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A Study on the Process Planning and Tool Design of
Cold Forging Using Personal Computer (I])

Jae Chan Choi, Byung Min Kim, Hyung Sub Kim and Man Jo Huh

7kt

Sequence (A HFA),

%), CAPP(Computer Aided Process Planning),

Preform Design (ol u] A& A A,

Abstract

Forming

Tool Design(ZFA4A])

Some Developments in computer aided procedures for cold forging process and tool design of

rotationally symmetric cup shape parts are described. The developed system enables appropriate

forging sequence to be determined automatically, together with details of corresponding preform,

die and punch design. The computer program developed is interactive and written in BAS IC. This

systemn not only assist the heavy work of designers but greatly shorten the time of design.
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Table 1  Guidance values for workpiece dimensions!®%

| MATA MAT.B MAT.C f:[ do
u
UL 1.6 1.6 1.6 lo f—-r[
1
BL 2.25 2.95 2.25 s
IL(e) | 0.45 0.4 0.35 o
(0.36) (0.33) (0.30) @
MABL (¢) 1 1.06 0.92 0.78 T
(0.65) (0.60) (0.55) —
MIBL (¢) 0.16 0.28 0.37 @
(0.15) (2.25) (0.31)
WL 2.5 2.0 1.5 -
dl

Where UL =Upsetting limit (In lo//1)
BL =Buckling limit (/o/do)
IL=1Ironing limit (In A1/A2)
WL =Wall height limit on backward extrusion (k1/d1)
MABL=Maximum backward extrusion limit(In(d?/{d}—d3)))
MIBL =Minimum backward extrusion limit(In(4?/(d?—d3)))
e=Area of reduction
MAT.A: AISI-1008, 1010, 1013, 1016, 3115, 5015, 5115
MAT.B: AISI-1018, 1020, 1022, 1024, 1035, 1038, 1040
MAT.C: AISI-1045, 1050, 1060, 1070, 1080, 4340, 4640

2 &2 % +3 o] &A= Table 1o] el glch,

7. A Ao BEL FulqbE g, 15. A EFW ol wholzl FRo] 9lg Afoe

8. FUEEAY 13 713E 4 v ddFd chol Al 8o Fabdo] AL Ao,
+#gEe Table 19 MABLS 238 4 16. chekie] Fulqta e uzde]l & iy
gf tjro1e, FRA o2 Y3,

9. Fub ok HaFd4HY EL Tabled 17. 3342419 tholu gk ofgf 9} zErpuiorn
o} MIBLY.t} # ofghejeoro, chol gk = (A2/Al) A4 1

10. 130l 7128 & g A Fae Fulg
ol Hx A7 WLulg Y& 4 22 28 MA 7
1024 (1) cho] A A F3

.

11. Wulel Srls Fulqtad ¥ SR 7 18. 289 F=2E %74% X (thick-walled
ofghej1ord, cylinder) 2 2 3% 24 9t tlo]alAeet
(B 34 A% 4 3R goer FAHHAL,

12. 2.2 3 (cropping) ol <3 FuletEE 4
AR AAe] AFEo 7t e AYBF
Artslo] dAMPell oJste] HHE Foz o
vl g g,

N
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13. feskE4 Fe4 =H¥Ee] MIBL o B
g de AA 3, (2) (&) (e)
14. 799 HdEols} Mx A BL w: Fig. 2 Die design for backward can extrusion®?

Wea ZulqlEgl wh& ofolel Ysin] ofol 1, 2-die parts; 3-shrink ring; 4-ejector
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d based on inner diameter of R ground without scratches 23 e Ji °© ‘i ]‘_ d ] ‘:] 4 ]Oﬂ }J\O‘] -]
workpiece Ri= {0.05...0.1)d S8 AZFL dulstr] YA FHSAY 2
di= 3-[2R1+(0.2...0.3)D] 2a= 170°...160° , N
cld A o] W= mHéo
&= d-(0.1...0.2) [mm] B =4°,..5° iy "4_ dshs s ot
@t 1 - 150 24. ¥UYEL AL SHUEE Ao s
ad® (1.3...1.5)d § = 5°,..15° < N .
h = (0.3...0.7)d Ta< 0.05 m(axial runcut) of fhedwistiol 2L A7 2 Holukdy
:;: ;;5‘3 Tr< 0.0 for d,d1,d2,d3 £ 7} okdlrh
h3z 0.5d4 {radial runout) Fulolz 2 3o 8 A0 =z a
. 3 L. J]& djo|E}E
h4 according to design of stripper 2 TOJEO = ]4 c o ]‘_ ﬂ ] l‘a
slleve %%-5‘-1.1;}_(10.11)
Fig. 3 Punch design for backward extrusion 26. 2~ E ¥ ¥ 24 (stripper bush) 7} H 2 g =
(a) Short (b) Longtetn 7ol = ©h¥ (short type) o] Fuiqha x|
F AEEHON(Fig. 3 H2),
19. ¥ 58 & v 450w, F4, @ 27. 22 247 Had 34 FolE 2 (lo-
Sof wjAELel e W A ZE AT ng type) o) FubobE W A & ApL gk oD,
o ASole ejector Y& FghEoiolE
A8k} (Fig. 2a)0%0, 3. =z e ¥ =E g
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E, choluighe] Rsh(I600N/mm® ol4) o zaeist 9 FEHRFTAHY oJsR FAMS
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INPUT
GEOMETRICAL PARAMETER
MATERIAL PARAMETER

MATERIAL DATABASE |

K

PROCESS PARAMETER

MECHANICAL PROPERTY
DATABASE

FORMING RULE OPERATION SELECTION
DATABASE PREFORM DESIGN
Ai FORCE CALCULATION
DETERMINATION OF FORMING
FCALCULATION SEQUENCE
RULE DATABASE

OUTPUT

PROCESS PERFORMANCE
CONDITION

DISPLAY OF FORMING
SEQUENCE & PREFORM
DIMENSIONS

FORMING LIMIT
DATABASE

Fig. 4 Blockdiagram for “Cup-Forming”
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INPUT

GEOMETRICAL PARAMETER
MATERIAL PARAMETER &
PROCESS PARAMETER

DIE,PUNCH MATERIAL
DATABASE

$\\\5 MECHANICAL PROPERTY

DATABASE

DIE DESIGN

CALCULATION
RULE DATABASE

SELECTION OF DIE & PUNCH

DETERMINATION OF SHAPE &
STRUCTURE OF PUNCH,DIE
CALCULATION OF FITTING
PRESSURE, INTERFERENCE
AND FITTING TEMPERATURE.

RULE DATABASE TYPE
i CALCULATION OF OPTIMAL 4“___# CONSTRAINT DATABASEI
DIAMETER RATIO :

ouUTPUT

CONDITION

DISPLAY OF DIE DESIGN
DISPLAY OF PUNCH DESIGN
DISPLAY OF PERFORMANCE

Fig. 5 Blockdiagram for “Cup-Die”
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Fig. 6 Display of forming sequence of cup-shape part
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Fig. 7 Actual process of the sample part
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dsse MR s
2:44.5 he=11.5 |
43-37.8  h3=il3 q!
Friction coef, (upsettmg) 0.1 8 l
Friction coef.(back,ext.)=0.84 i
Friction coef,(ironing) 8.1 K| !
Billet Dianeterc3t ’L/////!/// / J
Naterial (AISD)=1815 ——dl.
Clearance=0.2

Fig. 8 Input for “Cup-Forming”

: (45, 4.5

| T 7.4/[1
il ['—)7 | e (FREL
al | s, mml v

38, 55,64 55,84 5684

Mo Operation Punch Pres. Die Pres, Load
CRarwed) " Chg/mekt) (ggmg)

B Deiths .9
psetting 67,
3 Back Ext 24%.6 196.3 5353
¥ Back Ext  214.0 .5 481

Fig. 9 Output of “Cup-Forming;’

Die assemblies ®ouble ping

(backwrd can extrusion) NOTE

Die insert waterial=SKDLL
Die 1%:5221m

300.0
184

R

|

Hrc} 63
Stmssﬁinwtuial:SMl

Ead

Hre) 45

Interference 219,812

30.0
Interference 22:0.763
Fitting tewp, 1= 409

_\_Lf,ﬂ
Fitting force.Fl= 19,1

4 Fitting tewp. 12-366.8

Permissible Die Inner Pressure (PAK)= 170.45
Fig. 10 Output of “Cup-Die” (1)
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Die assemblies ¥double ring
(hackward can extrusion) MIE
Die insert material=SKDil
59.9 - 21800
'1'3' §t A terial=SKDS1
, ress ring material=
G B 2000
Hred 45
h' Interference 21-0.916
[,_._-—- q—_‘l .0 Interference 72-0.998
- l Fitting foms 1oL
’ 1tting force.Fl=119,
54~ Fitting tewp, T2-4pd

Fitting force,F2:73.2
Perwissible Die Inner Pressuve (PAN): 178.22

Fig. 11 Output of “Cup-Die” (2)

Die assemblies,¥single vring

(hackward can extrusion) NOTE

Die insept material=SKD11
E- 21600

fgg? §t Hoe) ol terial=SKT4
f 1ess pIng matepial=
S £ 21400

e g hrg) 45

l' Interference 21-0,74)

B
PP Fitting temp, 11400
- Fitting force,F1-118.7

Permissible Die Inner Pressure (PA)= 147.24
Fig. 12 Output of “Cup-Die” (3)

A 7120z dgor AUy zzade oiy
ol YEolm WGl sholxl A4 ALl
A4 + Jonl, ALY4E Dol AZo A4

& AATS AYE3AHe
Fig. 7¢ 4zuz

F7190% 22ade 4943 E welF g
A QA dsidez Had (Fig 8) 45

AF7= 2 AHEA,
g Al

O
+

[0

rlo

Aul QYA 7lsera
sAE AAde, ol 4
So] A5z AYdAch(Fig. 9). o 24
Fig. 6E] % $ ol o, of 71 4 “CUP-

A4, 7

FORMING™e] 874371 Ao FALAAS} A

47 o) AF sl aa o 0o

Naterial |
Shi9

197

b P

Desian Data - i

z 44
22,

D= 44, -

) M W | W3
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1Y |03 ||| 04

Load

*Horkini

684.7Ton

Fig. 13 Output of “Cup-Die” (4)
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"
(]
=1

Fig. 14 Output of “Cup-Die” (5)
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