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Optimal preform design in forging of complex parts using equipotential
lines method
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ARTICLE INFORMATION ABSTRACT

Design of appropriate preform while considering geometry complication and maximum allowable
strain into part, may result in appropriate die filling, forging load reduction, increasing tool life,
and improving the material property of manufactured part. In this paper, preform design for long
and asymmetrical steel parts using equipotential lines and mass distribution methods is
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performed. Then the results of the finite element simulations have been compared with the
experimental tests. The electric potential difference generated between billet and final part, and
equipotential lines between them are extracted using ABAQUS software. After design of
experiments, and analysis in the DEFORM-3D software, while keeping the necessary force of
forming and variance of stress and strain to minimum, the best preform has been selected among
other preforms. Finally, forging die is manufactured and tested based on the designed preform
using equipotential lines method. For the purpose of performance verification, comparison
between equipotential lines and traditional mass distribution methods has been performed,
where the results showed %45 uniformity in strain distribution, %12 reduction in forging loads
and 137 grams saving in initial raw material.
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Design of experiments
Finite element simulation
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Fig. 2 Applying voltage 0 to the final specimen and voltage 1 to the initial
blank
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Fig. 3 Distribution of equi-potential lines between the initial and final blank;
a) longitudinal section, b) cross section

(B o s alte @ 1ol axkd 5 sl ol o Joniliyon Lok w55 3 S
PEIRS

397 g0 S B Ol Il dug £ DL -4
Sk gy 3l 09z ae slap Bt Gl I dite p e DL sl
3550 25 ool ooy solainl 16 L3 e l38le 5 SeSay (55T toles]
ro &b 4 S 03 (9) Wslee JSB 4 by, cnl 22k, Jae 50 oolital
el Bg a0 > oSU
LY =Yy —yyy2 ®

Saie 1Y 4S8 dasie Blpel saimoylis (F — 1) dobee pl 4o
Johte ol sy el LS5 Sl aiiS aseds 1 g el Y o] CBan
£ 3y 5 Slhaol (s, Knl glos ()5 E5 dagl 2 S3e Jelse
Sl 00l (5,8 (axkad

che 5 50 38 bl 4 Glp gl 2hb 2 s Gl
Slogn 4 b (1655 E5 (eSS £ lp Sl a8 Sl
2 Sl i Gl 1S 4 baye (1) £ Gyt 5 Selgye
ol 00l 423 )5 s

3 Jgoz ,0 a8 sads olbsesl L25 o jlailiwl 4T o ialesT plosl (sl
550 om dw pyind lidley SaS @ 1) Sz s slacdl el ol
PG Pk 0 She (aF Olye ) slagel g el I8 Sl
Sglse 48,5 L o

@SS slr Y e )

kb )3 55 (SasSly e Y

azhad o is SaSTy oy v
et I3l 5l el 5T Al o 5o axkd slaploll aan 15 5 (13,5

12



OKed 9 03T Sumw

Jauliza bl ) )l o3kl b oz wlshd 6 )SKiaT )3 disg 25 ying ALb

D5 se il g a8 S 15 Sles JB Sl

5414

540

5394

538

h

5371

Mean of Means

5364

5354

5344

0.25 03 035 0.4 0.45
Friction

(a)
5804

570
560
550
540
530

Mean of Means

520

5104

500+

T
0.06 0.09 0.12 0.15 0.30
voltage (form)

(b)

5284

527

526

Mean of Means

/

5254

5244

5234

T T T T T
1050 1100 1150 1200 1250

Forging Temperature

(9

528

527

\

526

Mean of Means

525

524

0.03 05 1 5
Strain rate

(d)

Fig. 4 The effect of process parameters on forging force; a) friction, b)
voltage (form), c) temperature, d) strain rate
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Fig. 8 Forming of the preform obtained from equipotential lines method in
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Fig. 10 Simulation of the preform obtained by equipotential lines method
with %12 over volume which is completely filled
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