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(An Analysis of T-Shaped Forging by Upper-Bound Element Technique)
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ABSTRACT

A new velocity formulation technique, which contains the advantage of UBET and the shape

function of FEM, is proposed.

In the proposed technique, a shape function is used to improve the unreasonableness of
elemental partition and to solve the difficulty of velocity-field determination.

In order to verify the effectiveness of this technique,

T-shaped forging processes are

simulated. The results are compared with these obtained by experimental measurements in
T-shaped forging. In T-shaped forging, good agreements between theory and experiment are

also confined.
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T-shaped forging(TEE=),

Velocity-field(%£%), FEM

z2ay Aol astn Aol Ho mME A W4
g Fae A3 /MDA
o} AAsaye Al mel £x3el BE F 3l
T, 4T3 o9A ikl atet sie] Fexel Aol7t
UAl "t 8 oldel £ R 5 ofH gl
e 4 gon B g4 daiMde £x=3 74l
oj$- ojgrt EF sjNataA ste FAo] FHE T
£ Ase westd Ay odt AAdder Ay
og FAsY A £=FE fedop Aok ol
et o dA FHFAE AT Ael§ Role AvE
gtk 28 £x4 7R o3E d@Ed FALLUE
o] &3 WE Ei:%ﬁl Age g oA
ATolE 45YFE ol8FoEM FAME SEFS
A /=T 4+ U PEel AAYTHAL fERFE
ARYPEAE ADH- 2 “Féé}l‘\: FHE 7tA AL

1_

G ooa el An oSy Wil RS AAUE oF
A = 33Y g4 MW% A SMe B7hss
Qo wed BEE Yael @ é%ﬁs’ HAASE Al

A 3% B4 A% sl sheEn &4 #44 9

£xge F4o| gasith

L



B dFME fasgds AMSste 883 asd
Aol AAleAYS $48ld 4 AR £=4EE
4y Zzade HH W5 Fol BxIHL A48
gt HHE A WY, FEEH e A+
@4 299 FTM (Flexible Tolerance Method)®&
A&

Io. ol& 34
21 TG £57F

B AT o3 3R 4ztasdA Z AHY HAE
o} &R 2249 RAYSE ol 43t Thast Tol oy
Aoz vy & Atk

r = glmir,-

u = ﬁ D u;
=1

=il¢r'zi

=§:1(D,v,-

1

A7M 0= BATFeld e FAWE, n,ze #H
AQAA 1, 2B BE, u,viE Z BHAA 1, 2BY
&5 & yepdch

&5 HRoz HE WYPLLE

oV,
€r= ar = —;_V-( :[miui)
vV,
€= 3, = %(’:lmivi)
(2)
€ = Z = ir(glo,u,)
v, V.
En = %(aaz +?9r)
S [ (Bew) + s (Bon)]
A7 AR 0, 0z, -, 03 AIHE A
&,79 ¥olth
A4 Pl et
00, ar o0z]'[ 89,
ar | _| 9¢ ¢ 3 E @)
90, ar oz 20,
3z an d7 EER

71N AR o= AW WEAL2, -
we}A]

8)s 9m .

-224-

or _ i0; dr _ 39,
36 T A9 3n  Hanr
4)
3z _ 3o, 9z _ 39,
X3 _i=1952' 30 - San
2.2 933

FRasdA f4a7 AEET e BARSE &
£9 44 ASE BEY 4 U FEA o IUSF
2 olgatt sAs AGEE A €oh e 4
Asl A9 A TAHez EWSE BHE oo
LS

gages 24 F A2 UE 4 ded, shie e
L9 Fltd WAL Ao FE Y £E ¥
folA ALESE WARSolM, BE shie d9usd
2AAE Rests BTl

S 77 mRd u dAgsel YHE W5 o B F
g == 24 99 95 ¢ o RARERA

p= 3 Noo. ®)

o WHz EEVT 94714 m 0 RUYFE olFD
LS zaa@u 42 Jepdch

A6 e B4 APRSY wpozA WY WHE
Relats AL duidch YAYSE WS FEIOIE
g olm BaFole BAgel YUY Wi I W5
A Aol wAE Asdd F= wed ARl

Fig.1 & ¥ si4ojn ALg¥ 884 Azadols, ol
Bad YAgFe thad Aok
0.- —da-oa-ne+rp 0= Fa-eHA-D
0s- ~darera-mee-r-v 0= Fu-rHUO

(6)
0s- ~tarorarmerr-n oo= fa-edarn)
0, - ~La-ourne-rtd 0g= Fa-1H0-6)

23 ZAA

AA ol2e #ASEIF)E( Limit Load Theorem )2l
AUz Bad A A4d disl Pragerst Hodge™l
A8 AYFIAT. &A AaA e WYl B BE FH
A8 53 FAA AAFHol BaF oA LvEE
g FoR I 3e A4Fdse Aotk



= %ao];\l —%— & & dv + j;tlAV‘IdS + fs,T‘V"dsT 7

A7\, TE AA IR BAY AUA 2vge 2
Aol » Ex BAME SEFIM A& ke Jerdn
asuel WE 9F oA L WE 2 aad &
£4g ol FEENE £EF TR, FAFHD
sEUEE SEod AN 8 g Aoz Folum

W= [ 5 cadv 8

o 7)A,
o= #A-$Y( Effective Stress )07

s RAWYE £<( Effective Strain Rate )olth

1
2

2
R

s - % [ _E_i_ffu__‘!_
ohg oA ANl ( W )E tholsk &3 AteldiAe Bt
FEAo) o8 oA 2u&& veEhin ok 43 2.

W= mgt [ 14V) dy (10)

A7, | AV | = shaAAEeAe) S5 Eds ol
3, me tholgh aAlAbe] shaaolTt

249 asAtold FANAY ATAY AUA LulE
& old4s 2o

) rs
W= g lavids (1)

A7M, | 4V e ABRARANMY &= BAEFO

1=
B QR ME 849 84 AteldM FHLE YR

AL Ads wEFdn Jenz 2 Bd&d 4% WY
Ay s A7A gerh meby FduAE 2t W
3ol WaodA, tholst aRAtele whad o7 mhdel
WAe ol Aok watd @Az FE zH e rz
wgpe] £28 uAFE Fo duAE A = YA
4& 458 § Ut

=
ikl

Wr= Wi+ W, (12)
24 Y

AeE S9A4 ugEAoln, Von MisesEHZ20& o
2 gt 5§ AnEs AYIHAZAE

2 A2

H 29e ¢d A= B3, £E FFLS FAFA
gz AL g go] BEGIH
¢ = mK, 0<m<1 (13)
(r = 0o/V3, oo #EE
d71A, m: eHEAs
K : £53¢ §589
919 7bHo| met B d7olAE Gauss HEWE °l¥
sl oA 4H&E AU A7IA AAF =37t
g sxge ANYA2AL wEn YA ooz A
Az BANN BEAA FQ F, £¥E 222 B
oE SEFL (1), WE #5%FE (-)2 Fo X
gAoz ztzt 7tk & #EFE 2F v Fel
sx2 AFs zzadel $3 FEHEEUA ¥ol FAG

o ZAZ Sio) BFo) & WE ¥
olmzt Hite FFME z BT £E=

ZolArk. = Aoy, tho], €A 22 F&H Qe
ppeo ;r 2E 9% £5 hed @ ®e ZFAG #
g urA uA £57 ¥ W5 =He Aotk o
714 dAE Hastshznl AHSE HH3 1Y
(Flexible Tolerance Method)& AH&-atAw .

T8 wzo 4L % 828V Fig.2d F Ue
U it} Wdo] BdwzA) a4e £ MR o A
#91, A¥ WESMHE Fig. 29 2ol 33tk &Foel2
7} o2 aWgo] et asrh WA Hed, Fig 2
o (a), (b), (e BA7F WHHFAA AA sE sHF
thole] Zule] Bue oldlE fFWH QEE YFWE
71Zez A Az JE AL BAFuh gebd 24
7} 43ug AxeAe o¥d met Az dHE J4
st slAatdch Fig. 3& o2& 4L A3 =HEFlow
Chart)°lt}.

m A3

TY wzrh3e olgdly AxE FES ] At &3
2oz F2APL sHh

AYAAE Fig. 491 e AH 2L Load Cello] 25
ton?! M.T.S(Material Test System)& AHE3IAch TH
9z2 93 tiold MEE S4CE AHESINZ, Mt
=AY AEE Wy 458 180" 2¥Y, FRHels
aMgoz AAEHAL thole H4EL Fig. 5% Zrh

_225_



AEg Ag g 240 Z1XE A AN &
o2 2E3 WEdYn 449 F5& I B 5 UEF
4 Saaedn ded FEoEAE IE HE5H
o £ ZAold Bol ArA ¥ES AHF F eBEAA
stdste] T2 ot Fa FUth TH T2odA A
B AHe 95 ¥Aolax, ASE Fig.6 7 #oh ABY
Ars 2dAEE AF AMH-EE Harbutt's PlasticineAt
o] Zapaejdelx, 1 243a H¥E Table 13 Zth
zalrEale] GEAPAA ¥ S WIE HAT
che3 2o

T = 0.17197 € "*2 (MPa) (14)

Ayl AHSE €3 ke ntdgse J1Ed 49
An¥z 2y g4AEoIth AWM A7lE Eol 108mm,
27 70mmz At

T8 @z 494 AEg 9AL=170Z FA8H7) 4
& A9 tholE LB FEAE BB AL8-3F
gom AY AR 247 AFE FLIFIE 7VEA A
Ayess dA 17CE YA FASAUS.

mg~o ARTio] £EE lmny/sE SIUL, £EAZ
= g auee(Tale Powder, m=04)% AHgE AT &F
o tholayl ZAL MT.SE Alolsts PCollA €& Hol
B2 ol4std CADZ IHTh

v. 4% k-

)

B a7 BRA4e 4Fsy A5t TH gzl B3
ABdold e v FEFAT. TY vzl 44 2
B 2dAEe SNz Agste] FFd AW
o ¢x2 vlmatgrh Z2el Wl Mz FET A=
th&-3 @t

Fig. 7(@E T® vz o4 Adeln (b e
Qusls Sal~ed A4y Aake AE ARReloh Fig.7
()9 SWA 29L& Fig.2@e QAa¥eEel et &
Mg Aoz I #EY4I ©H AE RoFn Utk
283 Fig.7 (@ 8 Adast A 23L& Fig.2(0) 9j
a4aEgH 28 g etk

A A §A8 ABET tho] H&H B2 oY
BEo) Pedg dge] Fo| Holwd vls H4EH
AME Holn gm itk 3 AP A ApdME Al
H oj REol Ege] Arlm YA, A4 AIFig.7

gl

@)l Me o} B4 gtk £ sid@del ey

A qE AL 849 S M2 Y] @R 845
s} o] Axe] WAPANE EWIE fdAel ¥5T
f3le] Y& Aoz Ao AT A WY GHe
more sMZTe} o}F F YAt Utk Fig.8 & 3%
3 HPAES JET Utk AAFeR FFHES 3
e Ads 2 gAsn gk 2y HFRY F2A
AYABe} 2po]E Boln gtk oA 249 WHel A
Mo wal 7HEA e 9F dF F7E doivked W
a3 AMME JHFAsE TAHA @yl HEL A
2 Azdo

v.da&

B a7l AL WAL W £EFo2 TY B2
g S4BT, ol ANT ARe RUME dYAFH
sl g e AEE A& F AU

D) E47H8 458 #5d g2 £33 oEE A
gn, WEAde W £EFoz v A HE34A
Bz 9 A3E 4& F AN

9) THYAL JtAE dolgtE 88 gaTAe 3

5o Zw tholgA 2UE 8A4E ] sHEEtd 7
zo| AAQAYT 2o 2P w3 glol HNY
F AR

3) 829 A4E HAizsele] FFasFel wH WEA
7t ool AN F AR

4 & o AR TRIPL B ZzaPe HA
#Ae Y A™R A7 gl Bl U=

1. H.Kudo, “Some Analytical and Experimental Studies of
Axisymmetric Cold
Int.J. Mech.Sci,, Vol.2, pp.102-127, 1960

2. H.Kudo, “Some Analytical and Experimental Studies of
Axisymmetric Cold
Int.J.Mech.Sci., Vol.3, pp.91-117, 1961

3. HXKudo, B.Avitzur, T.Yoshikai,“Cold Forging of Hollow
Cylindrical Intermediate
Flange-UBET Analysis and Experiment “, Annals of the
CIRP, Vol.29, No.l, pp.129-133, 1980

Forging and Extrision- 1",

Extrision-11",

Forging and

Components Having an

-226-



 PCT. Chen and FF. Ling, “Upper-Bound Solutions to
Axisymmetric Extrusion Problems”, Int. J. Mech. Sci., Vol.
10, pp. 863-879, 1968

V. Nagpal, “General Kinematically Admissible Velocity
Fields for Some Axisymmetric Metal Forming Problems”,
J. of Engineering for Industry, Trans. ASME, Series B,
Vlo. 96, No. 4, pp. 1197-1201, 1974

D. M. Himmelblau, Applied Nonlinear Programming,
Mcgraw-Hill Book Company, US.A, 1972

W. Proger, P. G. Hodge, Theory of Perfectly Plastic
Solids, Chapma and Hall, London, 1951

Co)Ed, AW AP HEe vz 34 AAE $7 Computer
Simulation @ MMTel #Hgh @77, 1995, WALEHS] =&, F

4to &b
Table. 1 Properties of Plasticine

60 ©

Components CaCO?(SO 6() %), Mg(%Oa,
Material Mineral, Fe-Si
Specific Gravity 1.8~1.92
Specific Heat 0.24 Kcal/Kg T
pectic 7 < () Node Numbering of Type 3

Heat Conductivity | 06 Kcal/mhT Fig. 2 Global Coordinate System of T-Shape Forging
Hardness HB 15 (24T)
Bulk Modulus 675,000 psi (475 Kg/mm®)
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Fig. 3 Flow Chart for UBET Programming
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