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Application for Advanced Process Simulation of Die Forging with Computer Aided Engineering and Plasticine Model
Tadatsugu Yoshida,Katsuhiko Osaki,Morihiko Nakasaki,Masakazu Yano and Yoshio Kasahara

Synopsis: Hot die forging processes of axially symmetric parts such as blank for large bearing, gear, and parts for an auto-
mobile were simulated by rigid plastic FEM, plasticine(one kind of clay) model and partly real press machine. As a
result, almost identical patterns of material flow were obtained from both calculations and experiments. Qualitative
correspondence of forging load was also obtained. This process simulation system has high reliability and large
applicability, since it is based on two different fundamental technologies. One is physical simulation technology
using plasticine model that can avoid the influence of temperature, and the other is FEM that has been adopted to
many types of metal forming analyses, especially forging analyses by many researchers. This system is useful for
prediction of 1)patterns of metal flow in forged parts, 2)forging load and 3)pressure and slipping on the tool sur-
face.

Key words: special steel; die forging; hot forging; near net; process simulation; CAE; FEM; rigid plastic finite element method;
plasticine simulation; material flow; coefficient of friction; horizontal hot transfer former.
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Fig.1.  Flow chart of analysis.
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Fig.2.  Mesh generation.
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Fig.3. Forging process of large bearing blank.

Table 1. Condition of calculation. (Material for large type bearing)
Condition 1st process 2nd process
Number of element 180 277 (max.)
Number of node 210 313 (max.)
Stroke velocity/mm/sec 800
Element type 4-node isoparametric square element
Flow stress/MPa g=100¢& %!
Friction coefficient Coulomb friction x=0.2
Coefficient dependence on pressure 1/g=500
Steps of calculation 60
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Fig.4.  Working mechanism of horizontal hot transfer former.
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Table 2. Condition of calculation. (auto mobile part)

Condition 1st process 2nd process
Number of element 205 (max. ) 238 (max. )
Number of node 203 (max. ) 242 (max. )

Stroke velocity,/mm/sec

800

Element type

4-node isoparametric square element

Flow stress,/MPa o=100 & %'
Friction coefficient Coulomb friction #=0,0.1,0.2,0.3
Coefficient dependence on pressure 1/g=500
Steps of calculation 60

blank 1st step 2nd step
reverse reverse
extrusion extrusion

Fig.5. Forging process of automobile part.
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#2 closed forging
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Fig.7.  Dimension of upset and forged blank.
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Fig.6. Hot forging process of blank for gear by horizontal hot transfer former.

24 FYAZREMOBREREBEICSITIDIENDATRE
L B

Fig6DFVRREMDMBEBSETIZTIL, tIHILED
BMIELBLLTDEDIC, Z73xY Moz —TEHRS
nNTHY, ZOLHERFOEARNFIRINDDTAY
W7 O—hWEHICED, BIORRNEICKEDTEDREIEER
T, TEREANDISHEFSIUREREHIBRICIEML
T, BORBBBLETIESHETOBBENELPT (),
TESHOEREZRDOHICIE, AZIT7O0-F=zEE

28

L, IEXRANORAPIEEMHOME B EREEED
BERFERENIT DI DICEREZTORENHD, £
T, Table 3DZFMHTCAEREMICKY, Fig.7ICRT LDICE
D& - RN EFELD2BEDEDA S 7O—%2K
o, MEDODEZLBL, TRAFZENT ORERGZR
Blle, sie, NZRT—NETIWDIZAT A2
A= 3 VBIURBHABRT AL T7O-HF1E2XRD,
BTRREHEBL I 1L—2 a3 VBEORIEZ{T DT,

Sanyo Technical Report Vol.3 (1996) No.1



BEETRAOTOEZ I 1L— 3 URifiOBA

Table 3. Condition of calculation(blank for gear)

Condition Type A Type B
Number of element 164 148
Number of node 203 185
Stroke velocity,/mm/sec 904 800

Element type

4-node isoparametric square element

Flow stress,/MPa 0=91.89¢"%!
Friction coefficient Coulomb friction x=0.2
Coefficient dependence on pressure 1/g=100, 500
Steps of calculation 30
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Fig.9. Influence of stroke ratio on forging load in hot forging of

blank for outer race of large bearing.
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Fig.8. Comparision between results of CAE analysis and those of plasticine experiment.
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Fig.10.  Distribution of stress and strain in hot forging of blank for outer race of large bearing.
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Fig.12. Influence of stroke ratio on forging load in hot forging of
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Fig.15.  Comparison between plasticine simulation and Finite Element analysis.
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Fig.16. Metal flow of real hot forged steel.
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Fig.19. Tool damage caused by pressure and material slipping on its surface.

Sanyo Technical Report Vol.3 (1996) No.1



1= 3 URi0ER

~

BssTiRAOTOEZ Y

"90B}UNS [00] 8Y} UO A}I00jaA Buiddijs [elieyew pue $s81)s 23BISOIPAY Jo uonnguisiq ‘g b4

G660

06 0

Lyl-
9L L1~
78 8-
88 ‘G-
76 2~
00°0
762
01X

08 "6~
v8 L~
88 ‘G-
26 ¢~
96 °1-
00°0
961

01X

G680

88 G-
Iy -
6 2
[y 1
000
Lyl

X

01%7

080

Bdil,/$5941S 91383S0UPAY

s/uw/A3100[8A 3ulddl|S

JELE
8038

Ge L~
88 G-
-
v6 C-
Ly'1-
00°0
Lyl
01X

88 G-
v 7~
¥6 2~
Ly'I-
000
vl

01 X

01 X2

G6°0

01 X2

060

01 X7

680

01 X2

08°0

edi,/sseJ1s 913e3S04pAH

s/uuw~A3100]0A ulddl|S

YECE]
90438

Sanyo Technical Report Vol.3 (1996) No.1

36



VEBBIUBIEHHABRTRREL/C. ZOHER, ThD
FRDB@RICENTE, BAISIURBNSEONIZAY
L7O—hIFE—HL, FELEMMIC—HTDHIENH
SHNIED, AT7OEZ 2L —23axid, BETH
METOEICKUBEANLDEEZHRT DME I 1
L—aré, BUMIBRICEEDDHDFEMERTZ 6B
T, ERMEZTEEZELTEY, OBESmMD X
ZI 70— (MEERN) OHE, OBEFTEDHTE, OL
BANDEROHEREICHITBHETOER I aL—2
IURIMELTHENTHD I EMHIBRLI

I
RRATTIE, RADMRARARE TR S NBIZME

RE# /0L [RIPLS-FORGE] ZERETIEERX
Lfco ELTHBZRLET,

;. TSRFa4Ial—

(a) RERBRRM

FEIZBEEMISECSNT, BYORLES %R
BIDEOICHEINYENG I 2L—23VFEE
T, #MIMELTRBAILDLEDR) VEERDE
I 5MmEt (12 - PLASTICINE) 72, TEMHELTH

B%Z, TECHHBOBEBRICE L TREBONDLZRI.

LT EIIRHN DD, CORERBRIRHIL, TAICLDR
EDTOLZMADRERELTEONIZEDT, ZDER
DEHIF, OTS2AT1 2 VDEREESBHNSBOEDEN
IRV, QEBFRMA M E TEROERFRKICITR
ELLY, Z&IZED,

TS274 0V ETEBORERBZ, RENLERRFR
HAEERZEZTHD) VIEBERICEWUKRDIHER,
Table A1DIRERERRA TISEEFHEI0.25~0312E L
EINfc, DB, —MICSSHORBMIICSTDEER
HELTHRESNTUVDETHDIEND, BEERMICE
THRYCDEERBRRHITTIZIZHETHDEHMISN
2o
(b) X&IT70O—D&:E

TS274 0 VRBOFIRZUTICRT . OBZERHE
TH—ICREELEE, OBEUBTER10mmiZED
BRICIHUMIL, @ZhZz#HEH TEaETR70%i2
ETHHERVEL TRIRLIE, OFRERRICMILT
HABETD, RAY MIRRIERICSNTEZRZEMHAIC
BERAIBINTE, BIUBRZ TH1T O THHZEDEIC

37

B TRAO ORI 1L—2 3 URITOER

&5k

1) FEIL=ER: BRZUNIZFSMEN MR, BRBEMERBHBET TR
k, (1995), p.65

2) {EER#CS @ XEk1), p.l

3) X8 X#kl), p.23

4) REIZSAR: [J7—Fvo7ohU—] (1994), [TXBE=]

5) R¥HRS: EE, 25 (1955), p64l

6) RSB, FERNFsA: #hE@, 53 (1967), p599

7) FREA—ES, B, MRERE : BABWFREXE, 45-396, (1979),
p.965

8) S..Oh, W.T.Wu, J.P.Tang and A,Vedhanayagam: Journal of Materials Processing
Technology, 27, (1991), p.25

9) RIBHE, PIBRE, SHIM @ BOEBUMTESHER

% (1995), p.253

$5R3L © HMODMTE, 44 (1992), p.1276

$5A3L © BWMOMRE, 45 (1993), p.70

K. Kondo, Y. Imamura, K. Yamauchi, I. Iwasaki, N. Itoh and Y. Yokoo: 27th ICFG

Plenary Meeting, (1994), Paper

AR

10)
1
12

=

\'I

ITBHIET, INOHFATRNEEICIE, MIZTOE
BRICERHIEINEREET D,

TS2T7q4 o vI3ABERBOYHAEIEEINTSY, &
ZIHEICHERTRSH DT, ABMICEBHMEZEET
KOBIRERASECHEIANABRH SIZIBELREBHMEL
THERT S, AXTIT 2 AZIL7O0-DREXRRISE, B
e ERah S mmi2EDERAEIY H L CTREICTEE
L, ShEREBEINTTNEZESESIELE, FIETEICH
UHELUTEREICHT D, SOIBBEDI1L—23 Y
E{TDICIE, BFROARZERL, ERADFMELEAS IV
JO—%R/ETED, Fig AUTFIELT, ANSATRD
HKBAEFNAEBRSICHULBOO-/NY—2%ERT,
BESITNETICZOFEEANT, BEMBEL, 2
BREE, $f, 8, BEEEREDAYILT7O—, AL
RMEDEFLEERL2DRABEETOCELERE& N DD, HF
FETLFIEU T DBV HERTEEZBAGHEDS
ET, LUEBEHDBIVEREZBDIENBFTE D,

LAL, ThoDEEIIHRKRE / DN\DEETDHDT
SFNEEEEBERTDIENEBELRD, BT, #%
SMELE O XDOMBRD=OHICIBIEICEAL, ZDEE
RSB TELEDT, FHRXTISIZDHEM%ZHBEED
IalL—I3vICEBRLIEEDTHD,

Sanyo Technical Report Vol.3 (1996) No.1



BEETEADOTOER I 1L—3 URIfiODER

Table A1.  Standard condition for hot steel forming simulation.

Model material Plasticine ( oil clay )
Tool material Plaster
Lubricant CaC03
Testing temperature 20°C

forged

Fig. A1. Plasticine striped model for die forging.
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