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Appropriate tool design for improvement of die life due to
reduce both mechanical and thermal load in hot forging
Toshifusa Nakamizo, Takayuki Kasai and Ichiro Takasu

Synopsis: Demand of cost reduction for forging parts becomes severe in these days. It's cost is greatly influenced by tool life.

Thus, making tool life long is one of important technological subjects. Factors that determine tool life are mainly

both mechanical load and thermal load at forging. It is necessary for improvement of tool life to estimate these fac-

tors quantitatively. In this article, these factors are examined by using computer aided analysis about forward and

backward extrusion at hot forging. In the result, appropriate tool design and cooling system were introduced with

tool load reduction. Then, the actual tool designed by this procedure had three times longer life comparing with

conventional one.

Key words: hot die forging; tool life; mechanical load; thermal load; CAE; FEM; forward and backward extrusion; accumulated

friction energy; friction heat; fluid analysis; deformation analysis; thermal analysis; heat check.
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Fig.1. Tool damage form and it's factors
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Fig.2. Example of normal stress and relative sliding velocity
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Tablel. Deformation analysis conditions

FEM code RIPLS-FORGE
Flow stress /MPa B =79.48 0o
Initial number of mesh 500
Coulomb friction coefficient 0.3
Stroke speed /mm0s* 560

30

Steel CAE

Fig.7. Comparison of Steel and CAE metal flow
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Fig.8. Shape parameters and investigation region

Lower tool

Table2. Shape parameters

Extrusion height H /mm 3.4,5
Taper angle [@ /deg 2,3,5
Corner round R /mm 1,2,3

Bold[J] normal condition

403 0O0OOO
gboboooooooboboboboooooboobon
goobooooobooboboboooboooboboon
gbobobooooboooboobobobobobooooo
goobooooobooboboboooboooboboon
gbobobooooboboobobobobooboooo
gobobogoooboooboboboooooboobooono
gbybobooobooboboboboboboboon
gbobobobooobooooobooboboobobooooo
gbobooobooobobobobooobobooboboan
gobobobobooooooobobobobooboooo
FigoOOoooOOoOoOoOOoOOOoOoOoOOoboOoooooo

Sanyo Technical Report Vol.9 (2002) No.1



goboooboobogopPOMPal OO OOD,0mmIO
O0O0D,0mmOO3000000000Table30 O 0O0O
gooooobooboboboboobooobobobon
gbobooboooooboboboobo

Material —p

Shooting pipe

Lower tool —» diameterl@ D,

Feeding pipe
diameter(g D,

1

Injection pressure P

Fig.9. Thermal analysis Model
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Fig.10. Overview of cooling water pipe

Table4. Fluid analysis conditions

Analysis model 3-Dimension
Turbulence model k-i& model
0 used default valuel
Fluid Density /kg0 m®2 998.2
Viscosity /kg0 O mO sO °* 0.001
Gravity /mQd s°2 9.8
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Table3. Thermal analysis conditions

Feeding pipe
diameter up

Shooting pipe
diameter up

normal

Pressure up

Injection pressure P /MPa

0.392

0.392 0.392

Feeding pipe diameter @ D, /mm

14

Shooting pipe diameter [@ D, /mm

1
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Fig.11. Overview of thermal analysis model

Table5. Thermal analysis conditions

30deg-region

Analysis model
0 1/12 modelO

Material temperature /O 1100

Initial temperature of tool /O 30

Conductivity /0 O mO O O sO °t 33.49
Specific heat /J0O O O O kgO °* 627.90
MaterialO Flame heat conductance /J0m~20 0 °'0 s"* 3348.80
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Table6. Result of fluid analysis

Feeding pipe Shooting pipe

normal Pressure up ) .
diameter up diameter up
Shooting velocity Cw/mO s”* 15.6 22.3 14.6 18.3
Material(] Tool
heat conductance O 60.7 80.8 57.8 182.1

/100 J0m"20 O "0 s7*
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Fig.18. Result of thermal analysis with friction heat
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