creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

2022 24

T

A}

LN
| N

o] 2|48}

=]
el

1}

st
5}

71AE



Ax) wo] HAstE]l xFLL
U-2% 2PAA0 Tt A7

A Study on the Design of Dies with the Reduced Spring

L

Back for a U-Bending Die of Automotive

2022 23 258

ZHMED (et
JIAH Sk

Collection @ chosun



T&

A}

LN
| N

o z|A43te

=]
el

==l 2 A&

%0

<
or
e

or

20219 104

ot
ol

E
ol

T
Kd

Collection @ chosun



o0
KH

ol

ol
IH
A
Ok
ir

xr

ol
Al

KO
k)

30
Al
iol

<+
E

E
ol

d
K

ke

KO
oF)
oF

(=)
&

S

Ep

(=)
&

S

20219 12¢€

ot
ol

E
ol

T
Kd

Collection @ chosun



LIST OF TABLES :cceeeeeeeeeceeanntneetteitunnniiiieeceenns iv
LIST OF FIGURES :ccccceeeeeeeesseectutntniiiiieccicannnnn. iv
ABSTRAQCT cevvveerreecrennnseetetttuniiiiiteittiiiiieeeee vii
;q] 1 x(;— }\1% ......................................... 1
A 1A AT A D QA e 1
1 ﬂ'—fL HH%] ................................................ 1

2. ﬁ:rLg] -‘Q,Q._/‘j ................................................ 2

3. AL B QT cevernei e 4

X‘" 2 71% ﬂ-'-?- E.Z;'l 1;_2 Hg-lﬁ ................................... 5
1 ﬂ'—fL E_X_-l' ................................................ 5

2 ﬁ:rL Ho]—lﬂ ................................................ 6
A3 A oA BAY 2 ANE FFe 5
B BIZ HFH ceeeeerereerereieeeeiii 7

1. §38 A AL B3 EAR FHAD oo, 7

2 T,‘f'__;q]@! 'H@ Ho]‘]g ..................................................... 9
oANE F8Y A 2E2AE 2At] FA NG oo 10

U. 78 2823 HAAWH ( Upper cam punch ¢ Lowe Punch

9| GapZ:Z‘:ﬂ ) ............................................................. 11

Th, F = ZEZ T A ccoreerrriiiine 12

2}. Upper cam punch ¢} Lowe Punch ¢ R A ZE WZH ---eoveee 14

Collection @ chosun



A 2 A T]E O]JE e 17

Al 1 A ARATFF coeevrrrneree 17
1. 24 7FF (Plastic working) O] & «ceeoeevreerreiiiiii.. 17
2. S B (SHress) «oooovvrererrr et 18
3. B3 (Deformation) «««----wwreeroreressoeresiiireaiiit 19
4. 7F2 7 BH(Work hardening) «------+e--sveeesrveeereemneeaiieainn, 19
5. Al &7 3H(Age hardening) -----eeeeveeerreeeiinneinine e 19
A2 A ZTHA ZHY B G EX i, 20
T = -~ -3 < - 20
=~ - [ 20
3. ZH A TFTY FFE W EA 21
4, THATE A ZFTFA cevvevvevnnnnnnniii 22
A 3 A 2238 9 A FFHY o]F oeiveeinnnnnn 22
A 1A FE(Bending) 7} T veeeerereeeeree e 22
1. Z3) HFAl O] EF coeerriiiiiii 22
2. T ] BB ceeeeeiii e 24
3. A A T HEZ (R) cvoeeeeeeeeeeeeeree 25
A2 2y W AAFEY AT HY s 26
1. 22X 2 B (Spring back) «-rreeerrreerorrreemreeniii 26
2. &3 3 (Bending & Flange)ol] A9 --ovrorvrriiiiiiiinnn, 26
3. A A GEA] coeeerrrrrrn e 27

Collection @ chosun



4. 2z W A 389 FE H FEWHY oo 28
JF, 23X 8 J A FF Y JER ceeereereeeririiii, 28
U, 228 #W A FHY FBYUE oo, 29

A4 AT RS o] &F 22 WMo

qu_ 1;'_4 _‘_fl__?‘_é} ...................................... 32

x.]] 1 A DP590 &A sﬂ/j' @_,,]_ OB 32
1. BF2A G3EQ A FA oovvevrri 32
2. DP590 A B S A covcoverrrmrrneieii e 34
3. AT A] cereerrrnniii e 35
7h ZAE ZEUA R3 ATA HAE oo, 35
. ZIE ZEUZ R5 ATA HARE oo, 36
. Z3E ZEUA RIS ARA HAE oo, 38
4. 8 2ER 3 A7d B A2AQE AFs=dH A=
o] ThE AT BEA ey 39

5. 705 SEWE R3A g M A L A4 e 42
7bh. A 2E23 3 mm AA #F )Y A A uF e 42
Y. A 2EZ3 4 mm A #3F AY A} R uF e 46
O A 2EZF 5 mm AAC #% 4 A R 1F e 50
6. wAF FEWA RS thet A 2 L EA e 54
7h. A 2E23 3 mm A #% H4 A R 2F e 54
Y. A 2EZ23 4 mm A #F A4 A H 1F e 58
oA Z2EZF 5 mm A #F HH A R uF e 61
7. 58 F ZEWA R75 o A A F E4 e 64
7b. 7 2EZF 3 mm AAC #% A A3 R 1F e 64

Collection @ chosun



Y. F 2EZ3 4 mm EAC #F A A2 R 2F e 69
o A 2EZ3 5mm AA #3 HA A} R nF e 73
8. 7)o HAS AA D AF 77

A S A AE @ G T ceeeeeeeerrrreeeeeiieeaan, 78

LIST OF TABLES

Table 1 Type Of die PrOCESSIIg < +«wwwwwrrsrrmssrsssseesre ittt 21
Table 2 Type Of press die PrOCESSINE ««w+«r+ wrssrsssmssssrsssreistitai 21
Table 3 Minimum bend radius of the various materialg:« -« «-----wrrrrrrerereeneeen 25
Table 4 Number of meshes and those refinement level-----w--vorvereeereereeeeeeeeeen 34
Table 5 Mechanical properties of DP 590 high strength steel sheet----«-----eeeveveereeees 34
Table 6 Results in Tolerance CLiteria «««---«--««r-rrssrrrmrmmrmmammaetee e 77

LIST OF FIGURES

Fig. 1 Press specification (single action fype) ««+++-««rs+ssseessmsssssmmrssmiiianiiin, )
Fig. 2 Press slide pillar type ««««++««w+sssrseressssmsssmimttmmiitiiiiiiiitiiii 3
Fig. 3 Press slide trust Prevenmtion «««««w««reresssssssmsmmmrmmrmimtnnnniiiiii 3
Fig. 4 Qualify COMETOL ««w+++ essrssmsssmsssssistss ittt 5
Fig., 5 U-shaped Panel ««««++«eresssseessmssmssmmiintniiiiiiiitt it 6
Fig. 6 Finite element analysis Procedure «+«««++--«rtssssessmssssnnistniiiiniiiti, 7
Fig. 7 U-bending die basiC SITUGIUIE +«ww s swrssssrrssssssssniitssiiitttiiiitsii s 8
Fig. 8 Previous methods molding SyStem <« ««r+ssssesssssmssnisrsmniinniiiii 9
-y -

Collection @ chosun



Flg 9 Cam stroke adjustment ....................................................................... 10

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

Gap of lower steel and upper cam Steel «--«r=-wreesrremmmmeairee 11
Steel gap 3 MM & 5 MM teSt reSUlt <+ -wrrwrmmrrmreers e 12
Adjustable t0 120 mm pad Stroke «««w-wrrsrssrrsess e 13
Changed to pad Stroke 130 MM +wwweosrrmsrssmmsosseesee s 14
RElEf Angle «r+vwsosvesrsrsosss et 14
Change the correction angle to 0.5 degrees ««-«---wrrerrerrmm 15
Change the correction angle to 1.5 degrees «-«--=rwwrreersrrmsmrms 16
Weight  Blongation dia@ram ««-««+-sss s srmmremsemie 18
Press die MAKing ProCess <+ «r+«r+ rt rrmmmemsmsmsisiis it 22
Type Of bending ProCess «««+++«w+wrt srssrssssrssstaittiii it 24
MANIMUM bend TAIUS -+ -+« v+ rrrrerrrrrrmmmmnmmaneeee e e et e e 25
Concept Of SPring BaCk +++++wr+wrssresresstes et 26
Spring back improvement mold basic SHrUCLUTE «««+r««w swersmrrssssmrssisenins 8
Cross section of mold & operation method «««««wrrrsmmrrmmsmmmreeeen, 29
Operation method Of CAM «««-+++wrsssrrsmrmres e 30
Control cam using stroke end block «««««wwrrsrrsmsmmssseri 31
Molding analysis using DPS90 panel ««+-««+-wssvrssmssmseissoisosi 32
Design and initial mesh structures of blanks «««+-«w+ s eesssrssmerrsnsn 33
Final mesh of the finished Product ««-«-««==srre rrmmmmmmerr 33
Engineering phase and Max refinement level ««++-«rsreermsrsssni 33
Stress-strain relationship of DP590 high Street ««««+«wsovresreessrssnneaiiss 34
Formability of bending area R3 test =+« ww+-wsswessssisssirsrsi 36
Formability of bending area RS test «««-««+-wsssssmsssrrsssirsii 37
Formability of bending area R7.5 test ««r+-wssrremrresmsemmserrtii 38
Gap between upper punch and lower punch «-«wee s svremmrmesnen 39
Formability test according to each cam stroke :«««+«r+ s wrrssmrsmmmssnisniess 41
Failures in product quality -««+-r+-sssssssmmmesre et 43
3 mm cam stroke & 120 mm pad stroke result on bend R3 ------eveeeeeeeee 45
3 mm cam stroke & 130 mm pad stroke result on bend R3 -:r--oeeeeveeeeeees 45
_ v -

Collection @ chosun



Fig. 39 3 mm cam stroke & 140 mm pad stroke

Fig. 40 Comparison of differences in cam strokes

Fig. 41 4 mm cam
Fig. 42 4 mm cam
Fig. 43 4 mm cam

Fig. 44
Fig. 45
Fig. 46
Fig. 47
Fig. 48
Fig. 49
Fig. 50
Fig. 51
Fig. 52
Fig. 53
Fig. 54
Fig. 55

mm cam

mm cam

mm cam

mm cam

mm cam

mm cam

cam

mm cam

mm cam

mm cam

mm cam

()] ()] (9] L L ~ w W W ()] ()] W
8
=)

mm cam

Fig. 56 Failures in product quality

Fig. 57 3 mm cam
Fig. 58
Fig. 59
Fig. 60
Fig. 61
Fig. 62
Fig. 63
Fig. 64
Fig. 65

mm cam

mm cam

mm cam

cam

mm cam

mm cam

mm cam

=
=

mm cam

Collection @ chosun

stroke
stroke

stroke

stroke
stroke
stroke
stroke
stroke
stroke
stroke
stroke
stroke
stroke
stroke

stroke

stroke
stroke
stroke
stroke
stroke
stroke
stroke
stroke

stroke

&
&
&

R RRRRRRPR

&

&

R R R RPR

result

120 mm pad stroke result

130
140

120
130
140
120
130
140
120
130
140
120
130
140

120
130
140
120
130
140
120
130
140

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

mm

pad stroke
pad stroke

pad stroke
pad stroke
pad stroke
pad stroke
pad stroke
pad stroke
pad stroke
pad stroke
pad stroke
pad stroke
pad stroke
pad stroke

pad stroke
pad stroke
pad stroke
pad stroke
pad stroke
pad stroke
pad stroke
pad stroke
pad stroke

_Vi_

result

result

result
result
result
result
result
result
result
result
result
result
result

result

result
result
result
result
result
result
result
result

result

on bend

on bend
on bend

on bend

on bend
on bend
on bend
on bend
on bend
on bend
on bend
on bend
on bend
on bend
on bend

on bend

on bend
on bend
on bend
on bend
on bend
on bend
on bend
on bend

on bend

B3 -eorresenerr e 4
R3 oo 48
RS weeveeserrrreer &
RS weeveeserrrreer &
RS weeveeserrrreer 52
RS weeveeserrrreer 5
RS weeveeserrrreer 5
RS e 56
RS e 5
RS oo 5
RS e 60
RS e 60
RS e 61
RS e 6
RS e 6
RS e 64
R7.S woovoernn 63
R7.S woovoernn 63
R7.S woovoernn 69
R7.S woovoernn -
R7.S woovoernn -
R7.S woovoernn -
R7.S woovoernn 75
R7.S woovoernn 76
R7.S woovoernn 76



ABSTRACT

A Study on the Design of Stamping Dies with the Reduced
Spring Back for a Member Panel of Automotive

Cheon jeong pil
Advisor : Prof. Ahn Dong-Gyu, Ph.D.
Department of Mechanical Engineering

Graduate School of Chosun University

The purpose of study is to design improved stamping die to solve Spring back and
Spring go, where occur at "U" shape of Vehicle parts during mass production. In
modern society, safety is particularly important during the development of the
automobile industry. Therefore, high-strength steel with a tensile strength of 590Mpa or
more are being used for car body. In the improved stamping dies, Cam was added by
referring to structure of the previous design in order to solve Spring back and Spring
go that occur when High-strength steel material is bent. By controlling the Cam, it was
designed so that the problems of Spring back and Spring go can be corrected in the
stamping die. In order to compare product forming, Cam stroke is designed as 3mm,
4mm, S5mm and Compensation angle is applied 1.5 degrees to Lower punch and

Upper cam steel to make Spring go when Cam is bottomed at bending area. To verify

- Vil -
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this, the results for each experiment were derived using Auto form R7, a finite element
analysis program. For the research method, DP (Dual Phase) 590, which is a high -
strength steel plate, was used as a material, and the radius of the bent part to be
formed was divided into R3, RS, R7.5 Accordingly, finite element analysis was
performed by applying the material thickness as 3mm To verify whether the Spring
back and Spring go can be modified in the stamping die it selt using improved die,
Cam designed with 3mm stroke was first tasted through finite element analysis. As a
derived using Auto form R7, a finite element analysis program. For the research
method, DP (Dual Phase) 590, which is a high-strength steel plate, was used as a
material, and the radius of the bent part to be formed was divided into R3, R5, R7.5
Accordingly, finite element analysis was performed by applying the material thickness
as 3mm To verify whether the Spring back and Spring go can be modified in the
stamping die it selt using improved die, Cam designed with 3mm stroke was first
tasted through finite element analysis. As a result, it was confirmed that all problems
for Spring back and Spring go can be solved only by Cam stroke control. It is verified
that the improved stamping die has no problem through analysis. In case of 4mm and
Smm Cam stroke, controlling the cam stroke could not solve the problem for Spring
back and Spring go. As a result of analyzing the problem through finite element *
analysis, the biggest cause is the stroke of the Cam. The Cam stroke means a gap
between the lower punch and the upper cam steel, which are formed by design. If this
gap exceeds 3mm, it was confirmed that there is a problem in formability depending
on the size of this gap when bending is primarily applied to the material. A simple
solution is to use a cam designed with 3mm stroke that has been verified through
analysis. However, in preparation for the need to use the 4mm and Smm stroke in
various situations, a solution was created and an experiment was performed through
analysis. The first solution is to change the stroke to the Pad. As a result of

performing the finite element analysis by changing the pad stroke, it was confirmed

- viii -
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that there was a change in the minute value. This can be applied when meeting a
more precise tolerance in a value within tolerance. The second is to test while
correcting the compensation angle. Since the initially derived values are very different
depending on the compensation translate, the compensation angle was corrected based
on the initially derived value so that the value could come within the tolerance.
Results in the experiment Both the 4 mm and 5 mm cam stroke tests ended in
failure. It was confirmed that the larger the stroke of the cam, the larger the gap
between the upper and lower punches, and the size of these gaps caused problems
in formability. As a conclusion, if improved stamping die is used with a Cam design
with 3mm stroke, even if there is a change in the material, thickness and R value of
the bent part, it is believed that the problem of Spring back and Spring go can be

solved directly from the stamping die it self.

_iX_
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2 ol O AEZIE= 3 mm 4 mm, S mm & EHE GIUCH 2249 2 AE
23 Ottt BE2AEE 15° &, 1.0° &, 05° &2 ot #HHoW HAE ot 2
SEAT OO HES AEZIE 120 mm, 130 mm, 140 mm & HASIH O HE
H3L YMGt=X HIAE SHALCH
[ DP590 ]
[ AN FH: 3mm |
SEYR:3 \ SEYR:S | ZEYR: 75

- 'L - - 1, - - G/

[ Cam stroke Cam stroke ‘Cam stroke ‘Cam stroke Cam stroke Cam stroke [ Cam stroke Cam stroke Cam stroke
design design design design design design design design design
3mm 4mm Smm 3mm 4mm Smm 3mm 4mm Smm

Ve ™ e ™ Ve ™

Relief \ Relief \ [ Relief =~ \
angle 1.5% 1.0°% 0.5 angle 1.5°% 1.0% 0.5 angle 1.5°% 1.0°% 0.5
A A A
4 R r R 4 R

Pad Stroke Pad Stroke Pad Stroke Pad Stroke Pad Stroke Pad Stroke Pad Stroke Pad Stroke Pad Stroke
120mm 130mm 140mm 120mm 130mm 140mm 120mm 130mm 140mm

I‘\_ _ / ‘.\.-7 % I‘\_ _ /

Fig. 6 Finite element analysis procedure
= Q ase s =
H 3 2 01dgAo 2HE £ IideEe 38 & 2AH
of Z &Y
= = (=) = [ ) =
1. FetRA s S&t SHE 33
Ol &ASl UNE NSS Métote 2€2 PE= Fig 7 2 220 018 EAC
d2 M&2 Azng sz 2 Xot)| ol S=otH IHES 2H= & oAU 4
S0l OIR0XEs HIE20H BEHAEE HZEdt= H M2JACLY 0248t o1& A9
SHE=2 =g MA0 22= = M3 MEOILE SN &0l HIEAS [ 0
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tE s= btz & =t 8. Sol MEOl HALYS L 28 MEO Ot It
XN As diote Y, &=, &35,

SdS0l 22 G227 20 & Al 246t
_|

Bgdals S0l dZ201 EctXJl HS20IC0H

= =

Fig. 7 U-bending die basic structure

Fig. 8 2 0|&0 AMEZAE S 2XE 0850 S0l OIRH A= L2
BEACE HEGHA 21 @&E0l IE AEZ 3 (Pad stroke) ¥ IHE 22 (Padding
force) Ol H3IE =AS M HHS Hat L 2HE0 LMUSH=R HSol&d=S Sat
of &8s 200ICH 28 HE2 ME2 Auto form R7 T2 30 O JI2Xo=z
LIESZO Qe JSC590R 22 M = AT SHE 4 2 NHNZ6IQUCH MY
(Padding force)2 797 kN = HE0I¥ =0l Ol= FetA fd=s Sdi == =X
OICt Hdeld IHE AEZA= 110 mm £ HEZSIULL oldd = T e -1.8
mm Off AZE O] SMGIQUCH SEE 20l = HMZ HEN L0 =GRS
M st 200t Lt2=Xl oA HAEESE HEJIZ S0 IHEN 2H2 IJIE 797
kN OlA 1000 kN 22 =0EJ|Z &HCh IHE 2288 =0 HAEME2 2= -1.7
mm 0 20 S=ERUCH THE LSS == 20 0IMEBCH OIMIE SOIXIEH 0.1
mm 0 AZZ Bl JHAHE A BOIG/ULCH S HMZE WE AEZIAE S|

SIS e ZUE AES Soil Zot=Ch e AEZ3I= JIE 110 mm OHA
120 mm 2 SHSIRICH THE AEZ3IE sl &H &8 HIDF ATHE 8

I g8&= &gt

E8t HXA ST HAEZ D -1

mm Nl g0l &=
Hloll < 03 mm E&EQ ATal i 24 SIF JUQJLCE 0O oM HIAE=Z Qs &
- 8 -
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OIULCE HEE 382 0l 48 HIDb =g AYs 2ULD 28z A MY
S gd & = JAESE HAGIACH el 0] 2 MOt A= L AT
g Do Us 2HES 28 XM big =38 = AESE & 210/ChH
b N E 289 2 AEZ] XEUSZ X HE

SHE oiZe = Hl gdEeZE M & 282 M AEZ3 X o2 A
o e 2 Do CHE 2ME diZ € = A=t oIt e AEZIE WM
ol= YH2 Fig. 9 o ZCh ot EHI0 AZE s 20610 0 232
1.5° &8 HEEZ0l0 AZE 1) MEizZ ZHSE dH ZHACH W AEZA= 5
mmE Z2F AIESIRUE B2 AMe ot" B 2 &8 A HI AOINAM 2A
ol HHE (Bottom) Ol &Lt 224 HAZ 0I5t Z1t gt2 &QIst ST
CEE 0l SXOILE ol Hollhs A2 1 AEI0IH 018 Btil2 ATg U
AHZ ScHEAM =XE XHOF =D 20 22 2835 HE (Bottom) Ol &
X 2&2A & (Gap) 2 0.05 mm ~ 0.1 mm 4 B2 B SOz ZHLH %
£ ¥F== A0ICH 0I1E &5t A2 28 220 ZEHA U= g3 o
S E5 (Stroke end block) Olgt £ZO0ICt.

Fig. 9 Cam stroke adjustment
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L. 2 AEZ3 &H YA ( Upper die cam punch 2t Lowe Punch &

Gap =& )
S BN YEHoRE ot HII2 A8 2 A 2H0 88€&H0l OIRHAI= 2t
2ol B (Gap) 2 O AEZAE 22t 3 mm, 4 mm, 5 mm & &HSIH HA
E oiE2= AOIC Fig. 10 HII0IA HSHSF 2 Olgt &H4 & AEZIA2 =Y
ot S Aol AJIJF MBS0 Hst &= 0IX=Xl FetRs &S Sot
o HAE oi2J|=2 &0 Fig. 11 2 HER 82 3 mm 2 5 mm 2 &HGHN
HetRA S +doldsS i = oS I U= ZHU0ICH 3 mme Zidt=
HdeE M3 2EBE R 20MRH =22 5 E2M 80 2HES 010t
U= A8 =0 & = UCH dE40l A0 &, oty AE 2H0 401 HEE
£ =0 g = UCH 5 mme Zu= AE 2H0 20l S5 &4H ZH (Upper
region) Ol AXZE 84 O] ZMGD St HA (Lower regiony= AZZ 1) HA
Of &M El= NS ol g = JUULHL
Upper die Upper die
(cam punch) (cam punch)
252 Gap_y| |e Chperpe o le—=e'= Gan
ATHt +3mm A THt +5mm
—_—

ﬁk—

Lower die
(Punch)

Fig. 10 Gap of lower steel and upper cam steel
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3mm test

=2 <o) |y
glen 2xtqt +0.01

Smm test

e

/

Fig. 11 Steel gap 3 mm & 5 mm test result

Ch. IHE AEEZ3 X&

— =

Upper region

Lower region

CHF @Xigr +0.04

H B2 JIUHE 3 18 R824 HAsS S& 2HE 23 HAHAE & =
b UZ0l HES AEZIE ZHGIH FHES oiZot= A0ICHL HSS &
ot= &Y EOIY2 1A Z AF INE (Upper pad) JF HA LHAQ AMME &
1 dEE LMAIH ATHOE SE 0K H DEAIAOF =L O = 2XECZ
AS 28 HXl (Upper cam punch) Jt LH2 2t AME ZdIHAN 482 dt= H0|
Ch. Fig. 12 OIM & = JUX0l & HE AEZI= 120 mm Ol IHES &

Collection @ chosun
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PAD

Tool Contact

O Upper Sde of Blark
® Lower Side of Blank

Geometry
Clearance |

¥ Support

BEEBEEEEE

Fig.

Upper
Cam steel

Upper
pad

Lower
punch

L. 1.970

Test values
Spring back —1.970mm

12 Adjustable to 120 mm pad stroke

IHE AEZIE SS M IS HIE A=K AIIUHEN AE 22 OU=z
Aot IHE AEZFP 120 mm WA 130 mm 2 S oW RetRA &S
2ot EUCH Fig. 13 Ol &&= 20 22 -1.7 mm & 2 BIg= OHLI XIS
OIMECE & -02 mm HZO0 OIMS AZE 88 2H4A SO JUIJULCE Fig. 13 0
M&E &0l & = S0l MEIL AMME HXIGHD 28 482 o) <ol &Sot
= AF A AL EHOIY & HElDE S mm HA 15 mm 2 SO 2 2ol &
= U2H E AEZNZI sHEM et IHEY S (Padding force) 8 Ol M
408 kN OlA 482 kN 22 HISS =g &= ULL AIIUHENNME A=K
OF THE AERDE HZOIAS M AXN= LKA OIMESH gtoll Haot UAU2H
H 4 & ol HAE 2R0AM 0 2HES HZ6tH H30H EEE =0l= g
CZ 2 otH 2 W22 LoICh
13 -
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PAD

Tool Contact

Upper
Cam steel

¥ Support

Support Type

OBOBBAE ]EJEf]

Test values
Spring back —1.795mm

Fig. 13 Changed to pad stroke 130 mm

ct. Upper cam punch 2 Lowe Punch & 282E HEF

oA BHRHO OFXI2Rl [ B gHo2= AE0| 0120 s Y20l otE #
Xt &ty 2 ALY AZTE 9 Dy st BE AEE HPGote gHOol U
Ch 2 AE0A D2 &Y 2AEE 15° & 2 AEHGIYRCH SHIF /UsS 2R
1.0° & OIASEH 05°% A CHoHH 2AEE HEGHH oise HAEE otAC
Fig. 14

Upr ﬁ

Pad S

Lwr [“/6\0

punc 7 Upr

punch __:

Fig. 14 Relief angle
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o € =% UL & AEZIE dot¥s M s 24 =X Hlwaet
Jl?oh 4 mm &£ 5 mm & AEZT A0 et ReteL HAT 201 +&otA
Ch. HAZ 4 mm 2 5 mm 2§ AEZ23 AU H2 SHEO SE&EIALCL 0
£ ofiZol)|l ?lol SHME oflZ 2= Ul JtXl HB2LEHS =0t M 4 & =&
24 &S 088 AZd 9 & 0 e 20 & DEUA 2HES S0t
ofZ ot= UH&= &l ot dXxt et

H 2 & Jl= 08

H1 & 2413

=

28ItE ( Plastic working ) 0|2

S0l A= 4+ 2 OtotH ME0le HE (Deformation) O &21CH HZ Ol It

XH
ote =2l AJIIt B4 ST (Elastic hmlt) Ol &= 28 = HMAHSHAH ZH H

Ol BEet=20 A HEGIH A=5S MAHE

o
B (YPHE)0 D= S ALH

[

O O
(Plastic deformation) 2 2|

=
HAES Hotes ItBHE A4AIE (Plastic working) OlcetstCh A& IE 2l
BIZ A DIS (Chipless working) OICH £2LI &4 (J1H) IS0l Blol MASE,

g S92 Rog EE0 Y2t MS<

_I

X
ANe ©E01 Ut 2dIit82 SF= HYLA0H el ©X  (Forming),

(Rolling), /2t (Drawing), &=
(Form rolling) SL& 2FE == ULL ZHAZEHO 2
o

CHEAQ A-ItE0

O MIS=S JtSot

fay]

(Stress), HE, JtE3&2
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£ 2g0Ict ot XEst= 2™ EF0 Mt AIHESS (Tensile stress), &=
(Compressive stress), =& S (Bending stress), &S (Shearing stress) 2 Hl
aﬁ( Torsional stress) S Z =FEHCE 0 82 IJ|l= HAHIY &HEZ5t

O AJIZ UEHHDH =0l 220l HEotH MS 0= S0l ZA6t=0
QIS FJIJF 21 B Yereg AZEC MEIF =80 HE = Y= &
S (Strength)et) StCH 2= M2 SHRAHAY g = U= 2 2ASH
JIE IS &= 2 Eet 6t (Breaking strength) S0l 212S Jtot
28 &+ U= sHH AEE dAZ22 St ( Allowable strength) St0 Ze|AZE
= M2 IMIZEE 0IE6HH A2ME A4ItS StCh Fig 17 2 ot - A
H2E M =& (Yield-point), EHZ &, MHHAE S LIEHH =1 UCHL &4
OAM=E Mot SPHSES o0 0F ol =20 22 BHE8HH (Elastic limit)
o 82 JIotd HEAIZAOF otHH, YEHECZ X &S ZO0l 0IE&tCh X
Z2E 22 M=o et 201 TH20H, S8t 201 &©9 HEY ALY &= QU
2o MIIZ LEHHCH THZ 0l J18F S 82 Mg =0 MI0 0= 2
4= 2SS (Residual stress) Olct &Ct. &&F S20| Q0] D AEIH30
4= HEO HIY2Z2 NFSHEZ MG OF 8HCH?

~ Ps
¢ T p
h
-
3
azoy /EZ 3

Fig. 17 Weight _ Elongation diagram
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3. & ( Deformation )

240l Jts8t ME0 &2 JtotE ME0l S350l 2MoHH =0l SototH i

S= HEGHL =89 A0t M= 2l EHEHH (Elastic limit) 2CH 25HH 2/ A
ot SAI0 el 22 SO0 A9 JJIF B#HEHE HHAMH ™S
HMHSIHE HE0l EOIUA Z=0 01HE 012 E+EHE (Permanent set) Olcty)
ot0H, A& JtE(Plastic working) 2 MEE F+ HEAIZI A0ILH HE=2 HEot=
Q0 et A&, &x, D&, M L HISE S22 EFotd MEZ2 Jt306tJ|
st HE2 sgHEN 2ol 0IRH&ECHY

4. J}B&3t ( Work hardening )

240! Jtsst HEE &420M A28It36tH ME0l SHHHXID &=E0l =0t
K= 842 IJ13383 (Work hardening) &= P18 33t (Strain hardening) 2t StCH.
I8dste e I 2 MEW Tt T2, s8It =245 J3Tt
30, HEO Colde L=20Isd 1 &3, st 1 &3, AHelA2 S0l &6t
D, M BAZE2 HS Jt8ZsIt DXl YALH, 4220 ¥ MBE2ZE It
=52 IJE333I DXl %2=C0h S0l JItEZs0 4E01 2 ME2E 6d SE2=2
A28 JI8E e S2H0 22 (Annealing) SV S FII6I0 E Xl & 88 of
Oi0F S0 A4IIE = B0l M)z Jelz2 835 Qs 23 W20t
8 DIt QUCH?

5. Al&3&3} ( Age hardening )

A0l B0l et =5 Mz
b AIZEOI B0 et Batel=
= SUAMZ AlZ2t0l BototHetE &

Olcder M= A8It30 SHIE =X Z2LU, A=de HE s &g 38

Collection @ chosun



2ol & A= AlE33t0 28t Z25£9 Stz JtE
20| 20l 221D II340l UWMXIDl 2o AMsdSE YXotHAM JI32 ot
O10F BtCH RA0NAM £HE Hd2 2dIS0HAM S22 dHUI| 20 Jt3XH
of Qo0 2HAES DolIIHA JtE2S o0k 8tCH?

o2& DyAR™e 55 @ =4
1. ZgAz89 FH9
THASE (Press die) Olgt SHJA2Z ZA J|H (Press machine) S AISoHH
THA Z2t0lE (Slide) 28 =AH (Bolster) Of A& Gt&E2 MZotD A0
SHEIS Blank (&) £ €0 &8 & MHAIH Jot= &0 MSS S0
e 882 L& SLA230 N3 UMM & = e EE82 It AL
o 8 JHel HEE2 USOHUI| fold JI2dez =2 (Blanking), =&
(Draw), E& (Trim), Z¢&HX|(Flange), 2| AE2t0l3 (Restrike) S0l S 2 HKHOF
EICHD2
2. 289 &7
=289 SR= AYuyd 2 10 JtE M2l SF0 ek Table. 110F 20| E&F&t
Ct.
2= =8 &% = (4 TH) HE(=¢)
e R T S )
He =4 ZRA xE
RPN czg S= Eny s
o= SRR SR
ge ==
=49 Sdatd =1 2
orsdd Sdstd ==X 2
SHAEME)SE MNEdE Sotad ==X 22
dE8E Sotad ==X 220|592
=288 Sotad ==Xl 22015H,2
- 20 -
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4. ZYASE HEUE
AASAE ZdASE2 HMAELRE2 25 SHIEWARH =€ &I 0 0127
X0 UE =2 Fig 18 o &
‘ 2uzs ‘Q getaads M| Laours Q‘ FEEL ‘ﬁ‘ P (| patemi

$

‘ i ‘h‘ NCdata | 4um| ®EEE h‘ e ‘ﬁ‘ cexy  |qm| PaemzA
e e At e o
‘ R “‘ wste || wszy -‘ (Die spotta) ‘-‘ Tyow W gz
‘ oA 44 BFoIA HE B ‘h‘ 24 soxg ‘h‘ gy
Fig. 18 Press die making process
M 3 & AT 89 Ojd 29 0|8
H 1 & =8 (Bending) Jt3
1. =28 2HAl 8F
23 BAN SRHE @ V-B2 O) LB () U-BE () U-B HE Nsw
A0l A20 (e) Ol dllY (Hemming) =& A0l QUCH Fig. 19
Slusge miel 2os HON EIHs ZHOICL MBS 24S =011 o
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S =20/ ot gt22 Hs Qg =& UL
S To BME EMAM dlY=S ofH Al (Seaming) E&EHO0l &0 Hl=xg BEH
T STE o= Il Sz 018 AILYHESE ot HE SA0lU SEEII0A
=20l 3910t MK &5 Jt8€ = ULHL
Panel

Punch steel
\ R
// rd
>, r £ s 7 s
// ( \\\\\\\\\\\\\ RN N I/////'/// /// A /."//////./’/ 7
A D - e o S
‘ o / 7 Q\\\\\\\\ \\\\\ 5-45////’ //,ﬁ \ g /,/’ // Z // /// -
(a) V-Bending (b) L-Bending
/Punch steel
Punch steel
/‘/ Panel
< N
/ 57/ /]
Panel i
Die Pad
(¢) U-Bending (d) U-Bending pad type
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———— FLATTENED HEM

OPEN HEM

——

TEAR-DROP HEM

(e) Hemming-Bending

Fig. 19 Type of bending process "
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Element Node Refinement
Status
(EA) (EA) Level
Initial 1811 971 6
Final 19598 9013 6

Table. 4 Number of meshes and those refinement level
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Fig. 60 4 mm cam stroke & 120 mm pad stroke result on bend R7.5
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Fig. 61 4 mm cam stroke & 130 mm pad stroke result on bend R7.5
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Fig. 63 5 mm cam stroke & 120 mm pad stroke result on bend R7.5
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Relief Pad Spring | Spring tolerance
CamStroke angle stroke back go standard Result

2.7mm 120mm -0.3mm OK

+0.5(GO)
3mm 2.7mm 1.5° 130mm -0.5mm OK

-0.5(BACK)
2.7mm 140mm 0.2mm -0.5mm NG

Relief Pad Spring | Spring tolerance
CamStroke angle stroke back go standard Result
2.9mm 120mm 0.lmm OK
+0.5(GO)
3Imm 2.9mm 1.5° 130mm -0.2mm OK
-0.5(BACK)
2.8mm 140mm 0.4mm OK

Relief Pad Spring | Spring tolerance
CamStroke angle stroke back go standard Result
3.0mm 120mm -0.3mm OK
+0.5(GO)
3Imm 2.8mm 1.5° 130mm -0.3mm OK
-0.5(BACK)
2.9mm 140mm 0.lmm OK
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Table. 6 Results in Tolerance Criteria
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