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Process Design in Cold Forging of the Backward
and Forward Extruded Part

G.S. Min*, J. Choi**, J.C. Choi***, B.M. Kim*** and H.Y. Cho****

ABSTRACT

The process design of backward and forward extrusion- of axisymmetric part has been studied in this
paper. The important factors of cold forging process with complex geometry are the design of initial billet
shape, the possibility of forming by one-stage operation and the determination of preform shapes, etc.
Based on the systematic procedure of process sequence design, the forming operation of cold forged part is
analyzed by the commercial finite element program, DEFORM. The design criteria are forming load, geo~
metrical filling without defect and a sound distribution of effective strain in final product. It is noted that
one step of preform operation is required to obtain the final product. Numerical result is compared with
experimental one. It is found that the analyzed result is in good agreement with actual forming result.

Key Words: Cold Forging(7+92), Process Design(3344), Preform (¥4 & 4))
Rigid-Plastic Finite Element Method (744 3 84%), Backward and Forward(134¢H%)

1.M8 o9 A% D A8 2% A% A2 5o sk FAHE
2 A% A 287t BolA AFWI 43¢ 29
B9 Wlss, DS 240 ma e W s Bk g A2e AF 40E 98 4337

2FY T A2U7E Fol7] AT FHMA o) o] o8 = Al v &2 Fol7] SJste], A4
A77h.gds AYgsn glok Yidz FPAA4 ol 9 28 3 79 Az oA 249 ¥4, BFUY
< 71 88 A2 Aol Y AES 4Fs] A o A& B a2l AREE TFH 22 AT FRE
@ dudy B g Qe PR 2 Felg g+ 2 AZE 5 e 71FEol st

. a3y 44 @M E dEE 4EE AR, 44 oo AFE S 7YY AL AFHE o) &
C cRdEde AsAs, 324

v ¥AusE gad JASATES, a8

o RAdign 7|A4AFE3, NSDM for ERC, F34

ook

e

FHd%E FE71AZ T, NSDM for ERC. 334

57



A - HFR

g o7k 71 Eol HBTHAA 3 SFUA &2
3] ol g5 3 . BEH A4H g8 52 A 2
of £d€ 2AFHE o182 4¥EH % :ﬁ‘%‘ AA A&
2 29 f5, 8 R HMPE RESEAZE 7
7k gle wh, RRe iy o83 A oHeRE o
o 2 FRES YA ATE & AoHt?, £Y &
Farie] 7 4AA A8 F9 vt oA 43
380l sloiM e B A A .
a8y frF2ANE o &8 AN YoM £ @
FAA FPstnz ste AUGETS FUEEe] FAl
dojube st v FU FF st gz 34
AAE YT de At ol 2 4T LA AF
o e & oA Adeze] 4¥ 7ked 2 ¥ A
¥ 339 Yoy T T 3 Wl A o
BHoln AAAA AANYPES 242 48 fEsL
6}]&] =239 DEFORM™¢ o] &3td 98 714 &
Ao dig Agdold 4 E TPt HH9 3F
121° A7) Agta, 9A 4P B & Hed 27

2AE B & 2A 3}?3°i A3 dz¥ e 4%
A4S AESD, @ 9A Ao B5H A% g,]z.
g4z %*Jzi Fate A2 438e oA

g P¥E 4L F de AP dudEAS °ﬂ~—o}°4
A dx¥4E H¥ste 3P dAs A sET &

g ojel@ AR RE 4L FFL2 AAZ AFS B
& A &g AFA

&2AE Al 20249]

al
7 #8822 Sy Ared
2 il TS 2

Aol el dHABE

=
2

dJ
)
1
tlo
ne
32
oo

G =3578%%  (N/mm?)

29} 28 Aolo] BEHA ulRS 33y 9fst
o u}@AE e 0.128 Poen, g3 gAlolmz
AAF A 1/29 A6t

2.2 BYA £
R

Ag
e,
-
e
by
o
o
ok
[

RESE)

58

BN
[l
>.

Y3p] 943 FHEHE Fig. 19 Jehde
&9 717415'a£i—‘?—E1 a8 JANTE
e d2EE S A4stn o)E 9xsd Yo
gatr] & g 27 24 F4E AR W J)E
ol g3t o) 7kx 27} &A] Pike EFH
Fota, ABE 27 a4 & o83ty
Aoz AlEHolAdTt. AlBH oA 2RE
a3t Ul A degle @ 2
IS ¢ 7 U, BEFA R
Z A48T 7 g g2 27 4
A Faa HFEAY FADAJ AudFAE oﬂ*d
o 27] 2AE 5E uYA AR 4¥T
duidBAE HFEYE AFste S AL °l
o A¥ste Aol LrHE &
AUAEAE A S8} o
e FAH L PR £, 2

Ay &5 Au utE AYE XS AL & e

|DETERMl'NATlON OF FORGED SHAPE DIMENSIONS.

A, Xﬂ

oft

rxzmﬁ%ﬂr&rx&

PN ol
[

AEsld A7
A Agues
39 @ oA Fetez

°oE
of g
38

o Fo" J}-)J

DETERMINATION OF INITIAL BILLET SIZE '

SIMULATION USING DETERMINED BILLET

LOADING SIMULATION

ANOTHER TYPE

OF PREFORM
SATISFY DESIGN
CONDITION ?

Fig. 1 The procedure of process design



PRI L FEEA #1437 A8E (1997 8Y)

V3 ARG duEEA e AR AFAFoR
Agshe A& 2 3FAAY £X 8 dd,

3. HEo SY4A

3.1 Ctxz Mol XN

2 dFelA FHEAE FYstuzt sk AF AFY
NAZHL Fig.2%t 2ol AT AFY 4&9 43
FRE 5AlY aF8tn slen, FulAolA g e} vl
A B gAelnz YuazIA A=Ay 4
Wz A¥ske A& lsdite A2 ¢ & e

‘ 948.2
|
. -
I
!
-
o~
e
[}
% 1 3
I
|
I
935.4
950.7
261.0
Fig. 2 A drawing of machined part
(964.0)
(851.0)
!
]
@
]
1
@ s

=125
NN\ \&
wo -

Bmox

032.8
943.6
053.0

Fig. 3 A drawing of forged part

Hreo 7AMEE 8T8} WZE"M] "g3A o
Fig.3dl€ @2 ¥ 7AVtEE 430 + gle g2
EHS Y Ao ARFoT TgtEe], sHEZS
2 AdgtEe] doue FA ot 93 4L AdxE
227] A3 Hage 7T RE TR, 2 FHY
g5 Fo @A s ddt vho] AAFEY LA T
 (piercing) #{do] &FHEE HolA F& H4g
37) 9stal 29 fEAE 12sld 74 5mm, B
¥3-% 3mmE st

3.2 7| Aol MH
%HWOE YadzdA 27] A9 JFL Gz 3
< Hidletn HYE BXE YA T F UES
&l%zﬂa«l A7 F9] SE A9t wpetx & °4?
qaEe dREHoZHE U4 S

g mejetel AA(4

some] 27] 248 AF Y. e £ed) o3 xﬂf
o AHel 117350mm’°l‘3i 47 52me 27] Ao
g3 gol(hE Sa4 %3t 27 o 5olo) A2

FZo] 2 o}xl e 2" 125 56mz &3]
o

3.3 7| £Xe| Algzo|M

3 A Aoz HF 2x¥de 4% 754, As
o &% FYNT A A F& Lotr] Y3ty
ARE 27 2A2RH HF AFLRY AY AlEd
Ag FsIAT 27] 24 527 x569] 4ddy Wye
2RH 4% AEdelde 18 3% & Fig4el YA
o}, 28N THo| AP w} A FEo] 4 - B2

(stroke = Omm) (stroke = 35mm) (stroke = 45mm) (stroke = 55mm)

Fig. 4 Simulation of forging operation from initial billet to
final product



074 338 4D 29N - A

FAA dojua glon, A" 2 wjEd (bar-
relling) @4 W 4 thol7} 2 & o ol & 43
A$7) Ao A FY4H FELE fEH AuE
(cavity) MZHo] FZF3to 42¥H & daepn XEE
¢ 3l & 130 Fgez f5%0] B2 g2 A
B FEoN SPRTE &) 2R Rehe 2R
of g wtx 27| 2AE °]&F AF AFHA
9 Agdolde2 Ry & o7 AYtes HF Bx%
d gez J¥de AL Erlesid, UEAY M|
BB a7EE ¢ 5 U

3.4 oflo| gy MA
TYUREY Agol FE3H AFY 2o sl vt
A% AYE ZIE 4E & Ux PG dudPAE
A7) st 527 x56" 271 LAE o]Edto oHHE
A HAE YA FGA Y9 Al B ol ATt
Me z27] 2A28H HF AFE HA¥st= d YA
uguee] 2] 5 Wi 4EFHE 45 + AU
ong oy BAE A HaMe JU4d 34
(finish operation)olA e AYA| ZHHE LAV} HA
fFeHe MEE 84 dojuA] Y= F duidEAE
Aok gt &, 75 4E F2o JquddEAE T
X gow HF AEY 4¥o] il e ¥
& Qlch =3 uARA Y o FEL T4 FH
A QU EAE gttolof tAdEA ARY £ e
o2 st
52/ x 56" Z7] AANZRE U E TET7] 9
A= Fig.4olA vehd viel Zo] &7t ER4F2
FE5HE HEY A4S JA] Hstd & 74 4F
Yo7 stejof ek, whebr Fig.bell duld @A 3
& F7 et AT o] 28D Zeo] U4
A9 7L H4FA} FUst the] ol B0 £
ALE 2 R& mFs ok 3, 2ol Zo] 7k
BRo FAE "A, slREo o A & Ho|g B,
a8)m ARZo R T ¢hE Aol e R, 3
MZo 29 ¢43E ¢ wE A4S #9438
A9 dulgdgA 4L 23 At 9474 A7
%o wjE2y datol 42 de FAA 30mmE 2
AAom, of g 48 A4S Bt gohd Aol
o A AdEale] FEE $W 4EFe] MY gL F,
"C’9) ol 718 & duAE A OAMRY, A e
o] 714 Be Z, "B"Y #& /M E <uA A @A

*..

A
=

a3 oX

(<]

o 2

rlo

60

AR &, A - 3 429 A5 geiA AF A
Eo29 APAE N £ e g E 22
2+ skt

Fig.6ql%& | & duABAE Adete dzdl3e H
g BA e Ao, dugA O, @ 2 B9 A4t
900kN =2 718 A Jeged, dud3gs @~
®9] A% 1500~2000KN A=E 2A Jebyeh, o
ZhA & ATl A¥stn ste AEF A9 AN
AuetE: JYof £ 3}Fo] edtun 2 o] Bt ¢EFY
< Aok B etFo| FolFE & £ ATt &, Aol
9 &4 20mm F2o) A AGEHo] B2 ALFE A
gatFol A b}

a2z go] QgL JUAZA 671K AL RE9
ol dssigon WIE B G T3 fAlSY
o} o) dolA AHE upe} 2o du e A ¢l
oNE B2 &% ZHozRY duidA O, 02 @
o A7t Mg 43 duldgAzte 298 &+
AT

Preform @ Preform @ Preform @ Preform @

Preform @

Preform @

A=30.0 A=30.0 A=30.0 A=30.0 A=30.0 A=30.0
B= 85 B=10.5 B=125 8=19.0 8=24.0 B=29.0
€=30.0 C=28.0 £=26.0 =210 =185 c=16.1
Fig. 5 Various shapes of preform
3000
1 —— Preform D
2 —— Preform @
3 —— Preform ®
4 —— Preform @ 6
2000
= 5 —— Preform & 5
= 6 —— Preform ®
= 4
o
<]
o
~ 1000 |
o
0 L 1 Il 1
o] 5 10 15 20 25

Stroke (mm)
Fig.6 Variations of forging load as preform dies with initial billet



P23 #1478 A8Z (199732 8Y)

3.5 2Z HE Mgo| AlgsolM

& AN 4AD 6714 dulgA FAN D~
437 HAo|UAL, Y-S AES) Y5t AAE
PR 25 el HF ABoE P A E
EREER L=

FolA 9] 6712 el B A tetd EY A F F
FAE Aoz Y Y e M E FXE Fig.7d
UYERAT d71M A E R Ad WEE 37)E 67
2] A% RE 2.0 £F02 Jeitenz H2 AT JY
ol o] TAYFA ST ¢ ¢ AT, matq o &
PN 2R AF AZS HPH 43§ AES
a& 5 A,

Fig.8ole AP AZHE HAF AFES 4Ysint
719 Agsze WalE Yehhoich. A vl g @A
Ao &3] g gA @9 3¢ 3250kNe2 71 7
stem, uEA @ € @9 A+T ol A
2400kN F=2 2t & Holz Ut duidda @
~-®9 73$E 4000~5700kN FE2 & 85 & Holx
st g2l HZE AF FY9 ALE udYA 4y
¢ B4 A 2 HEA O~ B4t 3%
o] ooz JYPAo] 433 Ao Yehyy, £
Fig.89M = Fig.69 <JH1Ad8A 489 39 rlalA|
2 AFY YA AWLEA & 35S e =
2 Athole] 3% 20mm F2NMY 48 13 At
S| B2 AYFE 2 S dede A ¢+ U

Preform @ Preform @ Preform @
Preform @ Preform & Preform ®

Fig.7 Distributions of effective strain for each preform
shapes

61

6000 5
1 ——— Preform D 6
5000 2 — Preform@
3 — Preform@
4 —— Preform @
4000
= 00 5 —— Preform 5 41
< 6 —— Preform ® 2
- 3000 3
o
o
J
2000
1000
0

0 5 10 15 20 25
Stroke (mm)

Fig. 8 Variations of forging load as finisher die with each

preform
6000
ZONE 1 / ZONE It
(unfilted) {load increased)
5000
z
53 .
9
3
5
S
4000
O—4g
o b—
5 8.5 125 15 20 25 30
"8" -value

(length of forward extrusion)

Fig. 9 Comparison of final forging load with various preform
shapes in forward extruded length

olgi gt ARZHE Yol N} & dFE vA=
Hes AUtEE B'YUE € o lemz, duAddA
o AdEBd w FE AFS 4Yske o "8
A8 v g dA A 815-& Fig.99] vlmalr}, o
Jgo2RY, AWAEH 'B'Y @S F& dUFE9 3
AR Y A2 12 5mmE A Qe @9 AL
7t A% AE AE dFel e A& G F Ut ®
g A¥stFe A4S AAS HAs] getd "B &%
o] 6.5mm ¥ 14.5mmedl] WA 7} A st a8
2 "B"=8.59 ZA$E duidgA D A$old,
"B’=10.59 A%= duA¥A @, 'B"'=12.59 A%
= dquAds @), "'B'=19.09 A$E duAdEA @,



At - HFS - AR - AP - 28

"B'=24.09] A¥ dud¥gA @, 281 "B"'=29.0
9 A% A EA @ 244 duisty Yot Fig.99]
Zone 1919 A% HZ AFY AFA do] JHZ
of ¢Asl AARA ke, 1 A%E "B"=6.5mm
Ql el dg A g 3712 st Fig. 109 Jehd
At Zone NAM <= U EA £ HF AF H¥e
Fol ZA Jvehgd. a8y Zone [oAE duAEA)
9 HFAFY Yat3ol BAC A Uelod, go
ALE FT3G. o] 49 FoM = EZeRY hE
o] 12.5mm ¥ W 4Y3Fo] 3223kNoZ H42 g
¢ F 3
oAtz g& AnE duyEA A
2L 12.5mmZ Sh= Aol AF AF A
7bE Ade 29E d9lon duAiIAE A
3 A¥e3 =g 900kNeZ 7H4 Ze groz uUehy
ot watd Fig.llole oAg A9 QuldgAe o
3}

TP TTT

| 6.5

_ _ 3 AN ARE Jehd Aoz, o) Ag A=t g3
unfilled cavity W AYE BE 4L 02 uARAYG S48
Fig. 10 Simulation of die filling with the preform of 6.5mm ¢ 5 At

forward extruded length Fig.12€ duddA9 4g & 2 Aaly 43S
Asl7) 93 28eg ody ANIE A gL 7
oddg ANjE & 479 HEE £XE RdF3 Uk

£

[}
2
<]
T

[N

(a) mesh system of simulation results

(b) distribution of effective strain of simulation results unfilling cavity
Fig. 11 Mesh system and distribution of effective strain in Fig. 12 Distribution of effective strain in case of non-
optimal design process ("B''=12.5mm) annealed preform

62



#ZAD 23 A 41478 A8E (19973 84)

of a”AA & & 3 kst Zo] FY AYE R 2
249 A ¥YEL 3.0 FELE FTHHE 2 WY
go] A en ojfd dgelNe A 249 75
ol 2ATE ¢+ A wA T AFAA AT
4% AF AFol QoiA udFAE I Fole
FEA] EY AE AAL & ¢ 5 T

ol e BAH fEas AEYolH FRRRH,
4 AFL FEF) YNLRE AP A 4E T
32 Fig.13% 24,

!
!

952

(o) initial billet (b) preform

Annealing .

(¢) heat treatment (d) final forging

Fig. 13 Optimal forming process of cold forging

1hes

=i e—

L=

i
— 1 i
(b) final product die set

(a) preform die set

Fig. 14 Schematic illustrations of die set to form the product

4. HEo| 48

ool N&d 3HAAY SET wet AA| oy
HBAZ AFea oA Y5 A3l Fig.149 2
o} duj YA & F¥ JYUH tholo] 12E 4H T4
. AT A8sy] A48 Ty 2t 3008 /¢ =
Y28 gty o, o o ¥ £+ 10mm/ming &
At} Fig.159€ 4% Z23F o ARz 334
Aol Aa}e} Zo] AYo| gle 5T AFo 4FHUS
o, 4823 f4F 7Y & LA &AL

Fig. 15 Photograph of final product

5.2 &
#8488 AAAelL WA APEE
& 272 394 A - 5% 955 42
& ddsien ney ve TeE A,
L ERCE PR RS
a oxE Wihss, WY
& 74 GEES A4
o2 Yalol k.
2. 29508 AAE WA AL, A 2 )
47 W5 dol WA U LES

ﬂd
oo
_?(_r‘
Do
0
g
ol
p

23 24
B233 ¢ 2eldkd 4% AT 93 289
A9¢ 4H4FAE FANE



Wiy A3

CHAR A - zE 8

3. & @79M d¥stax dte YdxEe| dxE
Age sHFEozY &%l 12.5mmd ke He
dH4FAE Ho}c Aol e PA 9 dYats 7 A
F AE9 4BstFol T3] AA Uehsnt. whA ol
& qugE & 3Pz AHHBAE BB, oRE
ody I¥E AXN ¥ JFdzxEd FHoE d¥dle
3R M AREE ¢+ ANt

4. o9 ATEAZRE L& HH FHUAE o
L3t AA JY T date A2 TG F A A

Fugd

1. Sevenler K., Raghupati,P.S. and Altan.T.,
‘Fogming Sequence Design for Multistage
Cold Forging'. J. of Mech. Work. Tech.,
Vol.14, pp.121-135., 1987.

2. Osakada,K., Kado,T. and Yang.G.B.,
“Application of AI-Technique to Process
Planning of Cold Forging', Annals of the
CIRP, Vo0l.37, No.1, pp.239-242, 1988.

3. Bariani.P. and Knight.W., “Computer-Aided
Cold -Forging Process Design : A Knowledge
Based System Approach to Forming
Sequence Generation’, Annals of the CIRP,
Vol.37. No.l, pp.243-246., 1988.

4. Vemuri. K.R., Oh,S.I. and Altan,T., “BID :
A Knowledge-Based System to Automate
Blocker Design’, Int. J. Mach. Tools Manu-
fact., Vol.29, No.4, pp.505-518., 1989.

5. Park.J.J., Rebelo,N. and Kobayashi.S., "A
New Approach to Preform Design in Metal
Forming with the Finite Element Method",
Int. J. Mach. Tool Des. Res., Vo0l.23, No.1,
pp.71-79., 1983.

6. Hwang,S.M. and Kobayashi,S., “Preform
Design in Disk Forging”, Int. J. Mach. Tool
Des. Res., Vol.26, No.3, pp.231-243., 1986.

64

7.

10.

11.

12.

13.

14.

15.

. Kim,N.S. and Kobayashi,S.,

Yang,D.Y. and Kim,K.H., “Rigid-Plastic
Finite Element Analysis of Plane Strain
Ring Rolling”", Int. J. Mech. Sci., Vol.30,
No.8, pp.571-580., 1988.

. Kang,B.S., Kim,N.S. and Kobayashi,S.,

“Computer-Aided Preform Design in Forging
of an Airfoil Section Blade™, Int. J. Mach.
Tools Manufact., Vol.30, No.1, pp.43-52.,
1990.

“Preform
Design in H-Shaped Cross Sectional
Axisymmetric Forging by the Finite Element
Method", Int. J. Mach. Tools Manufact.,
Vol.30. No.2, pp.243-268., 1990.
Kang,B.S. and Kobayashi,S.,
Design in Ring Rolling Processes by the
Three-Dimensional Finite Element Method',
Int. J. Mach. Tools Manufact., Vol.31,
No.1, pp.139-151., 1991.

Kang,B.S., “Process Sequence Design in a
Heading Process”, J. of Materials Processing
Technology, Vol.27, pp.213-226., 1991.
Altan,T. and Knoerr,M., “Application of the
2D Finite Element Method to Simulation of
Cold-Forging Processes , J. of Materials
Processing Technology, Vol.35, pp.275-302.,
1992.

Zienkiewicz,0.C., “The Finite Element
Method”, 3rd Edition, McGraw-Hill, UK.,
19717.

American Scoiety for Matals, “Metals Hand-
book 8th Edition”, ASM, Matals Park, Ohio
44073, Vol 4, p.485., 1969.

S.Kobayashi and C.H.Lee, ‘Deformation
Circular Cylinders’, Proc. North American
Metalworking Research Conference, Vol.1,
p.185, 1973.

“Preform



