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1. INTRODUCTION

Die development is one of the most exact working of all the
areas of the general field of press tool developing. The die
engineering originates develops of dies employed to stamp and
from sheet metal, assemble parts together, and perform a
variety of other operations.”

The first step of die design may include components or devices
to locate or guide the sheet metal strip. Idle stages of no
working are used spread out, closely spaced or to better
distribute the forces regarded to perform the work.

The progressive die with multi-stage performs a series of
sheet metal working at two or more stages during each press
stroke to produce a piece part as the strip stock moves
through the die tunnel press working for the optimum die
design and its making has been become the purpose of
industry by strip process layout with multi*stages.l’Z)

We used the part of ordinary product in industrial production
line or society of our general living field as this paper subject.
So, this study needs a whole of press tool data, our field

experiences, and theoretical instructions.
According to upper knowledges, this study could be approached

to the optimum die design. Furthermore the aim of least

defects could be obtained mostly by revision on the try out.



2. Die Design
2.1 Die Development System

Fig.1 shows the flow chart of die development procedure. In
this figure most of them are related to this study.

Fig.2 shows the die development system. In this system, it can
be known that the production engineering, die making
technology, standardization, trouble shooting, man power,
purchase, tool, material, etc. are connected to software and
hardware, corresponded instructions of wide and deep
technology and its theoretical background.

Analysis of production part
Function of pant
Part dimensions
Adaptability of press working
Material discussion

!

| Planning of Work Method

“Number of process -

Specification of press
Automatic Technology & Feeding
|Stiip process layout designl

e Modeli'ng e
Part & Stiip process layout
Iy
| Simulation by FEM |

{Die Making. Assembling, Tryout |

Fig.1 Flow chart of die
development procedure



< Hardware - ~Software -

Purchase - Pr9ducj(
Supply SRR Engineering
Component
Product

Standardization Manufacturing

_ Die Making
Material Technology
Tool Standardization

Machine Tool " Man Power ) Trouble Shooting

Fig.2 Network of the die developing system



2.2 Analysis of Production Part

Fig.3 shows the production part. This production part could be
calculated blank diameter for blanking by following formula.

Table 1 shows the chemical compositions of strip material STS
304 stainless steel, also Table 2 shows the mechanical

properties.

Where, t = 05 mm, STS 304
Blank diameter with trimming allowance D = ¢ 555 mn
Fig.3 Production part drawing and its blank diameter



Table 1 Chemical compositions of STS 304 (Wt. %)
C Mn Si P
0.06 142 0.44 0.18
S Cr Ni N
0.18 18.38 8.19 0.0573
Table 2 Mechanical properties of STS 304
Yield Tensil Reduce of |
e gaste Elongation cduee:o Hardness
Strength | Strength (%) area ‘ (Hv)
LECHE ; v
(Mpa) | (Mpa) ° (%)
343 852.6 66 77 195

3. Back Ground of Data Base

3.1 The Clearance

The clearance means the gap between punch and die block as

one side on couple side.

Following Table 3 shows the clearance of one side of various

sheet metals from data.

It was selected that the clearance of this study is within 4.0

percent of material thickness.

Table 3 Clearance of sheet metals from data®

‘Material |Clear. Allow. %| Material |Clear. Allow. %

Aluminum 6.0 Soft steel | 3.0
Brass 3.0 Medium steel | 35
‘Copper 3.0 Hard steel 4.0




3.2 Calculation of Blank Diameter

Fig.4 shows the out line dimension of production part for blank
diameter calculating, also we selected following formula for

adaptable calculation by data base.

ht d1

Fig.4 Out line dimension of production part

DOI\/ d22+4( d] k1+ d2 hz) ______ 1)

Do : Blank diameter

d; : Large diameter

d2 : Small diameter

h; : Top drawing height

hs : Bottom drawing height



3.3 Scrap Strip Allowances

It is important that correct bridge allowance (web size) be
applied between blanks and edge of the strip.

Excessive allowance is waste scrap of material. Insufficient
allowance becomes the result in a weak scrap strip subject to
possible breakage with consequent slowdown on the press line.
In addition, a weak scrap area around the blank can cause
dishing of the part.!”™

Peripheries of blanks may be classified under the distinct
outline shapes.

In the illustration,

1) Curved out lines. For these, dimensions A in Fig5 are given

a minimum allowance of 70% of the strip thickness T.

2) Straight edges. Dimensions of B and B’ depend upon the
length of the bridge, dimensions L and L’ respectively.
Where L or L’ is less than 75mm, B or B’ = 1T, respectively.
Where L or L’ is 75mm, B or B’ = 1 1/4T, respectively.
Where L or L’ over 200mm, B or B’ = 1 1/2T.
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(b) Straight edges

Fig.5 Classifications of blank peripheries to aid in determining

Scrap strip allowances (web size) for one—pass layouts
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On the other hand, Fig.6 shows the scrap strip allowance, pitch

size, scrap strip width, and the others when the circular

lancing type progressive die of drawing is performed.B)
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Fig.6 Various dimensions on the scrap strip of

circular lancing type drawing

Table 4 Values of ni, n2

Dg [} ni [mm] nz [mm]
~10 1~156 15~2
10~30 15~2 2~25
30~ 2-25 25~3

Do : Blank diameter [mm]

b : Allowance [mm]

D = Dotb

n; : Scrap strip allowance for feeding (Bridge)
nz - Scrap strip allowance for periphery (Web)

-11 -



3.4 Drawing Ratio

The drawing ratio is shown on Table 5 by Romanovski. "

Table 5 Drawing Ratio

Drawing t/D X 100 Remarks

Ratio | 515 | 15~10 | 1.0~06 | 06~03 |0.3~0.15 |0.15~0.08

my 0.48~0.50 | 0.50~0.52 | 0.53~0.55) 0.55~0.58 | 0.58~0.60 | 0.60~0.63 | 1st mawing
mg 0.73~0.75 | 0.75~0.76 | 0.76~0.78 | 0.78~0.79.| 0.79~0.80 | 0.80~082 | 2nd -
m3 0.76~0.78 | 0.78~0.79 i 0.79~0.80 | 0.80~0.81 | 0.81~0.82 | 0.82~0.84 | 3rd ~
my 0.78~0.80 | 0.80—~0.81 { 0.81~0.82 | 0.82~0.83 | 0.83~0850.85~0.86| 4th

ms 0.80~0.82 | 0.82~0.84 | 0.84~0.85 | 0.85~0.86 | 0.86~0.87 | 0.87~0.88 5th »

Where
t : Scrap strip thickness [mm]
D : Blank diameter [mm]

When we decided the drawing ratio. It was considered the

values of Table 5 and our experiences.

- 12 -



4. Die Design and Its Consideration

4.1 Design of Strip Process Layout

The disposition of each operation on strip feed unfolding is the
display with constant repeatedly. Due to upper cause, it must
be enough that the decision of feeding distance (advance,
pitch) and disposition of each operation on the strip layout
must be peformed exactly. The check list when analyzing the

preliminary strip process layout is as follows.”

What stations can be eliminated by combining with another stage.
Are good die steel conditions maintained?

- Does movement of part between stations require a stretch
web?
Are 1idle stages provided to permit "breating” of strip, if
stretch web is not feasible?
Provide for pitch notch(s), if possible, to maintain proper
progression.

- Avoid sight stop for first hit, if possible.
If possible, pierce in first stages and pilot in second station
to establish pitch control.

- Provide adequate pilots for all subsequent stations.

- Is there room for stock lifters to permit free flow of strip
during feed?

- Are close tolerance holes pierced after forming to eliminate
development of hole location?
Use an overlay sheet to run a simulated strip through the
die to check each operation and spot any pieces of scrap
which might be left on the die.

- 13 -



Tool designer’s intention must consider that the best utilization
ratio can be found at the top of operating arrangement.
This is the optimum method of initial die design.lws)

At this time we must refer the web size on the strip from
database and experience too. Fig.7 shows the strip process
layout design procedure.

For the design of strip process layout, the first step is how to
decide the feeding method which is according to the quantity
of production part, material properties, and material thickness,

the second step is same as the flow chart in Fig.7.

Decision of web size | | Select side cutting(allowance) | | Piloting method

) . Design flow
Discussion of
multi row Part review
Drawi Calculation
rawing of advance
Translation
rotation Calculation of
utilization of ratio
Advance calculation

Graphic display

Graphic display " Discussion
with field

Fig.7 Flow chart of strip process layout design system

_14_



The following strip process layout (see Fig.8) was designed
from the production part drawing see (Fig.3).

For the strip process layout, it was considered that the proper
sizes are strip width, web size, pitch (advance), side cutting

1% the first stage performs piercing

selection (allowance), etc.
circular lancing@, the second performs circular lancing@ and
ptloting, third stage works idle, fourth stage works drawing@
and piloting, fifth stage performs piloting (pilots work to make
the stability of strip feed and location) and drawing®), sixth is
drawing@® stage, and seventh stage works drawing@ and
piloting too. The eighth stage works piloting and drawing®.
Ninth stage works thin drawing and piloting, tenth stage
works embossing and piloting, eleventh stage is piercing and
piloting stage, twelve stage works burring@® and piloting,
thirteenth stage also works burring® and piloting, fourteenth
stage works sizing and piloting. The last of fifteenth stage
works trimming, piloting, ejecting of completed part through
the out let of die shoe hole and press table hole with bolster
of the press table.

Idle stages have function for die allowable space and die
trouble shooting of before or next stage failure. Therefore the
strip process layout comes in the result as Fig.8 (drawing of

strip process layout) * ¥

_15_
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Fig9 shows the result of strip process layout modeling by
I-DEAS. In this figure, it can predict to distinct whether the
adaptability is sufficient or not.

cr Copo
ter Series 7

Design

‘Design

11 Masler Madeler

[ NI

Fig.9 Result of strip process layout Modeling by I-DEAS

- 17 -



42 FEM Analysis of First Drawing and Consideration

for Prediction

The FEM (Finite Element Method) is the computing program
which is used to analyze a thin sheet metal forming.

First of all, 1st drawing part is are modeled to not a solid part
but a surface part by the I-DEAS. After modeling, it is
transformed by the Fam-Stamp, but the surface is not
correctly transformed so that we properly need to modify the
surface.

After modeling, we divided a mesh by Auto-Mesh system in
Fam Stamp, the mesh size was 3 level, 1st Drawing pressure
was 1.9 ton, the holder pressure was 30~40% of drawing
pressure, the value was 0.6 ton.

This diagram is result when we used a material STS 304
stainless steel.

Fig.10 shows the displacement of node versus time.

In this figure, the dotted line number@ is meaning of the
displacement by 3.3sec to the bottom of drawing part.

The dotted line number® shows the displacement of medium
height wall in drawing part.

In this figure, the dotted line M® is showing a smooth trend.
Also the dotted line number® shows the least displacement of
producted part on the blank holding force area as flange of
part.

So, we considered that the displacement versus time curve is
not found the error of FEM analysis for prediction.

Fig.11 shows the profile of blank and the position of each
node.

- 18 -
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Fig.10 Each Node Displacement vs. Time

Fig.11 In Each Node Position
on the blank
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Fig.12 shows the average velocity versus time in the operation
of FEM by Fam Stamp.

From point 1 to point 3, the velocity of punching is rapid
increase phenomena, so it is meaning that the initial drawing
1s very easier that after progression to contact lowest point of

drawing range.

T T T T T T T T T

l Average Velocity magnitude/Time e e

Average velocity

Fig.12 Average Velocity vs. Time

_20_



IFig.13 shows the status of blank mesh form (a) to (d) among
the twelve kinds 12 steps.
In these figures, the featurc of phenomcna 1s normal type of

drawing operation prediction at the Ist drawing station.

1/12-mesh

5/12-mesh

_21_



9/12-mesh

)

C

(

-mesh

12/12

)

d

(

3 Status of blank Mesh

.
<

Fig.1

_22_



Fig.14 {from (a) to (d)} is selected twelve kinds of pressure
distribution of necessary for 1st drawing.
At this time we used property value of matter of this

production part as the following Table 6.

Table 6 Property value of matter

Physical factors kVal‘u‘e
Density 8¢ ™ ke/mi
Number of integration point 3 (Default)
Young's modulus 193~200 GPa
Poisson’s ratio 0.3 (Default)
Pressure 19 ton
Blank holding pressure 0.6 ton

The result of these figure in Fig.14 {from (a) to (d)} was
distinct that the 1st drawing is performed fine operation on the

tryout for prediction to next drawing process.

_23_



1/12 Pressure
(a)

Ha rernsl precoore

3/12 Pressure
(b)
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5/12 Pressure
(c)

e 40

9/12 Pressure
(d)

Fig.14 Pressure distribution on the blank of necessary for 1st drawing
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Fig.15 {from (a) to (e)} shows the transformation of material
thickness of 1st drawing as a step by step to thinning.

In this phenomena, we considered that the material thickness is
going to be safe on 1st drawing.

So it 1s considerate that the 1st drawing is not occurring error

to design for next operation.

SIWTE U
wziran 4O £
CIRIE ¢

(a)

3/12 Thinning
(b)

_26_



(c)

12/12 Thinning
(e)

Fig.15 Transformation of material thickness
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The FLLD Curve is Forming Limit Diagram in Fig.16.

The arca over Center Curve means a material’s tearing and the area
under Center Curve means a material’s properly forming.

So we could predict that the next drawing is sufficient drawing

allowance in material thickness.

FLC_O
FLC_O_offsct_-0.100000

-- ¥All FLD Points STATE: 1! <Lg
FLC_1
rLC_1 offset_—0. 100000

N
.4
.2
1l
.g
.6
.4
.2

Fig.16 FLD Curve
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4.3 Application of Auto-Lisp Under the Auto-CAD

and Window environment

Fig.17 shows the one of die components drawing by Auto-Lisp
under the Auto-CAD system and Window environment, namely,
pilot punch drawing. The other die components were followed
as this method and experiences.

Also this result was obtained from the program of Auto-Lisp
under the Auto-CAD and window environment. Die components

shape and its dimensions.

It was considered very available that the program of Auto-Lisp
9~13)

application to design of the die.

o]

11 ]
e

: iﬂ
~Of e |_riae
5

m PILOT PUNCHS
1 3¢

Fig.17 Die component drawing from
Auto-CAD and Window environment
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4.4 Die Assembling

There are several kinds of die set in the database according to
the industrial today’s situation.

Sometime in particular field, they make special type steel die
set for high precision die assembling function.

In this study, we considered the automatic roll feeding of
material strip for mass production above one hundred
thousands of quantity of production parts necessary for
precision production. Therefore we selected special type steel
die set for high precision production part.

In design also the guide post must be installed in the die shoe
block size allowance through the accurate guide bushing fit.
The die set of steel has 4 outer guide posts type for a
precision working and high pressing force of production
part(additional guide posts were 18 inner guide post in die
block region). Fig.18, Fig.19, and Fig.20 show the resuli
assembling die drawing.

From Fig.18, Fig.19, and Fig.20 it could be known the split die
design system.

The split die system is very essential design and making
system in die assembling and its trouble shooting for ultra

pression die 3713

_30_
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4.5 Die Components Design

Upper die assembly design was spreaded to die components
design Fig.2l, but too many components include in this
progressive die, so we selected punches and die inserts on split
die ™%

About die inserts treating, Ferrotic steel was used by its
maker’s suppling by orders, and then die inserts machining
was performed by mirror machine tool and hand finishing
finally. Especially, die insert’s radius shoulders were finished
as a mirror surface by too many times hand polishing with a

lot of times.

_34_
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Fig.2]l Die component drawing of punch and die insert system



The material lists of die components is shown in table 7.
Especially attention of this table, a lot of components have the
hardness of Rockwell test as a feature of ultra precision die

for long run operation of press working with mass production.
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5. Die Making and Its Consideration

Fig.22 shows the progress of CNC machining center working.
Fig.23 shows the press die working system. Fitting tolerances
are very careful factors for die making because whole die
assembling method must be within fine alignment of punch and
die activities for the symmetrical equalized to the left and
right side each other.”® In this study, we used ordinary
machine tools, CNC machine tools, wire cut EDM, etc. On the
accuracy of each fitting component, the first consideration is
that the guide bush and guide post(outer or inner) tolerances
are H7(hole) h6(shaft) for a side fitting and the die set and
guide post tolerances are H7(hole) p5(shaft) for a tight fitting.
Punch plate and punch tolerances are H7(hole) m6(shaft) for a
tight fitting with minor interference. The second consideration
is stripper and the punch tolerances are H7(hole) h6(shaft) too.
Die inserting hole and die insert button are H7(hole) and m6
for tight fitting with minor interference.®” Fig.24 shows the
wear amount of die materials.

In this figure we can select the adaptive die block material
STD11 and die inserts material Ferrotic is available to the
punch and die characteristics in this case of ultra precision die.
Punch and die block is main part in die making. In this study,
we decided the size of punch and die block depending on data
base, theoretical background and our own field experiences.
The machining of punch and die block are included to the
precision machine tool working, continually raw material
cutting, milling, turning, drilling, shaping, profiling, and then
heat treating, electronic discharge machining (EDM, Wire-Cut),
jig grinding, especially, CNC machining and mirror machine
tool see at the Fig.25° ¥
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Fig.24 Comparative materials of punch and die
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(b) Rapid profile laser machine (C)
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(c) Wire electric discharge machine (D)

(d) Wire cut(E), turning m/c(F) and power drilling m/c(G)

Fig.25 Die making machine tools
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6. Result of Tryout and Its Consideration

Fig.26 shows the result of strip process layout modeling by
I-DEAS, also Fig.27 shows the actual strip process result from
tryout working. In this actual process strip, we could confirm
the real process for making the production part. Also we
checked every size of production part with tolerance control.
We could find the jamming problem while the material strip
feeding through the guide tunnel of the front gage and back
gage method on the die block surface.

Also, when the material strip passes through the tunnel, the
operation roll feeding device must be checked very exactly.
The trouble shooting of this problem comes from die setting
skill and technology. Furthermore, the production part from
tryout was very fine by inspection, too.

At this time, the check of die failures was performed through
the production part and actual strip of every stage with punch
and die edge by the checking and measuring with fin
instrument.

We considered that all of the failures cause are associated
those stresses present in the die.

Fig.28 shows the result of production part modeling by
I-DEAS also Fig.29 shows the actual producted part by tryout.
Through the comparison of Fig.28 and Fig.29, we considered
that both figure have minor outstanding on the production part

. . . 9~13
dimensions and its accuracy. )
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(d) 10~13 stage of strip process layout modeling

(e) 12~14 stage of strip process layout modeling

Fig.26 Result of strip process layout modeling by I-DEAS
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<+—— Feed Direction

(c) 7~10 stage of actual strip process layout
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(d) 10~13 stage of actual strip process layout

(e) 12~14 stage of actual strip process layout

Fig.27 Result of actual strip process layout by tryout
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Fig.29 shows the result of tryout namely real production part.
In this result, we considered that the shape and size with

tolerance were satisfied.

Fig.28 Result of production part modeling by I-DEAS

Fig.29 Actual producted part by tryout
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7. Conclusion

In order to prevent the defect occurred of die design and

making, this study developed the practical and adaptive die

assembling and its components.

This study could be carried out by the theoretical back ground,

data base and our field experiences.

The result are as follows;

(1)

(2)

(3)

4

(5)

The data base and practical experiences were adaptable for
die design comparatively.

The result of high quality production part can be obtained
from die design to its making through the modeling and
FEM analysis.

Computer aided die design was adaptable for die design
because it could have prediction to prevent die making
failure.

The split die making system was effective for die
assembling function and trouble shooting.

For the continuous die assembling function’s increasing,
the revision of die components were necessary with die
components accuracy on the tryout progress.
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Development of Multi Forming Type Progressive Die for STS 304 Sheet Metal

Yul-Min Sung

Department of Environmental Engineering,

Graduate School of Industry
Pukyong National University

Abstract

The progressive die are multiple operations performed by means of a die having above
two stages, on the each of stages performs a different operation as the sheet metal
passes through the die tunnel.

In the field of design and making tool for press working, the progressive die for
sheet metal (STS 304, thickness :0.5mm) is a specific division. In order to prevent
the defects, the optimum design of the production part, strip layout, die design,
die making and tryout etc. are necessary They require analysis of many kinds of
important factors, i.e. theory and practice of metal press working and its phenomena,
die structure, machining condition for die making, die materials, heat treatment of

die components, know-how and so on. In this study, we designed and constructed a
progressive die of multi-stage and performed try out. Qut of these processes the

die development could be taken for advance. Especially the result of tryout and its

analysis become the characteristics of this paper that nothing might be ever seen
before such as this type of research method on all the processes.
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