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Automated Forming Sequence Design System
for Multistage Cold Forging Parts

J. C. Choi’, B. M. Kim", E. H. Lee™, S. W. Kim"™, H. K. Kim"™

ABSTRACT

This paper deals with an automated forming sequence design system by which designers can
determine desirable operation sequences even if they have little experience in the design of cold forging
process. The forming sequence design in the cold forging is very important and requires many Kinds of
technical and empirical knowledge. The system is proposed, which generates forming sequence plans for
the multistage cold forging of axisymmitrical solid products.

Since the process of metal forming can be considered as a transformation of geometry, treatment of
the geometry of the product is a key in planning process. To recognize the geometry of the product
section, section entity representation and primitive geometries were used. Section entity representation
can be used for the calculation of maximum diameter, maximum height, and volume. Forming sequence
for the part can be determined by means of primitive geometries such as cylinder, cone, convex, and
concave. By utilizing this geometrical characteristics(diameter, height, and radius), the product geometry
is expressed by a list of the primitive geometries, Accordingly the forming sequence design is
formulated as the search problem which starts with a billet geometry and finishes with a given product
one.

Using the developed system, the sequence drawing with all dimensions, which includes the proper
sequence of operations for the part, is generated under the environment of AutoCAD. Based on the
results of forming sequence, process variables(strain, punch pressure, die inner presswre, and forming
load) are determined,

key words : Forming sequence design(F424)), Multistage cold forging(GFet7ha2), Axisymmetrical
solid product(Z2MZE 44| E) Section entity representation(=H.84F#), Primitive geome-
try(7] 284, Sequence drawing(&3E). Process variable(F39¥)
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Fig. 2 Structure of an automated forming
sequence design system.
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Variables Punich Die Forming
Strain |pressure |pressure (load
Process kg/mm?] ([kg/mm?] {[tons]
Cropping 271.73
Trap extrosion| 0.91 133.95 112.20 9468
Trap extrusion| 062 11249 90.83 7951
Cylinder upset | 1.33 104.28 104728 27837

Table. 2 Qutput of process variables (part 1-1)
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A - 2 - o)d3 - A - 25
Variables Punch  |Die Forming Variables Punch Die Forming
Strain |pressure |pressure |load |Strain [pressure |pressure  (joad

Process [ke/mm? |[keg/mm?l {[tons) Process [kg/mm?] |[Kg/mm®] |[tons]
Cropping 3562 Cropping 890
Trap extrusion| 1.16 13620 11454 | 12366 Trap extrusion!| 0.89 17574 154.08 29.89
Trap extrusion | 0.87 11899 97.33 | 10803 Trap extrusion| 0.70 13422 112.56 30.46
Open extrusion| 0.25 43.32 21.66 39.33 Trap extrusion| 0.54 12251 100.85 2781
Cylinder upset | 1.08 99,60 9960 | 265.89 Cylinder upset | 0.24 55.19 55.19 15.65
. Cone  upset | 0.39 68.07 46.42 36.14

Table. 3 Output of process variables (part 1-2)

Cylinder upset | 0.22 59.60 59.60 3164
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Table. 4 Output of process variables (part 2-1)
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Fig. 12 Sequence drawing for part 2-2

Variables Punch Die Forming

Strain |pressure |pressure  |Joad

Process Ikg/mm?] |[ke/mm?’] |[tons]
Cropping 19
Trap extrusion| 1.05 141.62 115.56 53.83
r(_)pen extrusion| 0.35 46.17 2451 613
Open extrusion| 0.16 30.86 9.20 410
Trap extrusion| 052 8801 66.35 33.46
Open extrusion| 029 46.30 24.64 17.60
Cylinder upset | 045 69.51 69.51 3691

Table. 5 Qutput of process variables (part 2-2)
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