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Abstract

An integrated process planning system can determine desirable operation
sequences even if they have little experience in the design of multistage cold
forging process. This system is composed of seven major modules such as input
module, pre-design module, formability check module, forming sequence design
module, forming analysis module, FEM verification module, and output module
which are used independently or in all. The 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 part 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 dimensional tolerances and the proper sequence of operations for parts, is
generated under the environment of AutoCAD. Several forming sequences gener-
ated by the planning system can be checked by the forming analysis module. The
acceptable forming sequences can be verified further, using FE simulation.

Key Words : Multistage Cold Forging, Process Planning System, FE Simulation, Primitive
Geometries, AutoCAD, Sequence Drawing
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INPUT MODULE
~ Asserobly-ready part drawing
~ Billet diameter rlnlhrhl ¢
- Priction{ u.m)
PRE-DESIGN MODULE
= Cold-forgeable part drawing
- ofme geometry
- Check undercute, deep holes
& no‘i{! geomelry
~ Assign fillet/corner radii
~ Assign machining slicwance
- Calculate volume, weight ete.

i

PORMABILITY CHECK MODULE

- Solid trapped)
- Hollew extrusion
- Can backward extrusion

~ Solid/Tube upsstting
- —

P -~ Combined extrurion
. [
FORMING SEQUENCE DESIGN
DATABASE TR e, RULE-BASE
~ Forming sequences
= Operalion numbers, methods N

PORMING ANALYSIS MODULE

= Calculste process variables
using slab or upper dound

Modify billet diamtir/material

anaiysis.
- Strain, punch pressurs. die

Inner pressure, forming load
PEM VERIFICATION MODULY

~ FEN _simalstion (DEPORN) of

selected operation

Modify design imteractively
and update RULE-BASE

pesded

OUTPUT MODULE

~ Sequence draving
~ Process varlabies
Grid_dietortion

~ Effeciive strews & strain
= Load-siroke diagram

Fig. 2 Structure of integrated process planning sys-
tem
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Table 1 Conditions of process design for multistage
cold forging

Conditions Processes Values
Phosphate-soap | Slab method £=0.04
lubricants Upper-bound method | m=0.08
Trapped extrusion die |3.00 mm
Die land length
Open extrusion die 2.00 mm
Trapped extrusion 0.20 mm
Clearances
Upsetting 2.00 mm
Die relief angle | Extrusion die 3.00°
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(a) Billet diameter 41.0, material AISI 1010

BILLET TRAPPED EXTRUSION
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(b) Billet diameter 35.6,

material

CYLINDRICAL UPSET

AISI 1010(dimensions are in mm)

Fig. 3 Example sequences
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Strain | pressure | pressure | load
Process [kg/mm?])|[kg/mm?]| [tons] Table 4 Output of process variables using billet diame-
Cropping 54.17 ter 35.6 without annealing
Trappfed 0.90 92,40 20.74 120 80 Variables Punch Die Forming
extrusion Strain | pressure | pressure | load
Process (kg/mm?]|[kg/mm?]| [tons]
Trapped | o0 | 7549 | 5383 | 9967
extrusion Cropping 41.18
Open T
per 056 | 4622 | 29 61.02 rapped oo | gren | 4626 | 6761
extrusion extrusion
Cylindrical
VIRCAT | 028 | 13706 | 9384 | 1811 Open 031 | 2508 | 342 | 2497
upsetting extrusion
Cylindrical
Table 3 Output of process variables using billet diame- upsetting 0.68 133.76 68.78 176.59

ter 41.0 without annealing

Variables Punch Die Forming
Strain | pressure | pressure load
Process [kg/mm?]|[kg/mm?]| [tons]
Cropping 54.17
Trapp'ed 0.90 92.40 70.74 120.80
extrusion
Trapped | 000 | 1001 | 8835 | 14524
extrusion
Open
. 0.56 83.04 39.72 109.68
extrusion
Cylindrical | 500 | o4516 | 2018¢ | 32366
upsetting

Table 5 Output of process variables using billet diame-
ter 35.6 without annealing

Variables Punch | Die |Forming

Strain | pressure | pressure | load

Process [kg/mm?)|[kg/mm?]| [tons]

Cropping 41.18
d

Trapeed | o0 | ere2 | 4626 | 6761
extrusion

Open 031 | 375 | 158 | 37.33
extrusion
lindrical

Colindrical | o ee | 21821 | 15323 | 288.08
upsetting
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FEM simulations of cylindrical upsetting con-
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Fig. 10 FEM simulations of open extrusion without
guide entrance considering dimensional toler-
ances of parts
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Fig. 11 FEM simulations of cylindrical upsetting con-
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