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Experiment of Turbine Blade Hot Forging Process using Model Material
and SLA Prototype Die Set

K.Park, M.C.Shin, D.Y.Yang, J.R.Cho and J.S.Kim
Abstract

In this paper, an experimental study of a hot forging process is carried out using
plasticine and the die set manufactured with the aid of rapid prototyping. In order
to manufacture the die set, Stereolithography Apparatus(SLA) which is most
widely used rapid prototyping system is introduced. Turbine blade forging is
performed using plasticine and the SLA prototype die set. Through the experi-
ment, it has been shown that SLA prototype is suitable to the die set for the
plasticine workpiece, and the formability and the forming load of turbine blade
forging are predicted.
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Stereolithography Apparatus(SLA)
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Table 1 Friction coefficients for various lubri-

cants
Lubricants Friction Factor
teflon and vaseline 0.08~0.15
tissue 0.2~0.35
wrapping paper 0.1~0.17
baby powder 0.5~0.75
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Table 2 Similarity relationship of stainless steel and plasticine

Variable Stainless steel Similarity Plasticine
Length Is s=1*h b
Basic B
Time ts ts=t"tp b
Property
Force Fs F:=F'F, Fo
Stress 0s PP i Op
Related i
Property Strain rate €s c 1 &
€= tg Ep
Table 3 Comparison of experiment conditions
Plasticine Stainless steel Scale factor
Length 156.5mm 626mm A
Velocity V,=83.4X107°m/sec Vs=5.604m/sec 1/¢*
Temperature 29C+1C 1150 C
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Table 4 Scale factor of each variable

Variable Scale factor
Length I*=4
Time $*=59.52x10"®
Force F*=17008
Stress ?“‘ —1063
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(a) Schematic diagram of SLA system
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(b) Three-dimensional building process
Fig. 1 SLA system
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Table 5 Material propety of the resin(XB5154)

Tensile strength 35N/mm?
Tensile modulus 1100-1200N /mm?
Elongation at break 11-19%
Impact strenght 20-25kJ/m?
Hardness 78 Shore D
Glass transition tempera- 83C
ture
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Fig. 3 Schematic diagram of turbine blade
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(a) CAD modelling

(b) SLA prototype die (b) SLA prototype die
Fig. 5 SLA prototype die(upper die) Fig. 6 SLA prototype die(lower die)
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Fig. 7 Shape and dimensions of a preform
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(a) preform model(steel)

(b) preform mold(epoxy)
(c) final preform(plasticine)

Fig. 9 Deformed shape at each stage
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Fig. 11 Forging load vs. displacement
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