Knowledge-Based System for Design
of Blanking Dies

Hussein M.A. Hussein, Azza F. Barakat, Wang Fengyin
and Shailendra Kumar

1 Introduction

Blanking die is a single station cutting die which deals with regular-and
irregular-shaped sheet metal parts. It is usually used in the first operation for cut-
ting off the blank when the sheet metal part is manufactured in a serious of stamping
operations. This makes blanking dies (design and manufacturing) an important tool
in sheet metal industries. Although blanking dies seem to be a simple type of die,
yet its design process is complex and requires highly experienced persons. There is
a variety of shapes of blanking dies to produce different types of sheet metal parts
with different sizes, shapes, thicknesses, designs, and material types. Classification
and coding of sheet metal blanking dies can be a good step for knowing the relation
between die part shapes and die shapes. In this chapter, a new classification is
proposed. Blanking die types are classified into two main groups—fixed and
movable stripper types. Each group can be further classified, according to its size
(i.e. small, small-medium, medium, medium large, large, and extra-large sizes).
Each size has its own design characteristics based on the added or removed
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components in its classification skeleton. In fact, optimum design is a tool for
finding out the most suitable size of die.

Computer-aided selection of type of blanking dies that directs to optimum
solution, has not been reported so far in the available literature. It may be the first
time herein to study this idea. This type of research can result in a fully automated
die design system using knowledge-based approach and artificial intelligence (Al).
The computer-aided design and drafting of sheet metal blanking die involves two
main tasks. The first one is the development of the knowledge-base (KB) for die
design; and the second is the parametric design functions.

Research efforts made in the area of computer-aided die design mainly con-
centrated on describing a specific size of blanking dies. For example, Ruan et al.
(1987) developed a blanking CAD system called “SBDS.” Prasad and
Somasundaram (1991, 1992) proposed two systems “CASNS” for sheet metal
nesting, and “CADDS” for sheet metal blanking dies. The proposed systems were
for progressive die. Wong (1992) described a system called BECAM which is
suitable for medium sized dies. Huang et al. (1993) constructed a Computer-Aided
Press-Tool Design “CAPTD.” It deals with small blanking dies. Choi et al. (1998)
discussed a compact CAD/CAM system for blanking die. Nye (1999) proposed a
technique for sheet metal nesting for blanking dies. Hussein et al. (1999) con-
structed JUPITER’99 which is used only for medium-large size blanking dies.
Pacanowski (2000) discussed a computer-aided design of the lower shedders used
in blanking dies. Singh and Sekhon (2003) reported a special package called
AUDIEDR which is suitable for small-medium type blanking dies. Also, Giiriin
et al. (2006) proposed two systems for strip layout and die design using Visual Lisp
and VBA. Shaikh and Desai (2006) used Inventor as platform for blanking dies.
Researchers Zamzam et al. (1988) and Bedewy et al. (1993), from Egypt have also
contributed in the domain of blanking die design. In the domain of KBS/expert
System for blanking die design, Akira (1982) described many shapes and classi-
fications in blanking die designs. Lin et al. (1989) developed a system namely
“ESSCP” for design of a simple blanking die shape. Zhao et al. (2001) discussed
application of hybrid expert system in blanking process. Cheung (2001) reported a
simple blanking die CAD using knowledge-based design. Recently, Sun and Song
(2014) developed a KBS for blanking dies.

In fact, there is no system available till now to deal with all types and sizes of
blanking dies. Rather, the existing systems are suited only for specific shape and
size of blanked part. Therefore, it is meaningful to develop a computer-aided
system for automated design of blanking dies for all types of stampings.

In this chapter, the functions of the KBS for designing blanking dies are first
introduced. The sheet metal parts are analyzed by using methodologies, such as
rule-based reasoning (RBR), which is the most widely used for solving such type of
problems. The input parameters for the sheet metal part are thickness, diameter,
length, width, contour length, area, the degree of accuracy, and quantity of parts to
be produced per month. The output of KBS is in form of a digital number that gives
an optimum design code. The system includes 60 case studies which are taken from
actual and practical die design data base of reputed automotive manufacturers. The
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construction of the proposed system depends on three main programs—AutoCAD
for solid modeling, MS-Access as a database for storing part data, and visual basic
used as a design interface controller. The parametric functions control all the
dimensions of die components with each other. It must be noted that the AutoCAD
software does not support parametric technique, just like CATIA, Pro-Engineer,
Inventor, SolidWorks, and the other recent CAD systems. In the present study, the
parametric techniques under AutoCAD are customized as a tailor-made for
blanking die design. The main purpose of using this technique is to automate design
of blanking die.

2 Knowledge-Based Design Rules for Blanking Dies

In this section, the parameters of sheet metal parts are described for optimum
designs of the sizes of the sheet metal blanking dies. The parts may have holes or
bends but these design features are not considered in the present study.

2.1 Strip Thickness

Strip thickness is considered as the first parameter to be checked. It decides the
main construction of die based on the type of the stripper. Listed in Table 1 are two
rules for the classification of die type based on strip thickness.

2.2 Contour Length

The second parameter, contour length leads to the optimum size of die-block shape.
Die block is the main component of a blanking die. The problem is that the contour
length cannot alone lead to the correct die-block shape. For one specific contour
length there can be numerous shapes. Those different part shapes (the same contour
length with different dimensions) will determine the shape of the die block. To
simplify this problem, there is a need to merge the parameters of part dimensions
and contour length, in order to select the optimum design of the die block.

Table 1 Rules for selection of blanking die

Rules Premises Conclusions

1 Strip thickness (1-6 mm) Use blanking die with fixed stripper

2 Strip thickness (0.5-1 mm) Use blanking die with movable stripper
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2.3 Main Part Dimension (Length/Width/Diameter)

Since sheet metal parts may have different shapes but approximately the same
perimeter, the contour length itself will not lead to the optimum die block shape.
Figure 1 shows four parts with different external shapes having approximately the
same perimeter. Therefore, for each part shape, different die block is to be designed.
The part dimensions alongside with the perimeter will lead to the selection of an
optimum die block shape.

To simplify this problem, the contour length of blank part shape is converted
into a diameter by dividing it by 7. The empirical relationship between the diameter
and the corresponding die block shape is given in Tables 2 and 3. The die sizes are

77.81

965,01
9

34724 347.62 347.06 347.25 13,79

Fig. 1 Different shapes with the same perimeter length

Table 2 In case of blanking die—fixed stripper type

Premises Conclusions

Diameter up to 100 mm Select small size die (DO1), circular
die block insert

Diameter (100-125) mm Select small-medium size die (D02),
rectangular die block insert

Diameter (125-150) mm Select medium size die (D03)

In Case of DO1, D02 and DO03: Select medium-large size die (D04)

If part length or part width > diameter

In Case of D01, D02 and DO03: Select medium-large size die (DO7)

If part shape includes critical zones with ejector

Diameter (150-250) Select large size die (DO5)

Die-set of 2 column, die opening,
segmentation die block

Diameter more than 250 mm Select extra-large size die (D06).
Die-set of 4 column, Ejector,
segmentation die block

If part width per part length is less than 0.33 and if Select large size dies (D05)
contour length is more than 250 mm and if Part
thickness (3—6) mm
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Table 3 In case of blanking die—movable stripper type

Premises

Conclusions

Diameter up to 100 mm

Select small size die (DO0S), circular die block
insert

Diameter (100-125) mm

Select small-medium size die (D09), rectangular
die block insert

Diameter (125-150) mm

Select medium size die (D10)

In Case of DO1, D02 and D03)
If part length or part width > diameter

Select medium-large size die (D11)

In Case of DO1, D02 and D03)
If part shape includes critical zones

Select medium-large size die (D14) with ejector

Diameter (150-250)

Select large size die (D12)
Die-set of 2 column, die opening, segmentation
die block

Diameter more than 250 mm, and
thickness (0.25-1) mm

Select extra-large size die (D13)
Die-set of 4 column, ejector, segmentation die
block

classified into 14 different sizes, 7 sizes with fixed stripper and the other 7 sizes

with movable stripper. For both the groups, dies are coded as follows.

®
(i)
(iii)
@iv)
v)
(vi)
(vii)
(viii)
(ix)
(x)
(xi)
(xii)
(xiii)
(xiv)

Small-size die with fixed stripper—DO01,

Small-medium die size with fixed stripper—D02, and so on.
Medium size with fixed stripper—DO03,

Medium-large size with fixed stripper—D04,

Large size with fixed stripper—DO05,

Extra-large size with fixed stripper—DO06,

Medium-large size with ejecto—DO07

Small-size die with movable stripper—D08

Small-medium die size with movable stripper—D09, and so on.
Medium size with movable stripper—D10,

Medium-large size with movable stripper—D11,

Large size with movable stripper—D12,

Extra-large size with movable stripper—D13,

Medium-large size with ejector—D14.

Each die size of the 14 die shapes has its own die components. Table 4 shows
some of the 7 die sizes with the fixed stripper.
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Table 4 Blanking die (fixed stripper)

H.M.A. Hussein et al.
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Table 4 (continued)

Part Die-block Die holder Punch Punch holder
P . -
Die Stripper Thrust plate Guides Die-set

3 Parametric Design in 2D

In the following sections, the parametric functions are discussed for 2D of fixed
stripper medium-large size blanking die “D04” as it is the most popular die
blanking size.

3.1 Blank Layout

Strip layout is generally done for the purpose of optimizing of the material uti-
lization in blanking die design because averagely, the material cost takes 75 % of
the entire cost of a stamped part. The resulting layout is determined by the nesting
of two blanks to achieve the optimum material utilization.

Numerous studies have been carried out in blank nesting and a number of
techniques have been developed and adopted, such as the Minkowski sum approach
(Nye 1999), and the incremental rotation algorithm (Chow 1979; Nee 1984; Prasad
et al. 1995; Lin and Hsu 1996).

In this system, we adopted the incremental rotation algorithm. When a blank,
which can be a single one or a compound one consisting of more than one blank, is
selected, the paired one is duplicated alongside of the initial one on its right side
with a distance equal to the minimum bridge width between the blanks. At each
rotation, the pitch is determined, the strip width is calculated with the minimum
bridge width is added on both the top and the bottom of the blanks, and the material
utilization is computed by

_n><A
T WxP

n x 100 %, (1)

where 7 is the computed material utilization, n the number of blanks in the com-
pound blank, W the strip width, and P the pitch of the layout.

A list of the data is generated for all the incremental rotational angles. The
rotational angle corresponding to the maximum utilization may be adopted by the
user or any other rotational angle may be chosen for engineering reasons. The
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material utilization data can be viewed graphically on in the dialog box, or in a data
file, see Fig. 2.

It is logic to start blanking die design with the sheet metal nesting, as it is the
process planning of the blanking die. Optimum and economical design of blanking
die depends on the good laying of the blank on the strip. For this reason, taking
blank layout into consideration for the design of blanking die is seen as a
knowledge-based design parameter.

For the new economical layout position of the blank part, the system records this
new position to be the start position for blank part in blanking die design process.
Extreme coordinates of blank part are taken while the part lies in its new position.

For the blank (part) shown in Fig. 2, the optimum layout of the strip is shown in
Fig. 3, which shows the material utilization report for the blank part in its proposed
position. The system stores the blank part in its optimum position/orientation to
control the punch position/orientation inside the die.

3.2 Die Block Boundary

The first parametric relation to be considered in the blanking die design is shown in
Fig. 4. The blank part is surrounded by 4 points which represent the extreme points
of the part. The points are the extreme upper point, the extreme right point, the

Part Layout 5

Reference Fart Uitlization chart

Hest Farameters

Bin dist between Parts: EI
Distance to strip edge: E
Orientation:
Strip Width:

Computed Results
Opt Orientation:
il-%:

Output Fart No

@ 0ne OTwo [ Create Dwg | [ View Data | [ Output Data | [ Cancel |

Fig. 2 Blank layout dialog box
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Material Utilization Reporet
Pitch [mm| = 34.51

Width [mm| = 11255
Rakatian [?] = 141
Area [mm'2 = 2995.92
Weight [Kq/PCl = 0,0235
Material/Part[Kg/PLC] = 4.031
Utilization [%] = 75.56

Fig. 3 Strip layout for the L-shaped blank
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Fig. 4 Die block boundary

extreme lowest right point, and the extreme lowest left point. These extreme points
may fall on three different elements, (points, lines, or arcs). If the point falls on any
of these elements, then a specific equation must be applied. The determination of
coordinates of extreme points for the blank part contour shape is important in case
of margin estimation between blank part and boundary of die. Figure 4 shows an
example of determination of extreme points for the blank part shape and the die
block allowable margins.

To determine the parametric relationship of the fixed stripper medium-large size
blanking die, we must note the following.

The first 12 points extracted from the blank part shape are used as the base for
the other 114 parametric points which are required to accomplish the whole
blanking die design. As the first 12 points are a function of the die block thickness
“H” (Hussein 1999), therefore the cutting force which is determined from a formula
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as given below must be set first. So the die block thickness “H” which is function of
cutting force can be determined.

P = Cutting Force (Kp) =0.8 -6 - ST - CL - FS
where:

6  Material of Sheet Metal
FS Safety Factor

ST Strip Thickness

CL Contour Length (mm.)

H = Die Block Thickness (mm) = +/P(Kp)

Wup = 1.2H(Case of Arc), 1.5H(Case of Line), 2H(Case of Point)
Wip = 1.2H(Case of Arc), 1.5H(Case of Line), 2H(Case of Point)
Wmlp = 1.2H(Case of Arc), 1.5H(Case of Line), 2H(Case of Point)
Wmrp = 1.2H(Case of Arc), 1.5H(Case of Line), 2H(Case of Point)

It should be mentioned here that P1, P2 to P7, P8 as in Fig. 4 are the extreme
points of the blank part, while P9, P10 to P11, P12 are the left and right intersection
points of the blank part boundary with the horizontal axis passing through the
center of pressure. The allowable margins are taken such that:

W1 = 1.2H for smooth curved edges of cut,
W2 = 1.5H for straight edges of cut,
W3 = 2H for pointed edges of cut,

where, H is the die block thickness.

Figure 4 shows the fore-mentioned stated relationship between blank part shape
and both of strip layout and die block dimension. The present methodology in this
proposed die block design is dependent on P, which is the X coordinate of the upper
point, will remain the same for the die block, and the P2, which is the Y coordinate
of the upper point, will change to be P17 which equals to P2 + Wup. The most right
point on the die block boundary P3, P4. P3 which is the X coordinate of the right
point of the blank part, will be changed to P45 on the die block boundary, i.e.,
P45 = P3 + Wmrp. The P4 which is the Y coordinate of the blank part, will be the
same on the die block. P5 which is the X coordinate on the lower point of the blank
part will be the same on the die block boundary. P6 which is the Y-Coordinate of
the lower point of the blank part, will changed to P24, which equals to P6—WIp. P7
which is the X coordinate of the most left point on the blank part will be changed to
P44, which equals to P7-Wmlp. Finally, P8 which is the Y coordinates of the blank
part will be the same on the die block boundary.
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3.3 Die Block Parametres

The whole die block boundary is determined as a function of the blank part extreme
point coordinates or variables, and the die block margin as illustrated in the fol-
lowing formulas:

P17 = Y Coordinate of the Upper point — Die Block boundary = P2 + Wup
P24 = Y Coordinate of the Lower point — Die Block boundary = P6 — Wlp
P44 = X Coordinate of the max. Left point — Die Block boundary = P7 — Wmlp
P45 = X Coordinate of the max. Right point — Die Block boundary = P3 + Wmrp

By this method, the die block boundary could be determined as a merging point
between the four outermost points. For example, the upper right corner is deter-
mined as a merging point between the (Y-Coordinate) upper point and the
(X-Coordinate) most right point. The point is determined by taking the
Y-coordinate from the upper point with the X-coordinate from the most right point.

The new created point is P45(X-Coordinate) and P17 (Y-Coordinate). Figure 5
shows the method of determining the die block boundary points.

3.4 Fasteners and Dowel Pin Position

Figure 6 illustrates some parametric relations (Akira 1982) to determine the fas-
teners position. This position is controlled between the die opening [a3 = 1d] and
the outside edges of die block [al = 1.13d], and then the dowel pin position
determined as [a2 = 1d] and measured from the fastener position. It must be noted
that d is the fastener hole and value equal to [1.1d]. Moreover, Table 5 shows the
recommended fasteners sizes for the designer to select as related to the die block
thickness H (Akira 1982).

Fig. 5 Die block parameters P44,17 P1,17| P4s,17
in 2D />39,23 i P39,1E\
P46,21 | __P46,47

T

-
|
|

P44,8 | [ P4s,4

iP3s,21 | P36,47 E
\P35,23 | P35,18 /

P44,24 P5,24| P4s,24
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__Dowel pin

all a2 a3
|1.134]| 1d || 1d |

Fastener hole -

; ai
I)i_e_b_[‘g‘gl(m_lw/ Die opening

Fig. 6 The fastener and dowel pin position inside the die block (Akira 1982)

Table 5 Permjssibl.e screw Die thickness H (mm) Screw size (mm)
size related to the die block
. <13 mm M4 to M5

thickness
13-19 M5 to M6
19-25 M6 to M8
25-32 MS to M10
More than 32 M10 to M12

In Fig. 6, the parameters of the whole die block design in 2D are shown. The
fastener position could be determined by adding new vertices P18, P23, P35, and
P39. The vertices of the new parameters could be determined by applying the
following parametric formulas:

P18 =P17-1.13 xD
P23 =P2441.13 x D
P35 =P45-1.13 xD
P39 =P444-1.13 x D

Moreover, die opening can be determined by adding 1 mm to the blank part
extreme points as follows:

P46 = P7-1
P47 =P2+1
P36 =P3+1

P21 = P6—-1
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3.5 Strip Boundary

The strip boundary is also a function of the sheet metal blank part extreme points
and strip thickness. The resulted dimensions of the strip boundaries become the
base of the guide rails boundary dimensions and spacing. Figure 7 shows the
relationship between the part extreme points and the strip boundary.

To determine the strip layout boundary, the following parameters are considered.

Nup = the distance between the part upper point and the strip boundary
Nmlp = the distance between the part most left point and the strip boundary
NIp = the distance between the blank most left point and strip boundary

Nup, Nmlp, and Nlp are taken as (1.5 X Strip Thickness), where -

Nup = the upper edge of the strip boundary
Nmlp = the most left point of the strip boundary
NIp =  The lower edge of the strip boundary

Then, the new point vertices are created to determine the boundary of the strip
layout.

P20 = Y Coordinate of the Upper point—Strip Boundary = P2 + Nup
220 is taken as the value of the max right point of the strip boundary
P43 = X Coordinate of the Max Left point—Strip Boundary,

= P7—Nmlp

P22 = Y Coordinate of the Lower point—Strip Boundary,
= P6—NIp
P44 P39 P43 Pl P35 P45

P44,P} P45,P17

{P17
P18
P20

220,°20
&

| PE2

beznpze
- | P23

.
P44, FR4 g P45,P24

Fig. 7 Parametric relationships between blank part shape and both the strip layout and die block
dimension
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3.6 Parametric Relation of Die Holder Plate

In this section, the parametric relation of die holder plate is discussed as shown in
Fig. 8. To get the die holder boundary, four more coordinates are added which are
P27, P14, P32, and P42.

P42 =
P14 =
P32 =
P27 =

X Coordinate for the Upper-left corner-Die Holder Boundary = P44 — 24
Y Coordinate for the Upper-left corner-Die Holder Boundary = P17 + 24
X Coordinate for the Lower-Right corner-Die Holder Boundary = P45 + 24
Y Coordinate for the Lower-Right corner-Die Holder Boundary = P24 — 24

To get the Die Holder Opening, four more coordinates are added which are P46,
P47, P36, and P21.

P46 =
P47 =
P36 =
P21 =

X Coordinate for the Upper-left corner-Die Holder Opening = P7 — 1
Y Coordinate for the Upper-left corner-Die Holder Opening = P2 + 1
X Coordinate for the Lower-Right corner-Die Holder Opening = P3 + 1
Y Coordinate for the Lower-Right corner-Die Holder Opening = P6 — 1

To get the fasteners and dowel pin positions for the die holder the following
parameter formulas are considered:

P40 = X Coordinate of the Die-Holder left bolt position, = P42 + 1.13 X D

P38 = X Coordinate of the Die-Holder left pin position, = P40 + 1.3 X D

P37 = X Coordinate of the Die-Holder right pin position, = P34 — 1.3 X D

P34 = X Coordinate of the Die-Holder right bolt position, = P32 — 1.13 X D

P16 = Y Coordinate of the Die-Holder upper row fasteners = (P14 + P17)/2

P25 = Y Coordinate of the Die-Holder lower row fasteners = (P24 + P27)/2

Fig. 8 2D die holder P42,P14 P33PL4 P24

parameters F40.P16 P33 FI6 P37,P16 P34F15 -\PBE,PLS
p.mgy \Jn:,m

P46.P47 P36,P47

STOP PIN
P4L,0

©)

P46,P21 P3&,P21

PESFE3
944’;}24 Vrsspes

P40,FES PIG,FES Pa7.PES P34F2S
Q\ /’
P4az2.p27 Pag,rpa7
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To get the position of the stop pin position, the following formula can be
applied:

P41 = P44 — 125

3.7 Parametric Relation Between Die Holder Dimension
and Die-Set Selection

The proposed system database includes seven different sizes of die-set which are
used in an industry. To select the suitable die-set, the program checks the length and
width of the die holder, and then checks which of company’s die-set is suitable to
include this die holder. Figure 9 shows the schematic drawing of die-sets. The main
dimensions of die-set are presented in Fig. 10 in which the shadow area shows the
available area to include the die holder. If the die holder dimensions exceeded the

BR4Se-010—-N008
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rd Y - ~ s
e \;i""/\ i
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Fig. 9 The schematic drawing of die-sets
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Fig. 10 The main dimensions of die-sets

shadow area, the program starts automatically and parametrically to design a new
die-set (Hussein 2006). Moreover, Table 6 shows the decision table of die-sets for
the products manufactured by the company provided with necessary dimensions.

To select the optimum die-set type and to define the position of the shank, a
knowledge-based system is developed. The sample of rules incorporated in the
proposed system is given in Table 7.

Table 6 Decision table of die-sets

Drawing No. aXb L L1 |Left (dl) |Right (d2) [a X bl b X al

B9429-010-N004 | 250 X 250 | 190 24/23/25 | 24/25/26 250 X 188 | 138 X 250
B9429-010-N005 | 315 X 250 |200 22/31/33 | 30/29/31 315 X 119 | 184 x 250
B9429-010-N006 | 315 X 315 |200 32/31/33 | 30/29/31 315 X 184 | 184 X 315
B9429-010-N007 | 400 X 315 |200 32/31/33 | 30/29/31 400 X 184 | 269 X 315
B9429-010-N0O08 | 500 X 400 |220 32/31/33 | 40/39/41 500 X 249 | 349 X 400
B9429-010-N009 | 630 X 400 |220 42/41/43 | 40/39/41 630 X 249 | 479 X 400
B9429-010-NO10 | 710 X 400 |220 |10 |52/50/53 |50/49/51 710 X 221 |531 X 400

0|00 |00 |0 | 0|\

Table 7 Sample of rules incorported in the knowledge-based system for selection of die-set type
and shank position

IF THEN

(P9 — P3) < 531& (P4 — P6) < 221 K = ((P4 — P6)/2) + 400, Insert B9429-010-NO10
(P9 — P3) < 479& (P4 — P6) < 249 K = ((P4 — P6)/2) + 400, Insert B9429-010-N009
(P9 — P3) < 349& (P4 — P6) < 249 K = ((P4 — P6)/2) + 400, Insert B9429-010-N008
(P9 — P3) < 269& (P4 — P6) < 184 K = ((P4 — P6)/2) + 300, Insert B9429-010-N0O07
(P9 — P3) < 184& (P4 — P6) < 184 K = ((P4 — P6)/2) + 300, Insert B9429-010-N006
(P9 — P3) < 184& (P4 — P6) < 119 K = ((P4 — P6)/2) + 250, Insert B9429-010-N005
(P9 — P3) < 138& (P4 — P6) < 138 K = ((P4 — P6)/2) + 150, Insert B9429-010-N004
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If condition is within the required range, then the result will be as follows: The
selected die-set drawing will insert automatically in its position in the AutoCAD
drawing file with respect to the other items of the blanking die. The factor k will
take a value. The value of k is responsible of the insertion point of the shank in the
AutoCAD drawing file. The shank must be inserted in its position in the upper plate
of the die-set. Databases of shanks are added for this reason to the system as shown
in Fig. 11. Another k factors k1 and k2 are taken into consideration to decrease the
number of parameters required for design and drafting of the blanking die.

The full sketch of the parametric blanking die design in 2D is illustrated in
Fig. 12. It must be noted that the whole structure of the blanking die can be
achieved by 114 variables. Those 114 variables are determined after a significant
simplification of the drafting arrangement as illustrated in Fig. 12. The traditional
drafting arrangement will cause a large number of variables which will be necessary
for blanking die construction. The problem in 3D parametric designs is easier, since
the computer deals with every component as package and the number of variables
decreases significantly.
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(b) Plan for the lower group of blanking die

Fig. 12 Sketch of the parametric blanking die design in 2D
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Fig. 12 (continued)

4 Parametric Design in 3D

The parametric design in 3D is slightly different from the previous one. Figure 13 is
a schematic drawing shows seven different parametric relations, which describe the
main design idea or the proposed die codes. Each of the proposed die code has its
own features which are suitable for producing the optimum blanking die design.
The results of the suggested parametric relations as described in Fig. 13 are illus-
trated in Table 4. The knowledge base concerned with this table is discussed in
Hussein et al. (2008). The parametric relations translated into variables by using the
visual basic program. It is very difficult to define all those variables for the different
14 subprogram into the visual basic.

As a progressive step, a nested parametric relationship is suggested as shown in
Fig. 14. The nested technique decreases the number of variables from about 350
different variables to about 30 variables only. Table 8 shows the nested parametric
formulas suggested for constructing all 14 die codes in 3D Blanking Die Design.

This progressive step—nesting in die code parametric relationships has led to
another progress which is the nested program modules. Table 9 shows how the
nested program module simplifies the suggested die code paths which are suggested
in Table 4. Moreover, the nested modules include the sub nested modules. As
example, the die opening is a separate module runs from inside the die block
module. The die opening module is illustrated in Fig. 15. Moreover, Fig. 16 shows
the assembly and the disassembly of a 3D blanking die design resulted from the
system. A Case study for selecting of AutoCAD version, selection of the optimum
die code, and finally constructing 3D die design are shown in Figs. 17, 18, and 19
respectively
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Fig. 13 The parametric relation of the die code for 3D blanking die design
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Table 8 Nested program modules in case of blanking die

¥-403

Diecode | D01 | D08 [D02 [D09 [D03 [D10 [D04 [D11 [DOs[ D12 [DO6 D13 [DO7 | D14
Die block ° . o o
Die holder Nothing

~ | o
Punch

Punch holder

Stripper

Fixed stripper

Movable stripper

Thrust plate

Guide plates

Die set

As discussed in Sect. 2.6 in Chap. Generic classification and representation of shape features in sheet-metal

parts.

Ejector

Nothing

()
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Table 9 3D nested parametric relationships in case of blanking die

Die part

Parametric design formula

3D Part shape

Die block

In case die code DOl and D07
R1 = Determined by program code
R2=R1 +5 R3=R1+10,R4=R1+11,R5=R1 +1

In case die code D02 and D09
A0l = P2 + Wup, A02 = P3 + Wmrp, A03 = P6 — Wlp,
A04 = P7 — Wmlp

Die code D03, D04, D05, D06, D07, D010, D11, D12, D13, D14
BO09 = A02 + 24, B10 = A04 — 24, B11 = A0l + 24,

BI2 = A03 — 24

BI3 =B09 — (5 + d/2), Bl4 = BI0 + (5 + d/2)

B15 = B09 — (10 + d + (1.8 * d/2)),

B16 =BI10 + (10 + d + (1.8 * d/2))

B17 =Bl1l — (5 + d/2), BI8 = BI2 + (5 + d/2)

XY

Die holder
plate

In case die code DO1 and D07
B09 =R2 + 10, B10 = —R2 — 10, B11 = R2 + 10,
B12=-R2 - 10

Stripper
plate

In case die code D02 and D09
All = A02 + 5, A12 = A04 — 5, A13 = All + 1,
Ald=Al12 -1

Thrust
plate

Die Code D04,D05,D06,D07,D11,D12,D13,D14
A05 = A02 — (5 + d/2), A06 = AD4 + (5 + d/2),
A07 = A02 — (10 + d + (1.8 * d/2)),
A0S = A04 + (10 + d + (1.8 * d/2))
A09 = AOL — (5 + d/2), A10 = AO3 + (5 + d/2)

Guide
plates

B19 = B09 + 100, B20 = B19 — (5 + d/2)
B2l = B20 — (5 + d/2), B22 = B11 — (10 + 1.8 * d)
B23 =BI12 + (10 + 1.8 * d)

\ \‘“ S

Apply on Apply on Apply on Apply on
D02,D03, High accuracy D06,D07 DO1, D08
D04,D05, Compound die D13,D14 And Piercing
D09,D10,

D11,D12

Fig. 15 Straight land and relief angle
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Fig. 16 The assembly and disassembly of the fixed stripper small size blanking die example
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Fig. 17 Selection of the AutoCAD version
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Fig. 19 The automated design of 3D blanking die
S Conclusion

Parametric design of the sheet metal blanking die in both 2D and 3D is discussed.
The parametric formulas for each component in both 2D and 3D are described in
details. A list of 14 different shapes of the blanking die is also described, in both of
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fixed stripper type and movable stripper type. An innovation of nesting the 14
shapes into similar modules is also shown in this chapter. The proposed system can
be foundation for development of a knowledge-based system for automated design
of all types of sheet metal dies.
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