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A Study on the optimal Process Planning and Die design
for manufacturing Bolts by multi-former

Chul-Woo Park, Chul Kim and Young-Ho Kim

ABSTRACT

This paper deals with an automated computer-aided process planning and die design system by which
designer can determine operation sequences even if they have a little experience in process planning
and die design for axisymmetric products. An attempt is made to link programs incorporating a number
of expert design rules with the process variables obtained by commercial FEM softwares, DEFORM and
ANSYS, to form a useful package. They can provide a flexible process based on either the reduction
in the number of forming sequences by combining the possible two processes in sequence, or the
reduction of deviation of the distribution on the level of the required forming loads by controlling
the forming ratios. Especially in die design module an optimal design technique and horizontal split
die were investigated for determining appropriate dimensions of components of multi-former die set.
It is constructed that the proposed method can be beneficial for improving the tool life of die set

at practice.
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Fig. 1 Configuration of the system
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Fig. 2 Geometrical variables for the optimization model
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Fig. 3 A sample drawing of hex bolt, M24
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(a) In case of the billet diameter, 17.7mm

bl

(b) In case of the billet diameter, 23.93mm

(d) In case of the billet diameter, 26.5mm
Fig. 4 Automated process planning drawings generated
according to the design rules
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Fig. 5 Comparison of deviation of the forming
load distributions from the area of forming load
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Table 1 Mechanical properties of the workpiece, die and
stress ring

AISI 1045 | W.C. SKD 61
(Workpiece)|(Insert)| (Ring)
Modulus of Elasticity]
5 20,000 [465,000212,000
(Kgf/mm")

Poisson Ratio 0.3 0.24 | 0.3 |
Hardness (HRA) - 92.0 77.0
Vield Stress(Kgf/mn®)| 54.08 | 273.7 | 117.2
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Fig. 6 The procedure of DEFOM simulation using the
interpolated forces from part to insert
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Fig. 7 The procedure of ANSYS simulation using the

contact pair between die insert and stress ring

Fig. 8 Contact pressure between the insert and the stress
ring
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Table 2 Dimensions of outer diameters of insert and stress

ring
outer diameter |outer diameter of [Clearance
of insert(mm) | stress ring(mm) (mm)
Case 1 56 110 0.14
Case 2 58 110 0.14
Case 3 60 110 0.14
Case 4 62 110 0.14
Case 5 64 110 0.14
Case 6 66 110 0.14
Case 7 68 110 0.14
Case 8 70 110 0.14
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Fig. 9 Hoop stress in the inner diameter of insert according
to the diameter ratios
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Fig. 10 Hoop stress in the inner diameter of insert
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Fig. 10 Tangential stresses of the die insert for the trap
extrusion with the extrusion ratio, 60%
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Fig. 11 Tangential stresses of the die insert for the 60%
trap extrusion with the horizontal split die
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