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Development of Process Planning System for Cold
Forging of Non-axisymmetric Parts

B. K. Lee, H. H. Kwon and H. Y. Cho

Abstract

A process planning system for cold forging of non-axisymmetric parts of comparatively simple shape
was developed in this study. Programs for the system have been written with Visual LISP in AutoCAD.
Shape of the product must be drawn with the solid line and the hidden line, and with the plane and front
view, as well. At the plane, the system recognizes the external shape of non-axisymmetric portions - the
number of the sides of the regular polygons and the radii of circles inscribing and circumscribing the
polygon. At the front view, the system cognizes the diameter of axisymmetric portions and the height of
the primitive geometries such as polygon, cylinder, cone, concave, convex, etc. The system perceives that
the list developed from the solid line must be formed by the operation of forward extrusion or upsetting,
and that the list developed from the hidden line must be formed by the operation of hackward extrusion.
The system designs the intermediate geometries again by considering clearance between workpiece and
die, and then finally the billet diameter, in reverse order from the finished product, on the basis of
volume constancy and using the operations, the forming sequence, the number of operations and the
intermediate geometries which were already designed. The design rules and knowledges for the system
were extracted from the plasticity theories, handbook, relevant reference and empirical knowledge of field
experts. Suitability of the process planning was analyzed using SuperForge of FVM simulation package.
The results of analysis showed good formability.

Key Words : Cold Forging, Process Planning, Non-axisymmetric Parts, FVM, Visual LISP, AutoCAD,
Primitive Geometries, SuperForge
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Drawmg on AutoCAD !

- Solid and hidden line
- Plane and front view

.
Input module
- Billet material
- Die material

A
Shape cognition & shape expresslon module

- Layer separation between the plane and the front view

- Entity representation using the front view

- Shape cognition of non-axisymmetric portions using the
plane view

- Shape expression using primitive geometries

- Calculation of volume

A\
» Material diameter determinaton module
> - Formability and defects check -

- Determination of billet diameter

Process planning module

- - Input of clearance
Rule > - lmerm?diati: geometries -« Data
- Operation number
- Operation method
- Forming sequence drawing

base base

Y
FVM simulaton

- Simulation of operation sequences
- Verification of suitability of operation
sequences using SuperForge

Y

Results satisfied?

A\
Output
- Effective stress and strain
- Forming load
- Forming sequnce drawing

Fig. 1 Structure of process planning system of
non-axisymmetric parts
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Fig. 2 DCL of input
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(a) Reinput message of diameter as the result of
applying extrusion rules to the system
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FULlist = ((“Cylinder” 330 210 210 0.0) (b) Reinput message of diameter as the result of
(“Cone” 7.0 21.0 30.0 0.0 applying upsetting rules to the system

(“Cylinder” 28.0 30.0 30.0 0.0

(“Concave” 2.0 30.0 34.0 2.0)

(“Pol-convex” 0.5 39.0 40.0 05)

(“Polygon” 95 40.0 43.2957 8)) 3
BE_list = ((*Pol-convex” 2.0 11.0 150 2.0)

(“Polygon” 12.0 150 150 6)

Fig. 6 Error message for billet diameter inputted

(*Pol-concave” 1.0 150 17.0 1.0)) )
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(b) considering clearance

Fig. 8 Examples of process planning - billet diameter
26.0mm, material AISI 1006
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(b) considering clearance

Fig. 9 Examples of process planning - billet diameter
30.0mm, material AISI 1006
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Fig. 10 Sequence drawing of having been changed in
forming sequence in comparison with Fig. 9(b)
by means of a modification of process planning
ruless

Fig. 11 Examples of process planning considering
clearance - billet diameter 40.0mm, material
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