21

CAD
CAE
CAE

CAE

(analytical methods for metal forming)
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(numerical experiment)
CAD

CAE(computer aided engineering)
CAE
CAE

CAE
CAE

(elementary theory)

(slab element)

(energy method)

upper bound theorem
(upper bound method)

bound theorem (lower bound method)

(slip line theory)
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(slip line)

(finite element method)

( Node)

(virtual work principle)

(elastic-plastic finite element

method) (rigid-plastic finite element

method)
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r,z,0

1)

(Elementary theory for forging)

(2)
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ar,ar



&+ Egp+ 8, =0 ©)

o @ O
In(ﬂjﬂn(ijvtgzz =0 (4)
ar R
R*=r*exp(e,)+C (5)
C
r=0 R=0 C=0
R* =r*exp(e,) (6)
£, =2In [ﬁj (7)
r
Q@
8) (9)
Ey = In (ﬂ) = _lgzz (8)
ar 2
r 1
Egp = In (Ej = _Egzz (9)
Hencky
o _fw _ Fx _ (10)
G;r 0-1’99 G;z
O_;r - O_éﬁ O-rr = 0-96
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h(o, +do,)(r+dr)de

~ho,,rdé
—-2ho ,,ar (ﬁj
2
2uo ,rarde
(11)
a0
/7(0,, +do,, )(r +dr)dé + 2uoc,rdrdé — ho, rdé — 2ho,,dr > =0 (11)

- 0-196 2:uo-zz — 0 (12)

h
(13) Oy

= o, =2k (13)

51



dgzz = 0’0',, O-rr = 0-919
(14)
do,, _ 2uc,, (14)
ar h
r=a o, =
(15)
2u
0, =—0,exp [7 @- r)} (15)
(15)
(2.15)

v
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(2.18)
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(Elementary theory for deep drawing)

(wrinkling)

(blank holder)
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(19)

t(o, +do, )(r+dr)dd +2uc ,rdrdé — to,rdé - 2tc,ar (%) =0

=0

(19)

(20)

o,=C-o,Inr

271,0,"t = 2Q

(21)

rr

2uQ

(22)
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(21)

o, =a,ln (i) t5,°=0,In (i) L (23)
r r wht
r=r
o, (24)
1 _ ’6 0
o, =o,In|=>|+0, (24)
h
®
r = I]. O-I'I'
exp (u¢)
(23) r
¢ GI'I'
1 hn f 0 h
o, =exp(up)o, +o,ln (7) = exp (,ugo)[ao In (7} +o, } +o,In (7j (25)
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M, = bj_zz’t cyay (26)

W, = 2t [y ay <2t | LT
[Zyay zmo{zl =—-0y (27)
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(27)

Mdep = o, * tar

aadd.

ar

(28)
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(p+%t)a’(p:a’r (29)

P
o add.
O_”add. — Ll (30)
tlp+-=-1t
(p 2 )
M (27)
0_”30’0’. = —tlo-o (31)
4 p+ =t
(p 2 )
a t
O, @ = eXp(/J¢2)—lO'O (32)
4l p+ -t
(p 2 j
(31)
(33)
o, =L o exp ()t 33
r - 1 0 p /u¢2)4 1 Oy ( )
4 p+=t + =t
(’0 2 ] (p 2 )
(25)  (33) r=r
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r=r, 2t (34)
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o, = 2xhtsin @, exp (ue, )(0'0 In (QJ + ’U—Q] +2zrtsin ¢,0, In (iJ
P

1 mhl 2
: t (35)
+ 2z htsin g, ————— 0y (1+exp (up,))
4 (p + = t)
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(Elementary theory for wire drawing)
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z(r+ar) (0, +do,,)—nr’c, +2zrpsin 0 0’29 + Zﬂrypcosei =0
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nr’do,, + 2xrdro,, + 2zrp(u +tan @) dz =0 (37)
tan @ = a’r/dz az = cot@ar
nrido,, +2xrdr[c,, + p(1+ pcotd)]=0 (38)
9 0_221 O-rr’ 0_66
Grr = 699
O, = w4 (38)
O, =0, =0y (39)
2ar _ ap (40)
ro oyt pp
B = pucotd (40) (41)
_1 2
p==(Cr’ -o,) (41)
p
r=r,
16 O-zz = O-S
(39) p=o,—0; C (41)

(42)

p %{( r jw{[lwlao —ﬂas}—ao}

P
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25 28
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Os
16 dz
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W 47)
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P

W
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