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A Study on Optimal Design in Axisymmetric Forging Processes Using UBET
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Abstract

A UBET program is developed for determining the optimum sizes of preform of a rib-web part

in axisymmetric closed-die forging. The program consists of forward and backward tracing
processes. In forward process, material flow, degree of die filling, and forging load are predicted.
In backward tracing process, the optimum dimensions of initial billet and preform are determined
from the final-shape data without flash. The above program is easy to handle input data with and
is convenient to visualize the whole process of closed-die forging with. Experiments are carried
out with pure plasticine billets at room temperature. The theoretical predictions of the forging
load and the flow pattern are in good agreement with the experimental results.

L A% 5 RYSY 8& AYAE

L2490 gAapole At APz

s oholel A AtelS) mlhAtel A&

Z1g4Y
J* DAA oA LvE
m JeRAAE S (0<m<1)
Yi Vie1 : —3-—4"—54 RHJ.-&O}. }—]-E_
vy Virl
Uo L olgE
Ui Uiy - 8428 R} =
£ tsae] A
W: F HyovA &
W
2
Wiis Wegr - 849 Z9}gke] £
284, YA AArAFE
R34,

Sadiga 7)A A A 3wt

sogadoiga g AA7IA
o3y, ZAASm 7] AF 5

Zp zin . 849 ZE HFE

Z Zw BT 2% 24 AAAE
[aU; 4 el FHolN e L5 BASH
[4Us| 84 Abole) Aol £5 FAEH
£ CHE HYESE

& A

LM B

gz gAY FALAE a2y A AH,
SYHAA, A=A AA, 271 AA,
2 9 Avle Aeat o] gre Hopy T dlm
ek ol FolM M FTad Fof 59 st
A3y CulAdgAl A 274 Alde]
o} 09 gA & oj Al ke A A &

SR ES



1118 293 - Yy

AR AAL vwigeg dulAdysel 2r4AE
AAS $ort ATl 2402 ¢ wtoz AF
¥ A galo]d g o] &3 =FAHAAS) go] AT
Hz et

a3l ol 24 Aol izt 9l
Aut T AL E=AE ol Aol A
W AAle449 (UBET)ol Aok, Fale AAH
o] whedt Wy Falo] dA4H wbd AAsLW
49 MYGAL AL T DEW L4 5E
2833z, o] 945L 2Ysld AHA A E F
48kshe Woleh, 42492 Kudow97} shg
@ 294 2% W APTAGA sl HYYdg
AdE =4stdA Az dch, 2 2ol Bramiey®?
9} Kiuchi®® F-oll 23te] -7} SisiA 2§
o] gtowd Ftadso] vs) Ta o FAo| 7}
Wsha Aol dop 4GS} wece 3R
Mz gow 4% £471FEAE vad 33
st ARz AT 4 v FAHYR
7t 2 gl

A gL o YA A B °4:|‘
+ Bramley™ S o3 F-09 g v (rib) & 71zl
FHAFTAAA YA dAE AT YA
o & 4 (reverse solution) 5 A 9}3}< o}, ];i—f—j—
A AN T FEAE R dy
(reverse process) & <483k 7 o|n, ";l?ﬂ]—’] A
A (forward process) = F-#3 <lul4PaF o4
Asls 2=y wazshd AHEsl "ok
Az Fo @AEe KimWe faesys) 92
A AT ALY =93l Bu-dny g
Zo ﬂ%o}%ﬂl W 42n 3 AAZA Ayt
£9274 $¢ Srlsd A2 ol 4YA) AN
&% AA gLt 2y FeAlE ZEE ATA
Fold AxAsE ALOOWE 2o BHAE
AASE WAl ol AFAFAA AR
224 HHY dulyyAst 2r4AE A& F
sle dete] Ba e,

2oz & dFoldE Pu-duy 44 2
Zol| a4 A LLs Aol A HA 279}
el YA E A& 5 Y& AlEaold z2adg
Agalnz geh, 27cMolH AFsted o] A
Fol e FENNE Adoz oty 4 Ye
Aul3A (forward tracing) g g2a} of 32 7|0
€ =43 dulAdEAE dF8 F de -'?'—“"‘
A (backward tracing) = 2 a2 sNuwtagdcl, 7

rlo

_\;_
o.x.rﬂ:}ﬂlr

W

oEQ - 3

SEREEE

A7 oty 2] AFele EAL de
51 Yaol A A2AL ¢ H, ohA] Ay /‘l%aﬂ
o]dE sl o M AMAE shotdch, o] £
& AAE AN 2 FAEE ﬂﬂﬂaﬁi
3te] AFR AR, oA Ay A FH AL Fe
gal, zAINE FAHE HEFozAq A oy
AYAE AR 274 AR = «u]AF
H AdAst o] ouldYAE AFAFoE B2
qFAHste dedt 49 A 2U4AE AT
F JEF g =3 dolHE Hrh 7HHEA
qHY 4 Y 8474, cholFul, AP
A £¢ A)7z3sle= Man-Machine Interface =&
S At 2x AlEHel4dd B4
A58 st EA47 g Eelxel Al (plasti-
cine) S @2 AZF Alxog A MTS
(Material Testing System)=E o|&3ld {$E3HA
3 7H3EE 58 A%

2. UBET &4

Hu-duy Fud Dzeld HAH 27449
AulGYAE AFT] AQ BdE FFALA B
o,

21 B8 8%sd

2 dteMe £4W¥99E Fig 15 3L ¢
283} 3748 843 B8s3 Kiuchi®s} Aetdt
ofefl o] &H sH&E&=FE ol &3t A3kt

(@ 448 s&

W=B;z+B2
o 7] A,
By= (W1~ VVI’J)/(ZJ‘-Q-I'—Z)')

Z Z
Wi
' z Wi+t
Zp 11
— U
5 Uy = Uy }__ Usey
1 T Zyp——— |
Wy o LWy
0 " T 0 [ Tt R

(a) Rectangular elememt (b) Triangular element

Fig. 1 Normal velocity distribution on the bound-
aries of axisymmetric elements



UBET® ©| 8% %94 Ra3delds #7440 23 A7

Bo= (Wiszi01— Wisn12) / (zi01— ;)
Bz= U.',j?’.'+ 1/2 (B: 7,2)

(b) 34 24
U=-Aa+d
W=ArZ+4s (2)
o 7)A,

A== Ui+1.j7’i+x/(7’i+ Vis)
Ar=vr:

v . 75412 Uiy
As= Wit (ritris) 7

22 olux|2H§
$4 AA8EEge] AL £4RFLolA A
oA 4ol & e e ol vebd 4 Yok,

J*= Wit Wat Wy @)
o714, Zzbel o R 4u|&e b2 2,
W,-=f;6€"dV

o714, é=[%éﬁéu]l/2°] o},

ir G

W,=Z [ 14Ul ds. (5)
. 0

W,=mZ [ |4Uds, (6)

alzle] 7AA%ES F5% 4 (pseudo-independent
parameter) 2 3t A & vh A (direct search me-
thod) &} ¥¢¥% <) FPSM (Flexible Polyhedron Search
Method) "¢ AH&3te] AA oA Ll &S H4
Bgesd AAS=RE AFdA ok =3 4
A 85 PE o3 ol 2EY 4 3o

*

_J
P=7 n

23 2K 85 ¥ 24 M74Y

thol A ol wE AMEel FutatAe zAE] 9
e 72 AAAE tho] Ao whet o] =A
2 U] 7 chAlefAlel A ouALuigE
42 e 53 NGS5 L ol g5l 474y 83
37y Be o] ARFE gtolFe ARE AFY
o}, 4748 gt 343 se e AFER dielF

1119
o9 HEt e 2o
(a) 47ty a4
ri=yi+dt - Us;
rin=rintdt - Uisrj
Zi=z;+dt - W
=2zt At « Wi (8)
(b) 349 #F84
ri=rit vitvin

rivi=rint 4t « Uier;
Z=z+4dt + Wiin

z}+1=zj+1+At-< Wii+1 jj;fj:l Ui+l.j> (9)

AAs Lol A o HEYtAlzh APl et
M W ABLLE Aolel vjaaie] WAl
AALEE Bdgo) A7A He 249 a7 A
A zAel wiHA Hch, =t o BASAL
A 845 ATFAY 297 Uk 84 AFA
ul o} (element regeneration method)oll = 3l 4] =
My o ol A} aaAzde oy o
AEE 3o AdHeLE Alelo] A E(pene-
tration), <7 (mismatching), 73 (gap) & °l
A7A g5E sdch 2@ ATA4E 849 ®E
WY FL 7|2GTNA A3 LEEA

24 ojujMYH U =3{aXo| M

du| 4FA AAe 7HEFE AACA AR TR
& A F9 shtelnh, WAY dxolA AP
A AAE A AuAFAY A5 As, B4
AAE 23geh £ AT AuAFA AAE 4
8] Park 5%e] Agtslz Kim 5%] AAles
Hol =98 AFHEE ol &3k oA F A}
z712A5 A

ZYA7L e FFAEAN d2AL AF3E,
z7)oll EAE AR, o9 2L e
2 dg o AFAS st A Al gAY
o FHog FaAAR M F& celdg §F
5ol A4 dert Yo webd & dFAdE A
Lol EAA7E e FFAFTAA qFH s o
AYAE AR of duAdFAY BEAE
AEs7) fsh A Agdeldg sk A
o) AR HFAFY AHo) Founz FHAFE
Ui ol #F3le o] & o AR X7



1120 245 - Py

Soasizs dels) 2493 43N 159
A A galold) AFRANN A5Hez 5
B, ARG 2AH) Al ookl 4
A5 Wolf, Teterin, Tarnovskij 5o] 4|3 Z=)
Al APAMez A2 FARE AdFordy
(A2 o] Hg Aol gt FefAgL £A7} tho]
Agel FF3] REF AFUA AA=H A Y
Algdlo]d HAAeA & 4 Uicl) cholg
Zapakal ubzdubakel REo) wlHA AW
Ao Zulskolr} ulzdulsko g AL g, BA
s ould A dis ohAl A Agle]des
selshn choldatsst FehA el Fol A
U AFE GAsh 2 BYes AA LR
solotge wEPezA A duldYAE
AAY BAAAE el AN AYA B o
g AuAPAE utEr] A 271449 A4=
Golop g, azlE2 £ AFAE ¥
o AAxA WA} e Yoz FA7 Ye
duldPANE HFPHo s Hn qFHo2 AA
B z7)aA Aol FA AFHE L] bE
Aolgo 2 cho|7} LAF MYAZ FAol
A Aol FFo| HastEHE HAL 274

AR

2.5 Man-Machine Interface 7H%}
£ dPdAe S Zu-glugee] s Man-

Prediction of
initial billet
of pre!orm

Prediction of

e
of torging load

Initial hillet

(an\n data,

i‘omrd UBET
simulation

Final nhape
{in; p\n. data)

chknrd UBET
simulation

Check preform
or initial billet

Optimum load o
omplete die—filling

C
of preform or
initial billet

Fig. 2 Flow chart for AXFOR package program
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