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Practical Use of Numerical Analysis and Plasticine Simulation to Precision Die Forging
Tadatsugu Yoshida, Takayuki Kasai and Katsuhiko Osaki

Synopsis: Plasticity simulation system called S.H.P.S.S. (Sanyo Hybrid Plasticity Simulation System) has been developed
and mainly applied to customers forging process simulation. In recent years net-shape forging technique for adding
high value to their products has been developed in customers forging processes. On the other hand, life reduction
of tools such as die and punch due to increase of forging pressure on tool surface has become remarkable.
Concerning such an environment around forging, authors developed simulation technique for estimation and
reduction of load on tool surface and stress in tool in customers forging process. The followings have been clari-
fied:

1) Relation between temperature of work piece and forging load on tool in semi-hot forging of gear blank.

2) Relation between forming limit and process condition in precision cold forging of axial reduction.

3) Relation between division pattern of segmental dies and stress in dies for precision cold forging of cup shape
product.

As mentioned above plasticity simulation system called S.H.P.S.S. can be adopted for practical forging processes.

Key words: die forging ; process simulation ; CAE ; FEM ; plasticine simulation ; metal flow ; strain ; pressure on tool surface ;
material slipping on tool surface ; stress in die.
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Fig. 2. Dimensions of upset and forged blank for gear.
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Table1. Calculating conditions for gear blank forging.

Stroke velocity(mm-s~) 9.49, 94.9, 949.0

=2.153+(£+0.15) 415+ 971 xp(39980/8.314/(T+273)

Flow stress(MPa)

Friction coefficient Coulomb friction ©=0.2

~——Punch

—Billet
(¢ 34x102)

Die insert

H=4/1anf +2
D=Dodl—R

Fig. 3. Mesh model for FE analysis and tool set up of axial reduction.

Table3. Calculating conditions for axial reduction.

Dimensions of billet(mm) DXL = ¢34X102

Coefficient dependence on pressure 1/g=100, 500 Punch velocity(mm-s~) 100
Steps of calculation 30 Stroke length(mm) 67.2
Flow stress(MPa) o =880.94¢"
Work hardening exponent n-value 0.0,0.1,0.2,0.3
Coefficient of Coulomb friction u 0.0,0.1,0.2
Table2. Discussed parameters in gear blank forging. Die half angle @ (deg) 5, 10, 15, 20
temperature(C) strain rate(s™') Reduction of area R(%) 15, 20, 25
series 1 800,900,1000,1100 10
series 2 900 1,10,100
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Fig. 4. Cup forging process.
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Fig. 5. Segmental dies for cup forging.

Table4. Calculating conditions for cup forging.

(1)Deformation analysis of material

Method Axially symmetrical rigid plastic FEM

(RIPLS-FORGE®)

Element type 4 - node isoparametric square element

Flow stress o =ke", k=95 (MPa) , n=0.22

Initial number of element 185

(2)Stress analysis of tools

Method Axially symmetrical elastic FEM
(Interference is considered as initial strain)
Element type 3-node isoparametric triangle element
Poisson's ratio 0

Element number 458

Tableb. Discussed parameters in cup forging.

Vertical (Fig.5 (a)) ,
Horizontal (Fig.5 (b))
210000 , 320000 , 420000

Tool division

Young's modulus of nib part E, (MPa)

Young's modulus of ring part E, (MPa) 210000
Interference in vertical division A&, (mm) 0,0.1
2, (mm) 0,0.1
horizontal division A, (mm) 0,0.1,0.2
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Fig. 6. Metal flow of forged gear blank obtained from plasticine sim—
ulation (left side) and from CAE analysis (right side).
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Fig. 7. Slipping velocity and pressure on tool surface under different temperature (strain rate & =10s"").
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Fig. 8. Slipping velocity and pressure on tool surface under different strain rate (temperature T=900C).
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n : Work hardening exponent
R : Reduction of area

u  Coefficient of coulomb friction

0 : Die half angle

A Possible but difficult (expansion ratio>1.05)

Fig. 9. Forming limit of axial reduction.
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Fig. 10. Distributions of hydrostatic stress (left side) and equivalent strain (right side) ( « =0.1, R=15%, 6 =15" ).
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