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Deformation Properties on Axially Symmetric Fundamental Die Forging
Tadatsugu Yoshida, Katsuhiko Osaki, Morihiko Nakasaki, Masakazu Yano, Toshiyuki Hamano and
Yoshio Kasahara

Synopsis: Forging technologies are systematically classified by die shapes. In the present study, from these die shapes,
more than 10 kinds of axially symmetric shapes were selected as “fundamental forging die shapes” and metal
flow in each work was investigated by CAE analyses with plasticine (oil clay) experiments.

The findings are as follows :

1) In each fundamental die forging, almost identical patterns of metal flow were obtained from both analyses and
experiments by adjusting boundary conditions of analyses rationally.

2) Although adoption of fine elements and small time increment improves theoretically accuracy of the analysis, it
sometimes requires more time due to remeshing, and causes aggravation of convergence. Therefore, the optimum
analysis conditions exist for each die shape.

3) By storing these optimum conditions and results of each die forging as data base, it is possible to solve some
problems quickly without skill and to apply them to actual forging processes.

4) The process mentioned above was systematized as CAE analysis system called “Sanyo Hybrid Plasticity
Simulation System” . It has been applied to analyze metal flow of die forgings such as stud bolts, ring forgings for
bearing races, blanks for automobile gear and special forging dies for tool life evaluation.

Key words: die forging; axially symmetric; fundamental forging die shapes; process simulation; CAE; FEM,; rigid plastic finite
element method; plasticine; plasticine simulation; metal flow.
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Fig.1. Symmetric die forging CAE analysis system.
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Table 1. Axially symmetric fundamental die forgings.

Name Figure

Application Name

Figure Application

N
Heading ‘x_ Bolt forging ¢ (rusion
N

N

Forward tube

N
» Blank for
Indentation large bearing ;

Backward
ube
extrusion

Automobile
part

Forward and

backward Automobile
tube part
extrusion

Backward
bar
extrusion

Forward bar
extrusion

Forward bar

and backward
tube extrusion
(long type)

* Automobile
gear blank

Forward
and
backward
bar
extrusion

Forward bar
and backward
tube extrusion
(short type)

Ring forging
for bearing
race
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Fig.2. Flow chart of analysis (manual remeshing) .
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I Measuring
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[ End |

Fig.3. Process simulation of plasticine experiment.
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Both edges
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Fig.4-1. Analysis model. Fig.4-2. Simplified analysis model.

Table 2-1. Calculation conditions (stud bolt) .

Initial number of element 368

Element type 4-node isoparametric square element

6=1.0£%" (hot)

Flow stress /MPa 0 =154594%7 (cold)

Coefficient dependence on pressure 1/g=500
Friction coefficient 0.2 (Coulomb friction)
Stroke velocity /mm + s~! 800

Steps of calculation 60

Table 2-2. Conditions of plasticine experiment (stud bolt) .

Model material Plasticine (oil clay)

Dimensions of model ¢ 50mm XL75mm
Tool material JIS S45C
1) None
Lubricant 2) CaCO, powder
3) Vaseline

Stroke velocity /mm * s~' 0.2 (Average strain rate : 0.029s ')

Testing temperature /C 20 (Specimen and room)
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Table 3-1. Calculation conditions  (ring forging for bearing race) .
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Fig.6. Forging process of sun gear blank.

blank

(A) (B) (C) Table 4-1. Calculation conditions  (sun gear) .
Steps of calculation 80 100 50 Process Ist 2nd 3rd 4th
Initial number of element 391 374 368 Steps of calculation 40 60 60 80

Element type 4-node isoparametric square element

Initial number of element 370 370 444 452

Stroke velocity /mm + s~! 800 320 800 Element type 4-node isoparametric square element
Flow stress /MPa 0=91.89¢01  g=1133 g 020% Stroke velocity /mm + s~! 800
(Hot steel) (Cold steel) 0=91.89¢ !
Flow stress /MPa ’
Friction coefficient (Hot steel)

(Coulomb fiction) 0.2 0.20, sticking 0.075, 0.30

Coefficient dependence

on pressure I/g —o0U

Table 3-2. Conditions of plasticine experiment  (forging for
bearing race, type (A) , (B))

type (A) type (B)

Friction coefficient

((Gonlomb Fietion) 0.25 0.25 025 0.25

Coefficient dependence

1/g=500
on pressure

Table 4-2. Conditions of plasticine experiment (sun gear) .

Model material Plasticine (oil clay)

Dimensions of model #52mm XL65Smm ¢55mm X L90mm

: . 0.2
Stroke velocit gl
Loke: Yol elty; mm.* § (Average strain rate : 0.029s~!)
Tool material S45C

Lubricant CaCo, powder, Vaseline

Testing temperature /C 20 (Specimen and room)

Model material Plasticine (oil clay)

Dimensions of model #50mm XL95mm

0.2

Stroke veloci ‘gl
ROk VE oatjam. & (Average strain rate . 0.029s~!)

Tool material Aluminium

Lubricant CaCo, powder

Testing temperature /C 20 (Specimen and room)

- | P B:;:;;::::a
) -G - - [0 «cbawaﬂ O DN[%L
i ;
blank Ist 2nd 3rd blank Ist 2nd blank Ist 2nd
type (A) type (B) type (C)

Fig.5. Ring forging processes for bearing race.
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(a) Convex upper die  (b) Concave upper die
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Fig.7. Die sets for tool life evaluation.

Table 5-1. Calculation conditions .

\
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(Lower edge is sticked)
' N7
[
A
|

Upsetting

Heading

type a b c
L\
Element partition j#
7
Filling up stroke /mm 5.37 2.83 2.56
Step of calculation 47 39 39
Stroke velocity /mm -« s~ 800

Element type
Flow stress /MPa

Friction coefficient

4-node isoparametric square element
6=1.0¢%1
0.2 (Coulomb friction)

Coefficient dependence
on pressure

1/g=500

Table 5-2. Conditions of plasticine experiment.

Dimensions of model ¢ 50mm X L10mm
Stroke velocity /mm + s~! 0.2

Tool materials Plaster

Lubricant CaCO, powder

Testing temperature /C 20 (Specimen and room)
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lNo lubricant (# = sticked) CaCO, (#=0.25) Vaseline (£ = 0.02)

(1 : Coefficient of Coulomb friction)

Fig.8. Comparison of plasticine experiment  (left side) ~and finite
element analysis  (right side) on metal flow (heading) .

Real forged steel (QSM5N)

CAE analysis ( 0=1545 & “%"/MPa)

Metal flow
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Hydrostatic stress /X 10° MPa Equivalent plastic strain

Fig.9. Comparison of stud bolt forging and upsetting analysis
(cold working) .
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Fig.10. Comparison of plasticine experiment  (left side) , finite element analysis (right side) and effect of friction coefficient

on metal flow (type (C)) on forging for bearing race.
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Fig.11. Distribution of equivalent plastic strain on forging for bearing race shown in Fig. 10 (CAE analysis) .
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Fig.12. Change in decarburized thickness by forging shown in
Fig. 10, type (A) .

gl

l

L

3rd process

Ist process 2nd process

Fig.13. Comparison of plasticine experiment  (left side) and
finite element analysis  (right side) on metal flow.
(sun gear 1st-3rd process shown in Fig.6,
lubricant:CaCQO,, Coulomb friction: 4=0.20)

(A) After 4th process
Lubricant . CaCO,

(B) After 4th process
Lubricant : Vaseline

Fig.14. Comparison of plasticine experiment  (left side) and
finite element analysis  (right side) on metal flow.
(sun gear 4th process shown in Fig.6)
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Fig.15. Comparison of plasticine experiment  (left side) and finite
element analysis  (right side) on metal flow.
(sun gear 4th process shown in Fig.6, lubricant:CaCOs,
friction:sticking)
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Fig.16. Distribution of equivalent plastic strain of 4th process of
sun gear shown in Fig.6.
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Fig.18. Comparison of plasticine experiment and finite element
analysis on load - stroke ratio curves in forging shown
in Fig.17.
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Fig.19. Filling up of each part of die set in forging shown in Fig.17.

slipping velocity
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Fig.20. Material slipping  (left side) and pressure (right side)
on tool surface in forging shown in Fig.17.
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CAE analysis Plasticine experiments

Plasticine experiments

Fig.17. Comparison of plasticine experiment and finite element analysis on metal flow.
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Table A1. Metal flow of axially symmetric fundamental die forging.

Metal flow . N Metal flow :
S . . ame S . . CAE analysis
Hliue Plasticine Simulation CAE analysis Plasticine Simulation y
Heading Forward tube
extrusion
. Backward
Indentation .
tube extrusion

Forward bar CAE Forward and
[ - backward

. ———————
extrusion P.S. .
[— | tube extrusion

Forward bar

Backward . L and backward
Now on investigation tube extrusion

(long type)

bar extrusion

Forward bar
and backward
tube extrusion
(short type)

Forward and
backward Now on investigation
bar extrusion

F§2 BARBEEROESSIUICHEH

Table A2. Stress and strain distributions of axially symmetric fundamental die forging.

Name Hydrostatic stress Equivalent strain ~ Name Hydrostatic stress Equivalent strain

Hydrostatic stress /MPa Hydrostatic stress /MPa Equivalent strain

\ 10 . ‘
1.0 ‘ 3.00
P B Forward tube ' - IQ - ‘ LI
cadmg %] ::',_8 extrusion g ‘ , & }§8
- Y S .
~30 &8 | B 060
~1.0 s B 000
Hydrostatic stress /MPa [
0 I —17.50 ’
—18.00 P i
. L Backward ~18.50
Indentation —4 . B - 19.00
= -6 tube extrusion “1050 I8
I l ~20.00 .
120 —-20 |
—130 Forward and —32 i
Forward bar —140 —36
. — 440 backward —40 {
extrusion B 150 . —44 ;
I —160 tube extrusion —48
—170 —5 ’

Hydrostatic stress /MPa
Forward bar

Backward . L and backward M —20
bar extrusion Now on investigation tube extrusion M ¢

(long type) = _*138

Forward bar 0

and backward 2 —500

Hydrostatic stress /MPa ’
Forward and ’

w i igati . —1000
Eack [ard. Now on investigation tabe: EXtFISION =* e !
ar extrusion T
short type —2000
( YPe) B 3500 y
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