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Gifu University

RHEEREEE
TR T3 —7 - JEES
Press forming die (Progress Die), “yoke”

KEESELEIR

HOMEE ST R PR I B Hgas e 2 < — N @A TEE o % — O REBHEEER
TR HEGEE A~ — MR v 2 — R TR EERER, B
(e —R), IWNEERAE G2 —&) . H)IEANHERER (F/A)

Staff members

Guest Assoc. Prof. M. Taniguchi, Prof. Z.G. Wang, Prof. Y. Yoshida, Prof. M
Yamashita, Assoc. Prof. M. Nikawa, Gifu University Center for Advanced and Smart
Die Engineering Technology

REELE

BM LR (BIAE) 0 4 AR A (B

H OK— (22m) -AH =X @240 - EH O —K @20 - KRB E} (225%)
KEE BEZIr (225%) - ANk KHE (225%) - &k K (235%) - fillR K (22 %)
Ve W (225%) - B BRAE (22 - g ShBE (225%) - RERE R (225%)
A BagE (22 5%)

Student members

T. Aoyama, A. Iwata, I. Ueda, Y. Otani, R. Otsubo, T. Kato, T. Goto, S. Sakakibara,
R. Sato, Y. Suzaki, T. Suzuki, S. Morohashi, S. Yamamoto
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FAATHITIRAE  Die assembly

THY Lower Die
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EAY Upper Die

(6) FRREHE M
I—27 Yoke FE} Material : digH A v S8 SECC t=0.6mm(Zinc coated mild steel

T VATFEY 7L Progressive forming sample in several operations
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(7) £%X@E Design of forming die

FAAFUIRAE  Die assembly

THY  Lower Die
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9

EAY Upper Die

SRBEIZHEITET—< Theme of press die making
HFEMEDE L 3R T MR O EHRE
Design and manufacture of die to achieve high productivity and compact size

£RNHETEIE Die design concept

TREZIEMMESE D Z & CTAEENEER LT 5,

SROTRLVA 7Y &2 TRL, @M E KT 52 & /Nl E2RERT 5,

High productivity is achieved by progressive press forming.

Smaller die set is realized by devising the appropriate process layout and by
integrating the die components

(10) IFEZEH-HTHEYMAA Study on designing press forming layout

FPTWOICHILORIE TR Z A =K BRE LR ATV, ZNENOME S 23
i L7z, BEREZEN LA B O E, B

Bx — HF — WA 3 TRICT A
AT TRRICIRE LTZ, £72. 7—~T ' Beta
% TEFEMEDE N | 2B 5 7 iic @%w

W EERNC CTRYET HRETHDH EDER @ Betorigho
I C—E L7z, &IT 3D-CAD & CAE fi#hir & 26073
WTH LRROFEMBRGE 21TV R O
HLUETERANE~DT 4 — KXy 7 &2{To
776

First, each member examined the

proposed forming process of the product
and made a presentation, and discussed
the problems with each process. After

B ORI TS
Proposed product forming process
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collecting their opinions and making a comprehensive judgment, it was decided that
the forming process would consist of three steps: development punching, bending,
and product separation. In addition, it was agreed that a progressive die should
be used to realize the theme of “a highly productive die. Next, a detailed study
of each process was conducted using 3D-CAD and CAE analysis to identify problems
and provide feedback on process details

(11) TRRZJETTREL-FBIES SZRSE Problems encountered in process design and
solutions
Ok Y TFEMEM

ARG CIR B S 22 L 8 2l 1T D A TRk
BT 52 EEMBEL TV, BERIREZE
U 7o S, B HRO 5 C ik S i 23 T
L. BEkE — #hiFo TR I TREIK
N LZRW T ER o T,

DR % ilenm LTS A, 28 Jetm s T L
RWEHEE MR T DRI F— | \ o<
LARDIIRZRKVICEVRIET D Z EBNH \ - /

NTIhD LD/ E ot RYBBHROE O\

LA TFOBELHIRLOOHBEEED .
DR L R/NNRICTHZ 2 5L LT 9hs P ENITEPAN 2\
A Y EATDAR IR DR S P
Pl e X S F DR b RS o L rimming shape wlthou rawing
LBV IR E CAE fRATIC L W BEER L
77

In the initial study, it was assumed
that the protruding part of the product
would be formed only by bending, but
after drawing the developed shape, it
was found that the protruding tip
interfered with the central part of the
product and that the process could not
be completed by the process of
developing, punching, and bending

As a result of discussions on a
solution, it was concluded that it would B DA L 2 WEEE OB
be effective to form a dome shape in the
center of the product by drawing to
secure a surface area where the tips of

Difference in cross—sectional line
length with and without drawing

the protrusions do not interfere. The
study was conducted under the condition R i

that the strength of the punch in the \
punching process after drawing was 5 é%ii:i}
/T\ lll \I

secured while minimizing the impact on
yield.

O THRRBEINT LV RRSE LTz LR
Trimming shape established by
additional drawing process



O TRODOFMMRST Detailed study of drawing process

WO TR DNERE TR 1 &y F DR
B> 5 RRIE FTRED & CAE fRATIZ K » THREL 72
R, OROGEITCENABAET D 72D R
ThH LT L. K2V BICANE A MIBICH S 2 Y
LEREME Lz TR R, RS, S '
FEE NUTF R, XA R FBMTIRZEE L 72208
O LR D RARD 24T > 7=,

BEDOT AT T HHLZF TR &K
[FIRE Y 2 bl L7, TR A U » hET A
Uy RHLZT R0, WInEZHHT5 3D REHT K BT HE T LV DEK
W% igam L72o

CAE analysis was first conducted to
verify whether a drawing shape could be formed from a rectangular piece of the
sheet material equivalent to one pitch of the progressive process. The drawing
shape was determined by adjusting the number of drawings, drawing depth, punch
diameter, punch R, die R, and the material shape.

As a result of comparing single—drawing and multiple—drawing among several ideas,
the following merits and demerits were found, and which one to adopt was discussed

Drawing of models for analysis by

- — [l —

AV b OB OTHBRBEET ATV 7
N 7 IR TRN T O ERE LR SR S

TAY N ZEEE ORI IR E 0

- Single drawing process
Advantage: No strain 1is generated in the flat
portion of the product and there is no springback,
making it easy to ensure flatness
Demerit: Large reduction in thickness of protruding
portions.

_..‘
— [l V) £RFH B O AT G R
- AR Analysis results for
AU b BEBOBRERDEZ/NSLTHIENTED single drawing process
T AV v b B OB R Y /O Y IR DOFE
DEED . AR OBEBLOATY 7
Ny IR DEROFAIZ LV PR Lhhises
ANERE 2
* Multi—drawing process
Advantage: The  thickness reduction of  the
protruding portion can be reduced
Demerit: The flat part of the product remains the
habit of the drawing shape before the
final drawing, resulting in appearance

defects and it is difficult to ensure FEE[AIHI Y B R DO MENTHE SR

flatness due to deformation caused by Analysis results for
springback. single multi—drawing
process

RS OMWREZ B 2 T /5 R, MERRFHEE LT 1IERRY %
PRI 2 fliem & 72 o 72,

Considering the important functions of the product, we decided to adopt single
drawing process.
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OithiT TR OEEMMST Detailed study of bending process

R ZEEE T TRORE TIZ, N F XA DT VT T 0 A0 a 2 MO T2 D i
INR DX RIJDFM % CAE i#NTIC K VAT o7, 7 V7 Z 0 AZBEARE LR L 0. 6mm — &
W LTESE ., BRI OWER D N RE N LI L VKD TBIROREZ D Z L N T3,
BN IEAET HZ RN ghote, *KE LTI, XA ICHEERIT D2 & THTEH O e
EIZNT T VT T AERAINS T 5H 2 & T, ZEE OB R LMAl o T 0 HE B % e PR
LOoDOREXHSESIZT D e ol

In the study of the product protrusion bending process, CAE analysis was used to
determine the proper clearance between the punch and die and the minimum pad force
to reduce die costs. When the clearance was set at a constant 0.6 mm, the same as
the product thickness, it was found that a large reduction in thickness near the
tip of the protrusions, and the curly shape was observed. As a countermeasure, to
straighten the protrusions the design in the tools was modified such that the
clearance is gradually decreased. This design also achieves the good shape accuracy

at the bent portion of the protrusions

XA DIIRZE TR A DRI T4
Initially design for tool setting Improved design for tool setting
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(12) £RIZETICH(THEY HH

SRR GHI TREICH Y E 2RO, TREFEFONRITIH - ToiiE 2 FEX OKXIZTRE
DNTHRGET U724, 3DCAD (& CREMIZRik it 21T o 72, £ TIX TR OREE O RN IED 2% B8
LRt 2D EWIIC BAITROT — & Al 8 o TR IR T LB 22 58 6 O 1B AN AL
WEhOIBIL ATV, T T A DOIREME O m W72 D X5 ITHRE LT, sk O
OHFTEMEKY & TFREKY TEDORLIITHEENEDLL D ERIEL, KHEA MY v /3—]
KO TZT RN —% PRNCRETHZ L T—RETE A TREKY Z8A L,

Students were assigned to design the die for each process, and after roughly
examining the structure of the process design with hand-drawing, the detailed
design was completed using 3D CAD system. First, we proceeded with the design
considering only the feasibility of the structure for each process, and periodically
combined the data of all processes to add parts necessary for product transfer in
progressive forming and integration of constituent parts, so that the die would be
simple and have good transferring function. In the discussion of common use of die
parts, we verified how the structure changes between upward and downward drawing.
The downward drawing is adopted, where the integrated tools can be designed by
setting the punching stripper and drawing blank holder in the upper die.

Falcts

|0 el e i
SBS:r-s;»..' ,,ll
a o

FEIZ L2 &S O

Hand drawing of die structure

(13) RIIED TR

@ XA, ABFY wX— -y FO—{K{k Integration of die, stripper and pad

Him R OB L OO 2 )7 MeD T2, BIAARIZ X 200 THEetAE o,
F 72 CAM 7 — Z {ERCOHENIN TIZ 61T 2 AM A HUCEE L DD, FARLA R w/3— -3y
RO—RKIbZ1T>72, TROXAIZBNT | -

I, BRI E TR LR TROFHE 55E
AL, EhEhE—KtT22 LT
2 Wi ~ERN LTz, ERIZB W TR Y T
FED T TN Z ) DRI B AT, £
0TI RNVE—D B BR TR
LAk E L, 2SN o« — g7
DT LR A FESLENIEOILN '

MA[RE L 7o Te, ZTIHIT XK o TH AL RSk A DO—K{k
DOHIEES KOV FEBL LT, Integration of die
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To reduce the number of parts and downsize the die, the die and stripper pad were
integrated, taking into consideration the
machinability of the tools and the
available machines and the process in CAM
data creation for machining. In the lower
die, the middle of the development and
punching process and the drawing process
were divided into two separate lines, and
each line was integrated into two parts.
In the upper die, only the drawing blank
holder is designed to operate independently / : _
to fine-tune the wrinkle suppression force | ' - L !
in the drawing process, and other operating ﬁ;ﬁi-éﬁ? ;!ﬁsg Y ::;“E:‘gg i g;
parts are integrated to enable the sharing
of guide parts and pressure sources. This ANy R=BLOVYy FO—E

has enabled a reduction in the number of Integration of stripper and pad

parts and decrease of the die size.

ORETER N v X—DANTFHERL Structure of nested tool for stripping process

KO %Ok E LRI IRICGEDLETH
A EANY yN—=THEZONLHERD D |
TrjEfn o= FRA KU v 3—ORLE
Mgk & 72D, BIDHLICKDEBIZA Y »
N2 A H D IR B D G ENR SN T8,
DG DI NIVFAEIEIZT H 2 & THE
N T L — D MEEK & HIE, L 7=,

In the punching process after drawing, it
is necessary to hold the formed product
with the die and stripper, and the product
part of the upper stripper 1is convex
because of downward drawing. Since the
entire surface of the stripper needs to be
machined in the machining process, which
requires a large amount of cutting, we
reduced the waste of materials and

processing energy by designing the nested
tool structure in the stripping process. HRLERER & O AT
Nested structure

(14) €RBEICEEDHZ AV b+

I BB DT —~1 [EEROE L a0 /R0 MR8 OFREE] ICRE L, &5
O/ L EFEEO R S ZZE L, %G - BUYEICR A E Lz, @8/ NMYRIZHTZ0 | &
DD Y A XLBLE O EIZHEHT U E L7722, #BihO&E, Bl L O —IMMb, Hx
REREAVA—BTHLAEY) Z L Ta vy Mgl &itd st nTcEE L,
TREOMEHT TR Y TRIZBWTHES X9 RGN Tl LA 7Y 2 —/LAIC
B DWW ENTHE R 2D Z LN TEERATL L, £2 T, F— 2 MBTEE L 3REHEED —
DNy, RN & B FH A RIRREAT CIT 5 2 & ¢, EEHMANOER O E His L E L,
FEA T ATV OBF 2 310 8 B Z E N TE 2720 TR 2 4 0 3R L T & vy
TSR 2 GD Z LM TEE L,

SRS OM T T, CAM 7 — Z {ERLSC TAEM OB E 1L 72 E 2OV b OFEE L e
DVE LT UIDTORBRIE 722 bHVIMTI AR T T MEIbh o2 b ODIFEHED T
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BEOIL, MESMEZERITEHENTEE L, LI AOMUEEZERZ ENTE T
T Tl A=W TOREHEC 75 72 FAER O BEM 2 Y CTEETLH 2 L
NTEEL,

B OEFETIE, @B AT HORFHEV TR L. KD b7 A OB TR LT
CENGEE RS OWNL A FEBLT 5 Z LN TEE L, WmOBIE N R T 72 BRITITIEF I
BEHL, AU AR—2ETEY BF-Z sk 2R Em<E U E Lz,

FHAEGM 7T 7 ) OSINZ T TeSREYEIC#ED 2T, b D5 < VIZHE AR A T
STENRTE, ZORLIRXHELIAPTHEHLLZ ENTEE L, FERICGRAREL,
FEEM2 DOV ERBRTEX 722 LI ZLORERICE > TREETE KRB TH D LK
CTBVET, ZORBREZENLTEZRLOOLDITHED> TNE N EBNET,

BRIC ARG THSRRICK L, AN T T 7Y BMOWSZTAX E L2 2 &G
L EFES,

The theme of the project in Gifu University was “Design and Fabrication of a
Compact Press Forming Die with High Productivity”. The student team worked on the
design and fabrication of a compact die with high productivity. In order to downsize
the press die, it was difficult to determine the size and layout of the forming
die components, but the student team members completed the compact press die through
discussions. Student members output many design ideas about the process layout
and integration of the components

In the numerical analysis of the process, the desired results were not obtained
in the first drawing process, and satisfactory analysis results could not be
obtained within the planned schedule. Therefore, we divided the team into two
groups, the numerical analysis group and the design group, and aimed to complete
the mold within the training period by conducting analysis and design at the same
time. Because we were able to take enough time for analysis by dividing the team
into two groups, we managed to obtain the desired analysis results through repeated
trial and error.

In the machining of mold parts, the students learned how to create CAM data and
operate the machine tool. Although there were some machining errors and problems,
they were able to successfully complete the press die under the guidance of their
instructors. The students were not only able to learn how to deal with machining
errors, but they were also able to realize the importance of communication among
the members and sufficient prior confirmation.

In the production of the product, the mold functioned as we had designed it, and
we were able to achieve both high—speed processing and high—precision products at
the first trial stage. We were very moved when the product was successfully formed
The felt a strong sense of accomplishment from the work done by all the members of
the student team.

While involved in mold making for participation in the Student Mold Grand Prix,
we were able to learn the knowledge necessary for manufacturing and experience
firsthand the joys and difficulties of the process. All students feel that this
experience of actually making molds and experiencing practical manufacturing is a
very valuable experience for our future. Students would like to make the most of
this experience and be involved in manufacturing in the future.

Finally, we really appreciate the Japan Die & Mold Industry Association for
giving us the great chance to learn metal forming process and to participate in
the Student Kanagata Grand Prix.
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