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ABSTRACT

An electric upsetting process by the rigid-thermoviscoplastic finite element method was simulated in this study.
Several engineering assumptions were made to calculate the heat generation due to the electric resistance. The skin
effect of the bar was taken into account for the heat generation. The approach was applied to simulate an artifical

electric upsetting process for the exhaust valve of the ship engine.
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Fig. 2 Flowing electric current in the bar
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1000 Table 1 Comparison of measured roughness data
i e) (W/Hllim ) (WseemtT)  P&m)
750 \ 20 0.0112 0.00365 1.000
I 100 0.0116 0.00384 1.008
5 | 200 0.0114 0.00405 1.023
2 oof 300 0.0161 0.00425 1.040
s _ 400 0.0178 0.00449 1.064
a ——e—— Yield strength
[ | —=— Assumed 500 0.0194 0.00469 1.073
20| 700 0.0223 0.00514 1.064
L \ 800 0.0245 0.00535 1.057
I 900 0.0265 0.00555 1.032
L - T R 1000 0.0284 0.00576 1.017
Temparature (°C)
Fig. 6 Material property of NIMONIC 80A Table 2 Thermal properites of dies
) (W/n];ﬂ ) (Wsee/mn C)
O/_\ 200 0.0255 0.00524
g2 800 0.0263 0.00525
900 0.0277 0.00526
1000 0.0291 0.00522
1100 0.0305 0.00522
1200 0.0319 0.00535
1300 0.0333 0.00558

O/\

(a) Shape change — 150C —

I — 340C — |
O/—\ 540C
| —— 690C ——| 735

I 930C —|

N\ e

| —— 890C ——_| 1030C

790TC

| ——790C — |

| —— 980C ——| 930C

1070 Fig. 8 Distribution of tempemture(Z"d stage)

Fig. 72 199 4 AxE Jeha Jlor, 35

/ <Ee 1170To)a, HF A2 A5 A7 2.120
10700 2 JEyth Fig 8L 2o SRR ¥E e
(b) Distribution of temperature A, AF 25 E 1030°ColTh Fig. 9= AA 549

Fig. 7 Analysis results of upsetting process(1* stage) FEGEXNTE BAF ¢}

- 156 -



D S AR E S A, A0, A6

300 step 750 step 1400 step

2000 step

2150 step 2521 step

Fig. 9 Variation of metal flows
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