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(1) K=4 University name)
NI NE S
Osaka Institute of Technology (OIT)

(2) REEREEE (Type of mold)
7L AL (HRR)
Press dies (single action work type)

(3) #EHHI% (Professor)

RIRTHERT  LTFE i LER - GO boo5< vt r#—FK
IR 2 Bz

Yukitoshi Thara

(4) #4EEZFE (Students)

(1: ZAERFE) T B TR 4 A (RUER)

HmE K— (225%) [FEE L=
(1: Leader) Taichi Moriya (22years old) [Precision Engineering Lab. ]
(2) T B TR 4 ERAE (BUVER)

WA KA (225%%) (% LFufse=]

Hiroto Matsunaga (22 years old) [Precision Engineering Lab. ]
(3) TPAFZER EBRES - BLE RRAE (YRR

PEH 2 (235%) % LEifeE]

Hibiki Tsubota (23 years old) [Precision Engineering Lab. ]
(4) T M LRt 1Rl (BUERE)

—H e (19 5%)

Ayumu Ichiyanagi (19 years old)
(5) T Mk LRt 1Rl (BUERE)

K ZofE (19 5%)

Katsuki Daimon (19 years old)
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(5) €BEE (BIFE) (Photo of press dies)

1 FAfFIRnE

X2 kA
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(6) MFEEE (Product photo)
BRSO 1= O EI5%

(7) IR EUERIELETR (Drawings of press die)
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F N AVARI
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(8) £FEIMHEE (Structure of press dies)
8.1 7—< THaXbZ#EBLEFAESEESCY]
SINZ D D SR I AVEDS B D D 2N BT AR T D RS A EIET DI EH LT
Ha R T‘75>73>73>O’Cl,i Do
ZZTCREBIEFPIFEOT—~Th s BREICRLILWVWER | s, LT —<Z2KD, 1E2
A MEHEBELERIESR S ) 27—~ L LTERRGHZ21To 7,
8.2 THIOXFZBEIBLEZAEEROCY ] OEBEEH
Féﬂih%ﬁ&btﬁﬁAﬂ0<DJm@?im—%&bfﬁifwﬁﬁ%bfwéﬁ4t
v hEfHAL, (2t 2 RSy D8 E T > hRUZT 5 2 & THAEYEa 2 N OFEIEIZ R
DRLAT,

8.3 EEMFZREHER

AREIOFERSEOMTIZIT DR & 2 TREETHY | HEER P HERIN DS, L LA
BT ARYET 5 Z LD T ThoTolosd, @G 2 B LT WER R A5 LT,
FHEBIMEENES Th D2, 3 X MEIBIZ D35,

8.4 ETEHE - BEICBTHI XA

O AFEAOEEAERT HANCREBAST 2 ER L, 90° #iif & 77 v Viid 217 - 7255
WZRET DU ORRTF 2R Lc, fMRE2M 11ITRT,
FRERBR ST ORI GX 12 OFR R LIZEnE2 B FrEicd 25 2 & ¢ 90° #hif
77 VT ERFRIRFIITV, U RBEOBIHIZ O & DT,
F7290° fhiF DRI ST BEFTD T T 7 M OlEZ 0. 6mm 9O < AF A O, 90° i
FEATSTEBICANR B2V E H s Lz, (X 13)

X 11 3B O R R X 12 EFAEhoEihe T v
@ ARORLZERT HICHTZY . Kk OMEIORI & 292 TERENPNLIEL 72 508,

Bl bk L—F =7 > N CT TV I M AR 5 2 & CIREEE | SWb L, LELA
ML 2 L Ta R MBI R,
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Q) (MEROOEELZEDHT-DII A ey VA 2 ST 2 S8H L., R %
B 2 SBEUWET 2 2 HELD 1295 Z & THEOME X B8 ié&@%@#ﬂ%@ﬂb

72o (X13)
NAOYyrEDT
|;7’EE

0.6mmT DKIEXH%E
2013

X 13 77 7ok
@ ABMYvRHA R ONEZIESFRT L, MBS TREOMALST T S A& BhIE L=,

8.5 EREMMEX

SRUFGEHE 2 T ORUER 2 SR EO T OW 2 W2 & s bAEK LTz, & LT LK
E%B&mam%%wfw%vwmb FHNZ [ OIS & WERE L T,
AIZ—EBIOR—=ATERAEEITV, REFOFMMEEREEN EOTZODT A T 72OV Tikim L
RINORRETEAT ST,

8.6 STBIE{E%E

HEF 247 9 SRS OERERINTIZIE FANUC 8D U oA ¥ » MEEM T (X 14) ZH L. R
B Z20EEE T2 M TSR TR CNC 7 7 A 2 (X 15) Z4i/H L=, ZoylElnT
WX E S TRT R OPLE 7 7 A A A Lz,

mumv4kﬁyFM%MI% X 15 CNC 7 T A Af&
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8.7 HERITH
Ao DERMPRERESRLDO 7 L 2 A CD-100 & BRSSO ML S U > % —D10-300 Z FV Tk
BiTb 2177, (14 16)

X 16 RERFTHICEEH L7=7 L Ak

(9) BRI B4 > kb (Comment on press dies manufacturing)

SIRIBUWEZIED DY & L TR AWM I RED TR P 21T o=, AT L 2 TEMKRSHE,
BT T AL E— FRASHO 2 #h&dh, SMEEORFIZOWTFEAR, SRR T L
AT E TRZFZOFAETOGRABED 7 2\ ZHIRN 72X 703 6 SRBUWED —# O 2 % #25R
THIENTE 7, BAIEWVINTREELZ RO LD, & THHMAREERLE LY | F
7o TAEMIR & - D BRI DT 0 R K OREA D FHCCEFR DI AN D70, FIZBRIRE A FF
S>THEEZRITo T2, GREWEZ B L CEFLTITR L TESZ LD TERVWERERNZ2 O30 %
RERCE, AN THEMEHIfTHZ ENTET,

# #  (Acknowledgement)

MTEITOBRTHRE W& E L, b0 V¥ —0FmEE, MR E, filedtE.,
SEHESEAICEILER U BT E T, BEORRIC Z|RBITEE £ L7 DIO Hfoilitk, thkattr 77
FOIIARRE, ILHEE, RS EARSREUER OE AR, MRS HRKBYERTOMARE, 25T
AL B — REASIHEO KRB, RS H B AT v 7 OFnREk, HRASHE KKS O/NEkk, <~
RSO B, EFRE TR S0 & R, RS — &R ERT O —Blkk, R/
FUOMAESHOENEICHEEZR LET, TLT, 20X IRHEE2 52 T IEE o= — %At
HENBARSR TESOERICHEEZRZ LET,
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(1) XZ24%
LN

Gifu University

(2) REERESR
TR TZ w7 HeR - IRk
Press forming die (Progress Die), “Rack Bracket”

(3) H{EEEELHIER
TRV [E] N7 RSP IR B MliE e R~ — NSRBI e 2 o ¥ — B OFEE B
T HulsoE s X~ — NSRRI v 2 — /B R
EEME TR, &§HERfEER (22 —K) | IWTFEER @t 2 —RK) . #)IEANHEEEZ (7
T H—E)
Staff members
Guest Assoc. Prof. M. Taniguchi, Prof. Z.G. Wang, Prof. M. Yamashita, Assoc. Prof. Y.

Yoshida, Assoc. Prof. M. Nikawa, Gifu University Center for Advanced and Smart Die
Engineering Technology

(4) W{EEHE

B T2 (BIFE) 758 4 A2 2E (RUERF)

I A (23%) - R thEE (237%) - M B O(225%) - AEE I (22 5%)
O OFE (22 - =4 AR (225%)

Student members

K. Kawachi, Y. Sato, T. Tanahashi, S. Hibino, S. Minoura, M. Miyoshi

(b) &##EHE Photos of press—forming die

P - - e aE  aa - - o "
- ey - - - — —
el - - S~ —-— - .-
- - s . ™=
-_— -
== I - a0 T
- - > o>

FAEFUIRRE  Die assembly
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Y Lower Die

B Upper Die
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(6) ERRER S
Z v 7 F4: B Rack bracket # ¥ Material : % REAESME SPC270 t = 1. Omm

# 5 Product

TV ATREY 7L Press process sample
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(7) £%X@E Design of forming die

7 Upper Die
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(8) £HIBMEIZHITAHT—~ Theme of press die making
BREEME & R MEDS | e DRREHRUE
Design and fabrication of eco—friendly and economical press die

(9) £FIMZETEF Die design concept

MBS REE O DEWTR LA T U M AREFRNEOEREE O FEH

Achievement in process layout with high material yield and die structure with high
production efficiency.

(10) ITFEFZEH=HITAM YA Study on designing press forming layout

THRERFOFIEE LT, E0 LS I/ EMIET
L0 E O b, MELOTIR & TRRIEF 23R E L
Teo RICT —~ ZFHZBTH720IT ED L D el
WG T 2 MRET LIRS R MR £ 0 & AR
PED 2 RICEHRZEE | JAESHIITLIXETHD
EOfEER E o T,

In the process design, we discussed how to
form the product, and decided the initial
shape of the sheet and the forming stages. As

Feed >

MBI £
Material yield

56.0%

Feed >

the next step, we examined the die structure
that achieves the theme, we concluded that we
should adopt a progressive die, emphasizing
the two points of material yield and

productivity. et )
Material yield
B ED & LV A kS EOOMERRFO R EM & 35.1%
FODLHTZOITIE B Z 2 HIRICT D TRLA T
U EREODTIIE NI TA TR, 0 i R 2
R LT RS 1T 5 FEMTBIR & 45 TR T Rejected plan for product layout

DRIETERC TRRNEFIL CAE fEMNTZTEH L2 5
1T-7,

In order to improve the material yield and
stability during transportation of the
material, we adopted a process layout that
produces two products at the same time. The
material shape of the progressive die, the
forming shape in each process, and the process
order were determined using CAE (finite
element method).

Feed >

MEZRRE £ Y
Material yield

67.4%

LISV EES
Adopted plan for product layout
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(1) IFEHZRATRLEL-HER SRR
Problems encountered in process design and solutions
@ | HiFITRBICBITARIEAR Forming defects in the bending process

FELROMLYA I TIZER’ S D L
EOVEPER LIEERROERE DT
O, HETRORX MY v TRO R
v RZRIUCZA I 7 CHEIES 20N
HD, 1T TRIZ Ny RBREZRNTZ D,
B DR EMTIERO A N »oX e Xy R
ERIZAAI VT THEZTITTI TV HLE
D38 B D3, CAE fi#HT D R TRIE AR B354k
T EDgmol, Lo T, MF S A3
v RE—IKMb L., RIBICEZRE )5 % Bl
BEID2Z&ICEY, Ny FlBEEITO 2 &
THRECE D AE L, NEAZRIE T
EXHZENThoT,

When there is the deviation from the
desired position 1in each trimming
the feed crosspieces will be
during
transportation between forming stages.
Therefore, it is necessary to operate
the stripper in the trimming process and
the pad in the bending process at the
same time. Since the 1st bending process

process,

deformed, causing defective

it is necessary
to press only the feed crosspiece at the
timing the pad
but CAE analysis revealed
forming defect.
verified whether the
problem could be solved by integrating
the bending and the pad and
arranging the pressure source necessary

does not require a pad,

same as in other
processes,
that there

Therefore,

was a
we

steel

for forming, and found that the problem
could be solved

Upper Die

W EHEIE  Initially designed structure
EXUNORANS Y X NE R NDY JAGE LS

Resulting in poor dimensional accuracy and undesired
deformation

BRI Adopted structure
B 72 G 035 Btz

Good shape accuracy and surface quality were obtained.
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@ 2 HIFITRICBITAHIEARE Forming defects in the bending process

B IS AE 7 T VB & 72 0 . CAE FRATIC XV UG IR & U BT D 2 LR
Sinole, Ko T, ®EHR IS O EREE A ORVIAZEZ K E < LIMII~D > THRA 1T/ S
LT Z &7, BELREIMI~LEHSE, LLOORBELZIMIETELZ LR 0ol

It was found that the central part of the product was shrink-flanged, and the CAE
analysis showed that the thickness increased significantly and wrinkles occurred.
Therefore, it was found that by increasing the bite of the upper bending steel at the
center of the product and gradually decreasing it toward the outside, the increase in
wall thickness can be diffused to the outside of the product and wrinkles can be suppressed.

. Lower Die
Upper Die J

HIRREHEAT & 7 L O & CAE Tt 1
[lustration of initially designed die profile and predicted shape with wrinkling by CAE

MR E T L OB & CAE ARSI
[lustration of adopted or improved die profile and predicted shape without wrinkling by CAE

@ G DNRALE & NREDKEERER
Implementation of location and dimensional accuracy of hole
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DERIZDZRMN DT, T EIERTO RERATL & 12 THE & RIRFIZHR < 2 & Tolitgs % ikt
TE RV E R LT, CAE it 2 530 U 7o/ 5, 5L Bl OTRIRELD D72 Rinb 7 T >
VO E TOMBER 3B D Eh, REEKE TRICT/RIKEMNLEZ U THIBE~OZE
PIEIEIRNZ N0 . ZOTREETRM Lz,

In order to ensure the accuracy of the hole position and hole diameter of the product
we thought that it would be ideal to punch the hole after bending. However, progressive
dies require a cam structure, which makes the dies larger and more expensive to
manufacture. Therefore, we investigated whether it would be possible to simplify the
die structure by performing punching at the same time as the outer shape of the product
before bending. As a result of CAE analysis, it was found that there was little change
in the product shape and the distance from the hole to the flange was sufficient, so
it was found that there was almost no effect on accuracy even if the hole punching
process was performed during the outer shape trimming process



(12) £RIZEHZH TS YA  Study on designing press—die
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The person in charge of press die
design was assigned for each process, and after roughly examining the structure
according to the contents of the process design using hand-drawn schematic drawings,
detailed design was performed using 3D-CAD. First, we proceeded with the design
considering only the feasibility of the structure of each process, and periodically
combined the data of the entire process to add parts necessary for product
transportation and common components, so that the press die could be simple and highly
transportable.

(13) €& EDI X Ingenuity of die structure
@ ALY oNE Ny FRO—{t Integrated stripper and pad

WETROARY voSr 2 hTRO/ Sy _
R, Zh6 & RIBEICT 208855 1 i Upper bending tool of
TR Eih 42— G L, & TRICKE the first-bending
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The stripper of the trimming process,
the pad of the second-bending process,
and the upper bending steel of the first-—
bending process that needs to be moved

simultaneously with them were made into

an integrated structure, and the strength .Gas Spring . Stopper O Guide Pin
and arrangement of the pressure source .Slnpper(Sal'ety)

were determined after calculating the

force required for each process. As a ZRY % e 2%y Koo 1 SRS — R
result, it became possible to push down Stripper / Pad / first-Bend Steel Integrated Parts
the feed crosspieces at the same timing

in all processes, and there was no deviation in pitch between processes due to
deformation of the feed crosspieces, and it was possible to produce products with good
product transportability and high dimensional accuracy.
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@ BEWERY 7 & — LALERD
Lifter for transportation between forming stages and p051t10n1ng
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For the lifters that 1ift the product so
as not to interfere with transportation,
block lifters are used in the trimming process, and rail-type lifters that receive
feed crosspieces are used after the primary bending process. Positioning of the
material was performed by a side gauge that receives the material in the trimming
process, and by hooking a positioning claw formed on the feed crosspiece to a lifter

Positioning claw

in the first bending process and later. Since our university does not have a feeding
device for positioning in the feeding direction, we set a running gauge at the rear
end of the feeding assuming manual feeding. Precise positioning before forming was
performed with a pilot pin.

@ HSEEV R LEDLDDOIR

Design for good yield Lﬁf_ Upper Die
HEED W LT A7OICTEY
MOy FEELSTHIENEETH
SRR EE 3 Ry MZT 572012
X, BB E TR FOHOEE 2 #h T
BOLHHNOEEZ/NSLSTLHLEND
BHZEN TR OB TN T, B
Btk & TR BUI AT E iz LT
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RREESROND R/MEEFE T L, 2 i
TAED il FI T RF I T A3 205
NEZTDHZIENTELEITAAY Y
Ty T ERETH I ET, JIEIICS
Mz I D/ INDIEIZERE LT, Z Db
R BEMMNOL T NT, MEHRE

FVDOENTRLLT Y FEREHT S Lower Die Backup
ZENTEL, \‘
In the design process of the 2 #hF TR T i
progressive die, it was found that Upper and lower bending tool
shortening the pitch in the feed of the second-bending

direction is important for improving

the material yield. We also found that the width of the upper cutting steel in the
trimming process and the upper bending steel in the 2nd bending process should be
reduced in order to make the die structure more compact. For the upper trimming steel
in the trimming process, we calculated the minimum width to obtain sufficient strength
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to prevent buckling within the planned production quantity against the pulling force

In addition, the upper bending steel in the 2nd bending process was set to the minimum
width that can sufficiently withstand the forming force by setting a backup so that
it can receive the lateral force generated during forming. As a result, we were able
to design a long—life, compact process layout with high material yield.

@ HEHEH

MRB I OHZOW L2 RICRET AR 7 v FIEENENOY Y 2 — FNERET HZ &
WZEDITWV, Y 2— A% 20° DLEMRETHIZLICED, A=A PEHMREE S5 2 LN T
T,

Scrap generated after cutting products and feed crosspieces is discharged by setting
a discharge chute for each, and smooth discharge performance can be obtained by
securing a chute angle of 20° or more.

(14) £RBEICEEHD A H

I BRI 27—~ % TEREME & RREES S WS ORUE] IZRRE L. MR £ ) &
PEVEDEWTRRE LA 7T U MRS Z 2N OIS T 7 BT, 3G - BUEICED #lAE LTz,

TRLAT 7 MEEHZBWTIE, WIIHEEE D EAEEMEL & < T 20200 Tiliam & H4a,
BEROTREZEEZHLE L, TNOOMAGLHICLVABERA LTV A 7 7 RB5EMR L,
B ED CEEEOR EEBONLULTIEN. TEZEHALTEY £97,

The theme at the Gifu university was set to “Production of eco—friendly and economical
press die 7, and we worked on the design and production after linking the process layout
and die structure with high material yield and productivity. In examining the process
layout, we repeatedly discussed how to increase yield and productivity, and came up with
multiple process plans. We are proud that the process layout adopted this time was
completed by combining them, and we were able to improve both yield and productivity at
a high level.

ZoOKmE, HETEEZEALEZ L H 0 &RORKBYLCER LIRS DT, SRIEGH I
LU E L2y, s oL@ bRl 2 i milE R T A 77 2 LA, BN R a1
N M ZREFHTHZ LIk LE LT,

On the other hand, by adopting the progressive process, the size and complexity of
the die were unavoidable, and the mold design was difficult. However, we came up with
ideas such as common parts and optimal parts placement, and succeeded in designing a
compact mold with no waste.
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We were able to process the die parts smoothly without any trouble. Our teacher highly
praised the extremely high quality of the design and the accuracy of the selection of
tools and the setting of the machining conditions in creating the machining data. Even
in the assembly of the die, it was completed without problems such as interference. We
learned that careful consideration and careful checks in mold design and processing data
creation are necessary to manufacture high quality molds.

BT DA FE TILRREHEA D (2 BAF RIS - 27 T TOPEPEN TR TE 72 2 & A il
LE LT Ju“uu“u’? \ZB\W\ T b CAE fif#T 2 7% A Ltﬁﬁmﬁo/\ﬂ&“ﬁm*%k LT, ZRHKEEE
T LTcm W E DO b DEEETHZENTE, 1 BIEO M IAIWZTEEE TIT) ZENTE
F L7,

SEEDOIEE) TIX I E TOEMES ORBORAE 2B £ 2, HEIEEZ B RGHOEER
®+’\f£ﬁﬁmu ZLRBRNPOEELELEN, (D250 | IZBWTIZ DO X 5 AR F A4 5
WCBIRI)ZENRVEETHDLI LEFRIENTEELL,

RZRIC ARG TEDRIIH L, FAESM T 7 TV BMOWEETEX E L2 2 L IZEGH L
FFET,

In the production of products, we confirmed that good transportability and
product/scrap discharge were achieved as designed. In terms of product quality, as a
result of process review and die design using CAE analysis, we produced the high—quality
products that satisfied the required dimensional accuracy and surface appearance,
therefore. We also succeeded to produce good products in the first trial

During the activities in about a half year, based on the experiences and reflections
of our seniors so far, we worked with careful and careful design and sufficient
confirmation before work. We learned that it is most important to reliably perform such
basic things in Monozukuri.

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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