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Application of Numerical Analysis and Plasticine Simulation to Die Forging of Axially Symmetrical Parts
Katsuhiko Osaki, Tadatsugu Yoshida, Masakazu Yano, Takayuki Kasai, Toshiyuki Hamano
Morihiko Nakasaki and Fuyuki Segawa

Synopsis: Authors have attained an original analyzing system for forging called S.H.P.S.S. (Sanyo Hybrid Plasticity

Simulation System). Hybrid means the combination of two methods—one is FE-analysis and the other is physical
simulation. S.H.P.S.S. makes it possible for even beginners to obtain appropriate solution within a short time by
comparing both FE-analysis and physical simulation. The effectiveness has been already confirmed by applying to
fundamental die forging.
Higher precision and lower cost of forging products have been demanded for forging companies. In order to satisfy
these demands, forging processes must be rationalized more intensely. As a result of actual applications of
S.H.P.S.S., by taking such environment around forging practice into account, the problems and interests in
concentrated strain, excess pressure and material slipping on the tools, mapping between blank and product, and
so on, are pointed out. Through these results and discussion, possibility of application of S.H.P.S.S. for actual
forging processes are confirmed. Some suggestion about improvement of forging processes are proposed. As a
further application, possibility of application of this system for complex problems such as crack occurrence in
forging processes is also discussed by the approximation of 3-dimensional problem to plane strain problem.

Key words: die forging ; process simulation ; CAE ; FEM ; rigid plastic finite element method ; plasticine (oil cray) ; plasticine
simulation ; metal flow ; strain ; pressure on tool surface ; material slipping on tool surface ; mapping ; plane strain.
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Fig.3. Forging processes of T- bolt.

Table 1. Calculating conditions for T - bolt forging.

Initial number of element 444

Element type 4-node isoparametric square element
Flow stress/MPa 0=1400€ 038
Coefficient dependence on pressure 1/g=500

Friction coefficient 0.2(Coulomb friction)

Stroke velocity(mm/s) 800

Steps of calculation 50

Table 2. Experimental conditions for T = bolt forging.

Model material Plasticine(oil clay)
39H X 48W X 155L(for plane strain)

¢ 40X 160L(for 3-dimensional)

Dimensions of specimen/mm

Stroke velocity(mm/s) 0.2
Tool materials Plaster
Lubricant CaCOspowder

Testing temperature/ C 20(Specimen and room)
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Fig.4. Forging processes of transmission gear blank.

Table 3. Calculating conditions for transmission gear blank forging.

2nd
4-node isoparametric square element
o =100€01 (hot)

Stage Ist

Element type
Flow stress/MPa

Coefficient dependence on pressure 1/g=500
Friction coefficient 0.2(Coulomb friction)
Stroke velocity(mm/s) 400

Initial number of element 288 425
Steps of calculation 60 70

Fig.5. Axial symmetrization of transmission gear blank.
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Fig.6. Forging process of differential gear blank.

Table 4. Calculating conditions for differential gear blank forging.

Process Ist 2nd
Steps of calculation 60 60
Initial number of elements 406 479

4-node isoparametric
Element type
square element

Stroke velocity(mm/s) 300
Flow stress/MPa 0 =95.81€017 007
0.25

Friction coefficient o
(Coulomb friction)

Coefficient dependence
1/g=500
on pressure

Table 5. Experimental conditions for differential gear blank forging.

Model material Plasticine
Tool material JIS S45C
. CaCO;powder
Lubricant .
Vaseline
Stroke velocity(mm/s) 0.2

Testing temperature/C 20(Specimen and room)
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of tool W/mm
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Fig.7. Shapes of marking tools.

Table 6. Calculating conditions for marking.

Initial number of element 540

Element type 4-node isoparametric square element

Flow stress/MPa 0=1400g0-38
Coefficient dependence on pressure 1/g=500
Friction coefficient 0.2(Coulomb friction)
Stroke velocity(mm/s) 800

Steps of calculation 50

Table 7. Experimental conditions for marking.

Model material Plasticine
Dimensions of model ¢ 50mm X L30mm
Tool metal JIS S45C
Lubricant CaCO;

Testing temperature 20°C(Specimen and room)
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Table 8. Calculating conditions for upsetting of cylindrical specimen
with circular projection.

Number of element 393
Stroke velocity(mm/s) 10
Average strain rate/s! 1.43

El " 4-node isoparametric
emen
ype square element

4= 0.2(Coulomb friction)

Friction coefficient

Flow stress/MPa 0=139.84(constant)
Reduction ratio/% 70
Steps of calculation 70

Table 9. Experimental conditions for upsetting of cylindrical
specimen with circular projection.

Material of specimen JIS SKDI11
Testing temperature/ C 1125
Upsetting speed(mm/s) 10
Average strain rate/s™! 1.43
Reduction ratio/% 30~70
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Fig.9. Comparison of metal flow in T-bolt, plasticine experiments
(3-dimensional, 2—-dimensional ) , and FE analysis (plane
strain deformation) .
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Fig.14. Comparison of metal flow in differential gear blank,
plasticine experiment, and FE analysis .
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Fig.19. Cracks occurrence on side surface of ring part of specimen
with circular projection.
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