdE FA7F ey Fig.
308 AFoz SYFE =X AFIE FNEZAN T A AR SAd 9
A A Z T



52 2YAH

AAES AFs7] g4 YL AR FoAs Aoz HiA &
A3 YArolr] Wi F 7aAY FAHLE o|FojA At A 132 LA=ZF
B Afd g4¢ AU, & 49BAE EFI2 AT F A = &
# 7} (blanking) & 3 2.2 Fig. 310l AUt

(a) 2/7 process (die part) (b) 2/7 process (punch part)
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(c) 3/7 process (die part) (d) 3/7 process (punch part)

(e) 4/7 process (die part) (f) 4/7 process (punch part)
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(g) 5/7 process (die part) (h) 5/7 process (punch part)

(i) 6/7 process (die part) (j) 6/7 process (punch part)
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(k) 7/7 process (die part) () 7/7 process (punch part)

Fig. 31 Mold shape

Fig. 31914 Al 234 L AA P35 to] $03 {YAA HALFLZ 4
Y5 =2 (drawing) 3R, Al 3RS BT 7HAAE & ddsties E
2 % (trimming), A 43L& AEY Holg F/MIIIE A=ZY(redawing) T A
olth. Al 53AF A 683 EW FAY FAIG Alojl= A FAHH A 7
AL 4L FoulE: oA (piercing) 3 Aol

5-3 JIAFX U A No| AlAH

28 250°C #2744 Adar] daME told B& tolst B E
of dHolut SEE WAste] ol F& thols BaAa Frle) BAA U
HEoz ootk I o4t A7 W@ Yehols] WE) Yl FUH
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7] Aol uigte] A& sislT @ wite] foldty] WE 2= FAT 4A @
. 287 i B dFE FaA AAFS AFs] AMA 539 IR
sgo] dXe WA BAste] FFozg A vavle FE £33 2=
g 250°C7HA AeA7le FAE ARsgd. Fig. 32& gy 448 WEd
T3¢ Fig. 332 €& Aojste HEEYHY Eaoldh

Fig. 32 Heating equipment

Fig. 33 Controller of the heating equipment
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Fig. 34 Trial product (camera)

Fig. 34914 $-4 §¢toz ngts o, AAFY RA FEd AL A
A gkgton AF9 &Y ol FFo] A ALE JAd4E AL FES
EYFTAL T3 AAHUY] B F5 EAE &UAHA Fov FAHo
2 39 AFAHE 2.
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Fig. 35 Measurement gage

Fig. 35 AAESL AFE 2487 A4 SAANAZA, AAFe] AAAA

Aee 2AANE FHN F4e AR AelAY B REAM HAF AA
£9 A48 245a BA7 982 Horstach et spring backs AES 9
REo) FYREH P 2R FRRA TaAc
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VI. 4&

E AFE ¥ AA42 Zd3dn AT 2 7Y oFes 9 #8H
A 25y JE wadE 3L 9w 3£ Aoz steddd oM A
AYAN e FPstn ARAFL Asted HAFA] BFEL FF80 LA
A @Al AU 3ol FELF F v FEF FRE AFsna dd.

TP JAdo|Ert & AEFL vE ALEy] RoEs Q¥ dolET ¥e K
A3 Aolxe) daN HFANE APsdn AAEFALE TAM Y34
AYr1&L BB Ho JPdolxst & tXE Ftet Aoz dsA 4
YHH S 3t AAZL AFs) BozH v g ES AU

1. One-step}8 7} Incremental'gol 23 AHPHM S 3 & A7, 43 39
AT g gAY} FE 3, FAWE JYIAE T 4F4E M
Aoz A dHdd F dU:, 27 AN AF A% TP HFS
sotstz FY5A dAdAY AP & AREH L TARY "z}
°] 7Rt

2. One-stepel o & 34 A=, HPJEMAA restraint conditions gt ]
Z71842 HAY 7540 F718t3, i FF9 tsAdd e A
AL FAo)] o] A Qlrh. ol restraint conditionsF e F7t
2 s 249 §Yol AAHA WEel2 FH¥E7}t & Incrementald
o] Axe v ZPAL u, restraint conditions?t 03¢ W Incremental’d 9
A7 9 7b3 2 4T

3. 489 242 B34 =2 £3(Z d4 15 TON, 25 TON)E 2ARE

AA L, skid lineFA L FAHAN &8FX HAoy to] wxFZe F3
59 ARE AAg FHA HEAD F AU
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4. Incrementald}4] A7 €A 71542 vyl 9 WA (flange) F91
A FEo Ao dAHAT HA FIAHY EY (rimming) THE T3 A
AE Aol7] o EAZE QA AOoZ BuHH AAFIAZH FHE T
A 1 BIFAEAE FFA

E d7e B2 FHox st 42 2HdAM APl vmr] g
o de &=HA E3tz e 9 vidle d80l dd 4FAEE HIHY
AAE ALY AAFY ARS T Lolrgtch AFE AAFE] Pl
S¢tog Rol®E FFFEd 2 olfe APA AN AFs dAY FH
of MPHAY] GEolw FuAds} Alojxst XY Fivet Aolx9 HladA
E @ 5 UKo Aol A1EE FAo] AFAAAZe] 21 B T
¥3d 2R FAo] opvst Aoz FHa g Aoy WEol #
et B dFolHE Incremental el <% A ZAzREH 438 AF
QARB BARRZ U HA =A, Spring backFEA 9] AFAe} AAF Z%
BB AA A5-E&AHL 53 vwrt ¥FHR Fheh FFo U] Ed™
ANAE zt BB thsA 243 spring back®] FAS 3 JFHY 27
g v £N& & Aot 234 M dA FFH 7es EYE Zn
B AEGG deNE F48 F A= d@ntavse 44 R 34, 7
=& MEdax go.

_66_



=
ﬂ¥-‘:
R
S
(ol

1] 354, Y ‘F=E2QoA darAE 1@ EJ3EIHLE 7ste A
Ad ", A5a3e3 £AtedI] =E3, pp.83-96, 19%.

[21 Yang, D. Y. Jung, D. W, Song, 1. S, Yoo, D. J. and Lee, J. H,
"Comparative investigation 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, 1995.

(3] Jung, D. W. and Lee, S. J., "The determination of initial blank shape by
using the one-step Finite Element Method and experimental verification”,
Journal of Materials Engineering and Performance, vol.9, No.2, pp.183-192,
April 2000.

[4] Jung, D. W., "Static-Explicit Finite Element Method and its Application to
Draw bead Process with Spring-back”, J. Materials Processing
Technology, vol.128, pp.292-301, August 2002.

[5] Jung, DW. and Lee, S.J., "Finite Element Analysis of Sheet Metal
Forming Processes by Using One-Step Finite Element Approach”,
AFDM’'9® International conference, Pusan, Korea, pp.523~528, September
1999.

6] 359, $94, 45, oA “FFLLAEL o] &3 g de ddiqy A
A5 2PAAN &8, dr1AHS FASGsdI =F3, pp.380-383,
1992.

[71 273, “A#3 275 vlades 4833 R FEARVE 538F,
‘FrtATF AR EHVNE5ERA A AR 2l vtade ¥F
YT L BEAZRVNE Eoke ATVI¥EA S3FTFERA HFRM
A, B8, 20063 449.

(8] A5, U9, “HP3NA & o] 43 ZEE deto A I Jide B

_67_



(9]

A", AT =3, A, A324, A10%, pp.890-896, 2008'.
Hyung-Hoon Ko, Dong-Won Jung, Hyun-Gil Ahn, Chan-Ho Lee, Byung
-1 Ahn, Won-Sub Moon, “A Study of Tool Planning for Forming
Analysis in REF SILL OTR-R/L Auto-Body Panel Stamping Process”,
Journal of the Korea Society of Precision Engineering, Vol.23, NO.3,
March 2006.

[10] AN, AEd, ¢HY, FL4, 292, “REF SILL OTR-R/L zA#d

[12]

[13]

[14]

[15]

[16]

[17]

¢ FANAM AYHHE T THMSA A} IA77, 2478
3 2004 FAFEU3 =73, ppl3d-141, FARFESE, 20049 10
4.[11] BAE4, oA, AAA, “2¢3 FH N One-Step Forming -+
¥4 34 (One-Step Forming Finite Element Analysis on a Stamping
Process)”, #5333 FAs&Ed3] =3, pp.119-124, 1998.
Dong-Won Jung, Hyung-Hoon Ko, "A Study of formability according
to Tailored Blank”, Bulletin of the Marine and Environmental
Research Institute, Vol.29, No.l, June 2005.

A5, 489, olsE, ‘4§ =29 TAA HAE A BT 4FA
AT, dFFHIIATEHINA, ATH, A2S, pp.61-65, 2003 54.

A, nYPE, o|W3, Y, T4, F5 Y, “One-Step Formings °l &
F Ry Yo BF AF°, FH2A7MFHI 20058 FATGEA
=F3, ppdl9-422, 7335t 2005 54.

Jung, D. W. and Yang, D. Y. "Step-wise combined implicit-explicit
finite-element simulation of autobody stamping processes”, J. Materials
Processing Technology, vol.83, pp.245-260, November, 1998.

Kyoung-Boo Yang. "Rigid-plastic Finite Element Analysis of Sheet Metal
Forming Process using Membrane, Shell and Continuum Elements”,
master’s thesis, Cheju national university, Korea, 2000, 6.

Dong-Won Jung, Hyun-Gil Ahn, "Second-Step Study of Analyzing
Roof Panel Using One-step Theory”, Journal of Research Institute of
Advanced Technology Cheju National University, Vol.15, No.1, 2004.

_68_



[18] G. E. Dieter, "g% Z X" Alo]duto|(3F ), pp.12-13, 1997. 02.
25.

[19] H. G. Joeng, S. Choi, K. H. Na, "Plastic Forming Technologies of
Magnesium Alloy”, Transactions of Materials Processing, Vol.14,
No.g, 20 05.

[20] 2%, ‘ARG &) AP-ol&3 AA", LEHMIt, pp.179-204, 1993.

[21]1 294, “2499%", Al29t=Z# 2, pp.1-28, 2003. 03. 10.

_69_



NERE

A ol REHAT o AL W EE FUOE FUW 2979 HA
¢ vhAd FUD. 24 FAL GADTL A3 T & gov o AL &
2 @90 Yoty Age ARE UET £E AT 1) AL YR
A BAEd 4 8o A FEBFYUT A 24 Hsotuw Y4
28 AutAE A7 AAE 2 Uz trher 1 Az &M A
29 44+ dA0T AZYUT. 25 $ARD B EEA o¥A 7
Abe} whgg AU
o =Eo AAHIAN HEF AdA £E A=} el AEH AN 7
23 A% o|Zo F4 5 A=R5UA FAE =Yt 4F BFoE
smy FE =EE AAH FAL 2AL @ FA AAN wEd, A4
ZEYAE ol ZAE =YD 2T AF FA RAAT A A% Az
@ AolE VAL AAFA A7A T5Y, HFA D5, AAY we vaz
Ae PolFA AW T4, el mEd AT FARI.

24 AFENH A AFoz FREl YA B2 ALY A-FuLE 53
getgel 2o dotad FYE =3, ATAD F7 WA, PP, PAA,
288, nEBA B whee A, HAoiPel Yow E oA ol 9l
Aol TAl wg 29A @4 ARSE fAss 9B o FAY miEULh

425334 AFARE 1 gk AAY, AL, VREH FyE
ASE, Wt AEE AAAE 2ASAA Lucs T AGUT. T 9
£ susy d7E9 ol8g R=d ankg weg Astn AW ods F
2 vige, 0B A4 AANA HHE tes BEoE A=A Azl 9
Qod FAG

2dzt Al AN FA Pol Holz FAWNAE mute wheH viE, 2
P31 e AP

£4 97, 9204 RYE B3} A2 AN FHE e PR
Zoz A7t 1R EAST AFeE BEYA o EEL wAUL 34 F ¥
o ABFHAZ viete, MAFFANE AFRT HLF =Asd 2 3ol B
et AE

NP oo

_70_



\AN— UNIV€

N

v

<

-

w

) J
1952




	Ⅰ. 서론
	1.1 연구의 개요
	1.2 연구의 목적

	Ⅱ. 성형 해석
	2.1 성형 해석 소프트웨어
	2.2 성형해석 재료

	Ⅲ. 성형해석 결과 및 고찰(Cellular phone case)
	3-1. 휴대전화 케이스의 성형해석 결과(One-step method)
	3-1-1. Formability 분석
	3-1-2. Forming limit diagram 분석
	3-1-3. Blank form 분석

	3-2. 휴대전화 케이스의 성형해석 결과(Incremental method)
	3-2-1. Formability 분석
	3-2-2. Thickness variation rate 분석
	3-2-3. Forming limit diagram 분석
	3-2-4. 성형력 분석
	3-2-5. Skid line 분석
	3-2-6. Spring back 분석

	3-3 시제품 제작

	Ⅳ. 성형해석 결과 및 고찰(Digital camera case)
	4-1. 디지털 카메라 케이스의 성형해석 결과(One step method)
	4-1-1. Formability 분석
	4-1-2. Forming limit diagram 분석
	4-1-3. Blank form 분석

	4-2. 디지털 카메라 케이스의 성형해석 결과(Incremental method)
	4-2-1. Formability 분석
	4-2-2. Thickness variation rate 분석
	4-2-3. Forming limit diagram 분석
	4-2-4. 성형력 분석
	4-2-5. Skid line 분석
	4-2-6. Spring back 분석


	Ⅴ. 실제 산업 현장에의 적용
	5-1 최적 프레스 장치 선정과 윤활유 도포 장치
	5-2 금형제작
	5-3 가열장치 및 열 제어 시스템
	5-4 시제품 제작

	Ⅵ. 결론
	Ⅶ. 참고문헌


