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Table 1.  Conditions of Calculation
computation | die specimen | friction heat initial die total blow
id number | material | material coefficient | conversion | velocity(my/sec) | number
10- 19 tool aluminum 0.1 0.0 10 10
steel 2024
20-25 tool. | aluminum 0.1 0.85 20 6
steel 2024
30-37 tool aluminum 0.1 0.0 20 8
steel 2024
40 - 46 tool aluminum | 0.0 0.0 20 7
steel 2024

(423
D



Table 3.  Summary of calculation
computation{input plastic energy (KJ) blow contact time | maximum remark, h;wave amplitude(J)
id number jenergy(KJ) findividual | accumulated| efficiency | (milli-sec) | load (KN) I;wave length(milli-sec)
10 3.287 2.99 2.99 0.91 1.58 4054 Ist blow
11 3.287 2.96 5.95 0.90 1.18 5204 2nd blow
12 3.287 291 8.86 0.88 1.05 5973 3rd blow
13 3.287 291 1177 0.88 1.00 6760 4th blow
14 3.287 2.83 14.59 0.86 0.90 7450 5th blow
15 3.287 2.78 17.37 0.84 0.83 8141 6th blow
16 3.287 2.74 20.11 0.83 0.75 8962 Tth blow
17 3.287 2.64 2275 0.80 0.70 10569 8th blow
18 3.287 2.58 2533 0.79 0.65 11222 9th blow
19 3.287 2.48 27.81 0.75 0.63 12394 10th blow
20 13.148 12.03 12.03 0.91 2.00 5969 1st blow
21 13.148 11.75 23.79 0.89 1.33 8836 2nd blow
22 13.148 10.77 34.55 0.82 0.88 16005 3rd blow
23 13.148 9.08 43.62 0.69 0.55 26980 4th blow
24 13.148 8.02 51.65 0.61 045 45310 5th blow
25 13.148 6.83 58.48 0.52 0.38 64219 6th blow _oscillation (h=80,1=0.17)
30 13.148 12.03 12.03 0.92 1.88 6659 1st blow
31 13.148 11.78 23.82 0.90 1.23 9995 2nd blow
32 13.148 11.03 34.85 0.84 0.83 16506 3rd blow
33 13.148 9.92 44.77 075 0.60 25520 4th blow
34 13.148 8.42 53.18 0.64 0.50 37430 Sth blow
35 13.148 7.29 60.47 0.55 0.38 49374 6th blow
36 13.148 6.20 66.67 0.47 0.38 63606 7th blow oscillation (h=77,1=0.17)
37 13.148 4.55 71.22 0.35 0.33 77103 8th blow oscillation (h=57,1=0.17)
40 13.148 12.89 12.89 0.98 1.80 6488 1st blow
41 13.148 12.49 25.37 0.95 1.18 9957 2nd blow
42 13.148 11.96 37.33 0.91 0.93 15769 3rd blow
43 13.148 1173 49.07 0.89 0.65 23283 4th blow
44 13.148 10.91 59.98 0.83 0.48 31720 Sth blow
45 13.148 10.54 70.51 0.80 045 40296 6th blow  oscillation (h=51, 1=0.17)
46 13.148 10.63 81.13 0.81 0.40 54225 7th blow  oscillation (h=135,1=0.17)
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Fig. 1 Multi-blow spike forging: Undeformed mesh.
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Fig. 2-1  Multi-blow spike forging: Dcformed shape during 1st blow with initial contact velocity
200vsec and p=0.1 at (a) t=0.0 milli sccond, (b) 1=(.8 milli sccond, (¢) t=1.6 willi
second, and (d) t=2.5 milli second. '

(a) {b) (c) {h

Fig2-2  Multi-blow spike forging: Contour of equivaler plastic strain during Isi "low with
initial contact velocity 20nysec and p=0.1 at a) * 0.0 milli second, (b) t- 1 milli
second, (c) t=1.6 milli ccond, and (d) t=2.5 mil* second.
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Fig.3-1  Multii-blow spike forging: Deformed shape during 2nd blow with initial contact

velocity 20m/sec and p=0.1 at (a) t=0.0 milli second, (b) t=0.8& milli sccond. (¢) t=1.6
milli second, and (d) t=2.5 milli second.

S

(a) (1) N {c) ()
Fig. 32 Multi-blow spike forging: Contour of equit -'cat plastic strain during "od blow with

initial contact velocity 20mysec and p=0.1 at - ) 1=0.0 milli sccond, (b @ 0.8 il
second, (c) t=1.6 milli sccond, and (d) =2.5 illi second.

level a=0.2 b=0.1 ¢=0.6 d=0.8



(a)

(b}

(c)

Fig.4

Mulii-blow spike forging: Deformed shape
after blow with initial contact velocity 20m/sec
and p=0.1 (a) after 2nd blow, (b) after 4th
blow, (c) after 6th blow, and (d) after 8th blow.
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(c)

Fig. 5

Multi-blow spike forging: Contour  of
equivalent plastic strain after blow with injtial
contact velocity 20m/sec and p=0.1 (a) after
2nd blow, (b) after 4th blow, (c) after 6th blow,
and (d) after 8th blow.

kevel a=0.5 b=1.0 c=1.5 d=2.0

(a)

(b)
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Fig.8

Muli-blow spike forging: Deformed shape
after blow with initial contact velocity 20m/sec
and pu=00 (a) after 2nd blow, (b) after 4th
blow, and (¢) after 6th blow.

(a)

(b)

Fig.9

Multi-blow spike forging: Contour  of
equivalent plastic strain after blow with initial
contact velocity 20m/sec and p=0.0 (a) after
2nd blow, (b) after 4th blow, and (c) after 6th
blow.

kvel a=0.5 b=1.0 c=1.5 d=2.0
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Fig. 6

Multi-blow spike forging: Time history of clash load for each blow with
with initial contact velocity 20m/sec and p=0.1 (a) after 2nd blow, (b)
after 4th blow, (¢) after 6th blow, and (d) after 8th blow.
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Fig. 10

Multi-blow spike forging: Time history of clash load for each blow with
with initial contact velocity 20m/sec and p=0.0 (a) after 2nd blow, (b)
after 4th blow, (c) after 6th blow, and (d) after 7th blow.
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Fig.7

Multi-blow spike forging: Time history of internal energy for each blow
with with initial contact velocity 20m/sec and u=0.1 (a) afier 2nd blow,
(b) after 4th blow, (c) after 6th blow, and (d) after 8th blow.
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Fig. 11

Multi-blow spike forging: Time history of internal energy for each blow
with with initial contact velocity 20m/sec and p=0.0 (a) afler 2nd blow,
(b) after 4th blow (c) aftert 6th bolw, and (d) after 7th blow.
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Fig.12 Fig. 13
Mutlti-blow spike forging: Deformed shape
afier blow with initial contact velocity 20m/sec,
p=0.1 and with thermal softening () afier 2nd
blow, (b) after 4th blow, and (c) after Sth blow.
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Fig. 14

Multi-blow spike forging: Time history of clash load for each blow with
with initial contact velocity 20mysec, p=0.1 and with thermal softening
(a) after 2nd blow, (b) afier 4th blow, and (c) after 6th blow.

—74—

Multi-blow  spike
equivalent plastic strain after blow with initial
contact velocity 20mysec, #=0.1 and with
thermal softening (a) after 2nd blow, (b) after
4th blow, and (c) after Sth blow.

kvel a=0.5 b=1.0 c=1.5 d=2.0

(a) (a)
=
(b) (b}
(c) (<)
Fig. 16
forging: Contour  of Muld-blow spike forging: Contour  of

temperature after  blow with initial contact
velocity 20mfsec, p=0.1 and with thermal
softening (a) after 2nd blow, (b) after 4th blow,
and (c) after Sth blow.

level a=40°C b=80°C ¢=120°C d=160°C
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Fig. 15

Multi-blow spike forging: Time history of internal energy for each blow
with with imtial contact velocity 20m/sec, u=0.1 and with thermal
softening (a) afier 2nd blow, (b) after 4th blow, and () after 6th blow.



