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Abstract
The key technologies necessary to develop and utilize a double-action link-type hydraulic die set for the enclosed die

forging are presented in this paper. Various die sets for the enclosed die forging are investigated and the technologies
necessary to develop and to utilize a double-action link-type hydraulic die set are introduced in detail with emphasis on
the mechanism of the die set and its kinematical behaviors, the force transmission mechanism, the criterion on the

enclosed die forging and its application, the forming load prediction and the stress distribution of the link. A double-action
link-type hydraulic die set is developed and it is applied to the enclosed die forging of a bevel gear.
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Fig. 1 Precision forgings, manufactured by the enclosed

die forging[8]
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(b) After forming
Fig. 2 Enclosed die forging

(a) Before forming

(a) NICHIDAI type (b) KOMATSU type
Fig. 3 Typical types of enclosed die forging die sets

(a) Link spring type (b) Link hydraulic type
Fig. 4 Comparison of the link spring type with the
link hydraulic type
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(b) Double action type

(a) Single action type
Fig. 5 Comparison of the single-action type with the
double-action type
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Fig. 6 Conceptual drawing of the enclosed die forging
die set
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(a) Mode 1

(b) Mode 2
Fig. 7 Three different modes in the enclosed die forging

(c) Mode 3
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- A5 FHe F7]: AISI 1020,
A% 24, ¥4 155mm X %o} 29.0mm

- a2z 0.05

- &gtol= 317 £ = 1.0mm/sec

- A4 FE$E: 5=750.08"2 MPa

- a=125.12mm, b=125.12mm, / =144.48mm,
I, =144.48mm, D, =20.00mm, D, =10.00mm
(334 #x)

Table 1 Specifications of the press

Capacity 10000kN

Stroke 250 mm

Working speed 1800 mm/sec

Slide 900 mm x 900 mm
Bolster 1000 mm.x 900 mm
Knockout capacity 500 kN

Knockout stroke 100 mm

(a) Model product (b) Metal flow lines
100
Punch forc
75
2
;’ 50
s
<
)
254
Enclosed die separating forcg
0 T T T
0 5 10 15 20

Stroke (mm)

(¢) Forming load versus stroke
Fig. 8 Forging simulation results of the model process
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(b) Front view

(c) Side view
Fig.11 Three-dimensional model of the enclosed die
forging die set
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(a) Developed die set

(b) A mechanical press
with the die set
Fig.14 Developed enclosed forging die set
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Fig.15 Forgings manufactured by the enclosed die
forging with the developed die set
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