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A Study on structure of CAD/CAPP system in the heading
process using rigid - plastic finite element analysis

Young - Woo SHIN
Yosu National Fisheries University
(Received November 5. 1993)

The conventional cold-heading process for the production of a bolt-shaped product is
composed of some process and two or three blows heading. The strength of a bolt-shaped
product produced by multi-blow heading depends on the working conditions of the head-

ing process such as preforming die angle. corn

and the reduction in height during pre-formi

er-radius of the necked portion of product.

ing. Arigid-plastic finite-element program

(RDHPSC) has been coded and the program testified by comparison with the results of
experimentation. A method of testing the optimum die-conditions in the double-blow

heading process by use of RDHPSC analysis

is discussed. a fundamental structures of

CAD/CAPP system for two-blow heading process is discussed.
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Fig. 1. Scheme of experimental apparatus for

double-blow cold heading: (1) press
(2) connecting plate: (3)
connecting bolt: (4) knock-out plate:
(5) sub knock-out pin: (6) upper con-
tainer: (7) connecting bolt: (8) upper-
die fixing pin: (9) upper die: (10) upp-
er knock-out pin: (11) specimen: (12)
lower container: (13) lower die: (14)
lower knock-out pin: (15) balancing
plate: (16) load cell: (17) whole con-
tainer: (18) load cell fixing plate: (19)
press bed.
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Fig. 2. Details of dies and knock-out pins: (1)
pre-forming die and knock-out pin: (b)
finish-forming dies and knock-out

pins: (c) dres(dimensions
mm).

lower in

_55_

5mm, 21 2o ME 1mmE st AER S
ol g3l ¥ AT MEE AT

HEZn X 7E 4
sif A ntef bW

Fig. 4ol A 2% &3 - stroke F4& 1}
ERliRith 48 AHEARE a2 AR ¥



A

%

4o

157 150

120F 20k
< 90F ~ 90
¥ 5
\C/) =
T 8C° 2
< 6o /’ S 60k

60" /
Wk o/ ,/ ’ O 30k 2
N A e NS
A . 200 /
10 T 1 o
0 007 [0 eiiedisy | o 00 0 :z(o"fidad A
0 5 1w i% 20 25 f 5 10 15 20 25
ST < nm) STROKE(mm)

(a)

(b}

Fig. 4. Load-stroke curves in double-blow heading with various pre-forming die angles(corner radius

R=0.2mm): (a) annealed material:

(b) as-received material.(Full, dotted and chain-dotted

lines represent pre-forming. 70% reduction and 85% reduction. respectively).
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Fig. 5. Hardness distribution in heading of as-received material at 70% reduction in height: (a) A=
10°. R=0.2mm: (b) A=60°. R=0.2mm: (¢) A=10". R=2.0mm: (d) A=60". R=2.0mm
(A : pre-forming die angle. R : corner radius of the necked portion of the products).
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Fig. 6. Calculated load-stroke curves in double-
blow bolt heading for various friction
factors, for A=10" and R=2.0mm.
(Small-. chain- and large-dotted lines
represent m-values of 0.2, 0.5 and 0.7.
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Fig. 7. Comparison of calculated load-stroke curves in double-blow heading with experimental

results, for R=0.2mm: (a) A=10":

1 (b) A=60".(Full lines represent simulation for m=0.7,

whilst experimental results are shown as full points).
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Fig. 8. Effective strain distribution in heading at 70% reduction in height for two pre-forming die an-
gle: (a) R=0.2mm: (b) R=2.0mm_(Full lines and dotted lines are for A=10" and 60°. respec-
tively. whilst hollow circles. full circles and triangles represent values of effective strain of 0.

2. 1.0 and 1.5. respectively).
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Fig. 9. Die conditions in pre-forming(L=2.5d).
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Fig. 13. Maximum hoop stress on the free sur-
face at 65% reduction in height for
various die conditions: L=2.5d.
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Fig. 14. (a) Distribution of effective strain £ at 70% reduction in height(L.=2.5d. e=10". a=0.6d): (b)

distribution of parameter D defined by
a=0.6d).
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Fig. 15. Marximum value of parameter D defin-
ed by eqn. (4) on the outer surface at
70% reduction in height for various

die conditions: L=2.5d.
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