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Abstract

In this study, an expert system for multi-stage cold forging process design of axisymmetric
parts is developed. The available geometries are axisymmetric shape and cylinder with a hole in
one end. The overall system is composed of knowledge-based system for process sequence design,
output module interfaced with CAD system and material data-base. In the developed system,
designed process can be modified in order to reduce the number of processes and make the
distribution of forming load be almost equal at various deforming stages within the machine
capacity. After process sequence design is completed, results can be stored as a text file or a
commercial CAD system file. The capabilities of the developed system are illustrated through
various examples of process design.
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Fig. 1 Flow chart of developed expert system
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DO : diameter of the top surface

D1 : diameter of the bottom surface

L :height of the element

HdO0 : diameter of the hole on the top
Hd1 : diameter of the hole on the bottom
Hl : depth of the hole on the top

Fig. 2 Graphical representation of the input struc-
ture and schematic geometry of basic element
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=10 mm, AISI 1010)

Designed sequence for the solid part with decreasing diameter in one end(billet diameter
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§
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Fig. 6 Designed sequence using different billet size for the same geometry of Fig.5(billet diameter

=12 mm, AISI 1010)

DESIGNED PROCESS SEQUENCE

CUTOFF TRAP EXT,
< g
T
.

OPEN ENXT.

OPEN EXT.

¢

OPEN EXT.

L

UPSET

Fig. 7 Designed sequence using different material for the same geometry of Fig.5(billet diameter=

10 mm, AISI 1045)
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CUTOFF TRAP EXT UPSET  UPSET TRAP EXT OPEN EXT
i
!
|
!
|
i
!
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|
)
o.0 36.1 13.8 15,5 39.0  274.7  206.9

Fig. 8 Designed sequence for the solid part with decreasing diameter in both end(billet diame-

ter=14 mm,AISI 1010)
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Fig. 9 Designed sequence for the same geometry of Fig.8 When forward extrusion in both end was
applied before upsetting

VIEW ELEMENT DIMENSION

CUTOFF TRAP Ex‘\' UWPSET BACK ENRT.
)
—f—
WY
-
n H
T
# Elanent Dinension
No PO DL H
1 18.0000 18.0000 6 .4400
2 16.3000 13.0000 3.0000
3’ 13 . 0000 15.0000 14.3136
4 15.0000 12.0000 3.0000
) 12. 0000 12,0000 30.0000
* Mole Dlnenslun
No. DL H
1 0. uooo 0.0000 0.0000
Esc
Ouit: Press ’Esc’ keu

Fig. 10 Designed sequence for the hollow part when hole cole can be forged by one step backward
extrusion(billet diameter=15mm, Al 1100)



2048 AR R R

DESIGNED PROCESS SEQUENCE

CuTorF TRAP EXT. DOUBLE OP.
£ €

H— u

MULTI UPSET

3
!

14

|

1913
- - §

Fig. 11 Redesigned sequence by reducing number of processes of Fig. 9

STRAIN DISTRIBUTION & FORMING LOAD

Vv

CUTOFF TRAP_EXT BACK EXT CUP EXT. CUP ENXT. ET

o UPSET
i ]Gk
R ct

bbb b b
NAD B OU O

-
[

N
- ¢ Unit ¢ tons

Fig. 12 Designed sequence for the hollow part when hole can not be forged by one step backward
extrusion(billet diameter = 13.58 mm, AISI 1010)
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DESIGNED PROCESS SEQUENCE

CUTOFF COMBINED EXT. DOUBLE OF, HULTI UPSET

q. ki 3

.
i

P Spn

-

]

|

|

i
Lobo

[

i

|

i

1

Fig. 13 Redesigned sequence by reducing number of processes of Fig. 12

STRAIN DISTRIBUTION & FORMING LOAD

v

i

CUTOFF TRAP EXTCOMBINED EX CUP EXT. CUP EXT. MULTI UPSE
; E, !
s 1y
(B
] )

g

PRp—
[ R—

Fig. 14 Redesigned sequence for the same process of Fig. 12 using load limits of [34.7, 68.9] to make
load distributions approximately even
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STRAIN DISTRIBUTION & FORMING LOAD

v

1.
CUTOFF TRAP EXTCOMBINED EX CUP EXT. DOUBLE OPMULTI UPSE L
| Vi m 2.
! Vi

! L ] L
- ! == :
; —— 1.
Li] .

0.0 as.8 as.8 62.0 62.4 az2.2

| :/ ’ < Unit : tons ?

Fig. 15 Redesigned sequence for the same process of Fig. 12 using load limits of [40.4, 63.2] to make
load distributions approximately even

CUTOFF TRAP EXT. BACK EXT.
91009 ~
r 100Y = [ #1639 - r T #6487
L | ‘
1290 1000
1827 l L ) J
‘ l
g L
29 jm _| |
{ e IV
1 s
CUP EXT. UPSET
[~ #1029 - o= 91300 =

- 1~ #3.00 — o500

], 1983
w2 -‘l I:r - ey
l’— -7 w "’l’ A1 e
L0 7-’;:‘ .

Fig. 16 Output CAD drawing for designed process sequence
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