2970 XKML aRTE £174 %124, pp. 2970~2981, 1993

& 30

delgr - ASH** -

47t ¥4

37 -
234 A

it

(1993 39 2049 H4)

An Analysis of Hot Closed-Die Forging to Reduce Forging Load
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Abstract

In hot closed-die forging the load increases rapidly near the final stage. Preforming operation
is important to both the sound final forging and the die-service life. In this study, the material
flows during preforming and final forging are investigated. The physical modeling with Plasticine
as a model material showed clear flow patterns. The forging process were numerically simulated
by the finite element method with the isothermal and the non-isothermal models. The flow patten
of the isothermal simulation showed good agreements with the experiments. Temperature
changes and pressure distributions on the die surfaces during one cycle of the forging process were
obtained from the non-isothermal simulation. High pressure and temperature were developed at
certain areas of the die surfaces. It was concluded that those areas usually coincide with each
other and should be distributed by the preforming operations to enhance the die life.
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Table 1 Process condition in isothermal forging
Friction factor 0.5
Ram speed 3.6 mm/sec

Billet size

50.0 mm in diameter, 80.0 mm in height

Number of nodes

351 (for initial meshes only)

Number of elements

312 (for initial meshes only)

(Input file for initial run) (Input file for continuous run)

A
1. (after
frming) remashing)
tapout
(Output (by
files for irenaming)
user) y
(Output file
for later use)
(Universal fite
for remeshing)
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post-processing) 1. post-processing

2. remeshing
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Fig. 4 Deformation of billet in isothermal forging
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Fig. 5 Flow patterns of numerical model in isother-
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Table 2 Process condition in non-isothermal forging

Friction factor

0.5

Ram speed

360.0 mrh/sec

The billet size

50.0 mm in diameter, 80.0 mm in height

Initial billet temperature

1,200C

Initial die temperature

27C

Dwelling time on the lower die

2.0 sec(in both preforming and finishing)

Table 3 Constants for heat transfer in non-isothermal forging

Conversion rate of plastic work-rate into heat 0.95

Conductivity of workpiece 30.28 N/sec-K
Conductivity of dies 19.0 N/sec-K

Heat transfer coefficient of the lubricant 32.88 N/Sec-mm-K
Heat transfer coefficient to the environment 0.00498 N/sec-mm-K
Density* heat capacity of workpiece 3.69 N/mm?*-K
Density*heat capacity of dies 3.77 N/mm?-k
Radiation coef.* Boltzmann constant 8.5X10-3 N/mm-sec-K*
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Table 4 Meshes used in the non-isothermal simulation

Mesh type Nodes Elements
Workpiece(for initial run only) 351 312
die 1{upper die) 200 168
Preforming
die 2(lower die) 240 192
die 1(upper die) 163 133
Finish forging
die 2(lower die) 208 171

1-1200°C
2-1030C
830°C
630°C
430°C
280°C
180°C
- 80C

R~ KW
L]

(a) End of preforming (b) Start of finish forging
(time : 2.097 sec) (time : 4.097 sec)

(c) 40.2 mm in finish (d) 42.2 mm in finish (e) 63.4mm in finish
(time : 4.195 sec) (time : 4.228 sec) (time : 4.259 sec)

Fig. 6 Temperatures and deformation of billet in non-isothermal forging(time : measured after
the billet is placed on the lower preforming die)
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Fig. 8 Load-stroke curves during non-isothermal
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Table 5 Temperature changes in workpiece and dies
Process Workpiece max. T(C) max. T(C)
in preforming dies in finisher dies
Type Time max. T min. T Upper Lower Upper Lower
(sec) ('C) (’c) die die die die
Dwelling 0.000 1200.0 1200.0 30.0 30.0
Preforming 2.000 1200.0 529.2 30.0 355.6
Preforming 2.021 1203.0 520.7 90.4 351.3
Preforming 2.067 1228.2 589.1 2223 380.9
Preforming 2.097 12425 603.4 387.9 537.1 30.0 30.0
Dwelling 4.097 1207.0 370.6 30.0 380.7
Finish 4.195 1228.0 393.6 265.1 395.0
Finish 4.228 1241.9 389.4 384.1 417.5
Finish 4.259 1237.7 411.2 503.8 502.0
(preforming) (finishing)
lemp(:fca):&;rgo (dwell:ng)——> (dw:@) ———? CL o r___
1200 = workpiece max. AB
1000 : § ! die 2
B0 e MQTRIRCE
'-._. min
600 R v c
e 1
400k s J e fn
200 P '.r max_ . maXx, T < E
0_/ T e o " F
0.0 1.0 2.0 3.0 4.0 5.0 G
time (sec)

Fig. 9 Temperature changes during preforming and
finish forging

(a) Preforming dies (b) Finisher dies

Fig. 10 High pressure points on the dies
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(b) On preforming die 2(lower die)
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Fig. 11 Pressures on the surfaces of.forging dies
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