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Fig.12. Change in decarburized thickness by forging shown in
Fig. 10, type (A) .
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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)

(B) u=0.02 (C) Sticking

Equivalent
Strain

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.
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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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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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