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Advanced Forming Analysis for Bar and Wire Rod with Finite Element Method
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Abstract

Finite Element Method (FEM) comes to be used widely to optimize forging process effectively. 2D-
FEM was used mainly around 10 years ago. But now, computer ability is rapidly developed, 3D-FEM
comes to be used rapidly. In this paper, it is introduced that 3D-FEM is applied to some three-dimen-
sional shape parts. And it is introduced that 2D-FEM is applied to multi-stage drawings for wire.
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LILILE

Stroke Stroke Stroke
20.5mm 21.2mm 22.1mm
3 752 UKL NEBOIHEIRT

Change of die filling in flanged head bolt

1.020

1015 gy

Change of da/db ‘

2 0.009 : : 3
S 1010 S EEEEEEE ERLEE 7 et S IR

3 : |
1005 -~ Change of swroke |

Standard{ 0.3mm :

' stroke : g

1.000 ' ' !

218 219 220 2214 222 223 224 225
Punch stroke (mm)
4 TEVSEDOHTE
Relation between punch stroke and da/db
HoH #OE W 386 (2007)

0.0

5 TI3LIURIVINEIEDS X — ERT
Damage factor distribution in flanged head bolt

22.1mmTIFAET S 1006 TdH 5 %%, {120.3mmA+ —/¥— A b H—
755 EASHELOISE R, BOTDLREH THEFSEITRE S
TALT B 2 LDV h D,

BIZAE, ERGmrdEL L) L EM B L5, WE
&) Bl EDME S N, SRR H SRR O E AN S <
b ElhD, TOBBIEDOA bu— ik Efrbhwvwe, G
WA ED W 7o FMOMTESKRE LAY, BSERILT S
Ll b, FREMERIBEL DL VDODPRA LA
b, (EOSIIRDPRIEE 22 2 D EZ 5N D,

RIFEEENTINCDONTTH 225, HEMEBIEOFHA & LTl
HY 782 7ICEASRTWS FR)RTREN L —Kt
Cockcroft-Latham D3\, & F\2 72

Df=~ {;fds (1)
D1 ¥ A=Al
o BRI RTINS
P EAyi)
dz LG0T ARG

K528 A= MEDGA R T o FM DBRIULAEFR60% % fHE L
7FRTH Y, EHIIEEOT R VEAIIRE TRS T
bo 7TV IERTIIXLETY A —VEinsE <, THUI EFETHEE
WOFDVHILEI DS 7T v VEPREL LI L EHIBLTRD
EEZHND, T2V AT O xFUER M UK AR R Bl
THA=VIREL > THY, I TORIGH FRFEMIBAT
T 6 % dr o 7215HDS, = RITEFEMIEITIC X o THOENS &9
KKhoTWh, B, K75 VR MRIRTHME, HEHRERS
A65% UL L g, ENECEIETE B L S,

4. EMRFAALH LEBGROKEE| N T8

SR IEAIANT R SRS FH A DHEAR 1T & b vy, ERERR S THE S
NCWISHY a4 2 MIT Y 8 — L — A5 O IEH Bt i i
BIETOREDRI SN D L) 1o TWwaY, T2 TR IR
§ &) RIS QIR AFO IR L T O #aEEI
THE Z AT 5o

IEPERARE O & LT, TRt TREN L KREMRDOA % H
Wize (1) D —MAL Cockeroft-Latham D3 TIIK ) oI A K+
IEHNDHETHLDIIL, QRORFROXTIE YIS o %I
LClldim, EEJim, MO ZFHE L TB Y, BHEIZRE
i COBMEISTTIRIEIT L TORBENS W EEZER ONL720TH
%o (2) ROl % FM O TR & 7% $MEE $C TR L 721011
(Index of Oyane’s Integral) % 1 82 % &, FM O TIRFIZEL



FEARA D SRR TR AT

Cross section B

Cross section A

6 EREMIK & BN RAERAL
Parts shape and cracking position

EINAEAET L LS NS,

I

a, C . WEEE

o, FEIET

PR :E1TY))

dz . HRL O A5

JEAES, AR Z I Z N ORTEIZIR % BV 72 Z K ICHE FRFEM
AT 2 AT 2 72 B D LOTI A # R 7 (7R o ZRICHS BRI C
I ML TO LOTZ01L T TH Y, FNFEOGHIEIX 2w
CHIlTE N, E—H LB NG D —7, —RICFEMIE
WrcozhnzB8IIRT D, EATEOMNEIETLOIZ 0.8 E T
KEL Lo TVBE I LD 5h, THUTIER 9 IIRT & 9 IZJERH
DI TIEL IO EL TR0 LEI LN,

B T & SRIDEL L T\ B 2 & THEMPIESATEMIE R
REE 22 ) EINFEESIH S NLDS, DITFVEET S L THEMI S

10
i
i
| 0.5
| 00

Equivalent to
cross section B

1+%{%)d;=c

25T

Equivalent to
cross section A

M7 ZRTFEMEER CDLO.ID T
I.O.I distribution obtained by 2D-FEM

8 Z=RETFEMEEMT TDLOIS T
1.0.I distribution obtained by 3D-FEM

Ciross section B

Cross section A

M9 AEZTOVIREEIRR(R2.5)
Shrinkage on the outside parts (R2.5)

I SEER L CHIBRID D ASE L, BSOS o72db D EeEZ S
N%o WIHEED/NE RIEDFH ARG 217 o 721, JMEKI T
OUIHHELDZENDH B, W7D km%ﬁﬁmM%ﬁquH

RO S e dro oo IO K X 2 RE A O IR e
MRENT 52D NTRAEICEEL L EEZ LN, Zf—tuﬁuuf
DEINIFEE TN =RICFEMIIT 217> THIO THRETH 5 L 5 2
%

R LRI TOLOIIR 1 ZATBHT, ML LWL
TEHDLLODOENEEIZEES LV LAV BTSNz, Ly
L, EETEENIRET LI E0s, ITRRIC L B HEMOWRE
ZALL waﬁﬁbtolm ZIREEHIR AT L 72 BR O Fht DR
iz R o DILFEEIC & ) WHIECES LI O H™300C LA 112
&5g&#$ﬂ§htoLﬂlﬂéﬁﬁﬁfﬁﬁﬁuiofuﬁﬁ
MEPEIRTE & 70 W IEMAME T4 5720, MTOFAEICE D %) FIEIE
JiEmEHFEST, ENICES7bDEEZLNS,

FINFEEOBIHIS R & LTiE, QKITRT L) 15 RGO
WA THY, N FIRKOREKE LT 5, B SN s
CEEEMG3 5, 2L 5RIENRESRIEZ bN D, LA
LR AR R S B MALAR 1o L > T3 2 RS oSt e A v Z &
bdHY, TITEIFAAT—F—RELEL, FBOOMTFHEATH
il L CHlRIE T 2 AR 3 2 k2 et L7ze BITICIEAEEC ok
MERTe ¥4 ATI—F—RENSLCTAHIEITED, BRI
ENTFM & A AL OEMBREAHINS 5 ZAUSL DT LS
A A OBEERIIAKRE L2, FI~OFMREIAHIH S b 2
Wl Dbe FAAT—F—RE25DHI0ICEHE L7-ED 1O 5
A% F12127R o LOI 0.8 50.6~ L%k L 720 FERIZF 1 2
O—F —REEHL72EANITHIEL 7285, SINFEEFRITSNER
TR L CTB Y, KA ROFGIEZERZL TV 5

K10 FHoEREETIFOZMEE S
Temperature distribution obtained by 3D-FEM with thermal analysis
E = IS

55386 7 (2007)



PRI Dt BE R T BE AR

T Material flow: T Material flow:
Large Small

R1.0

A4 XAD—F—RERBICL BV ITER
Reducing shrinkage by change R of outside die

R2.5

11

H12 %41 ZR1.0TDLOISTH
I.O.I distribution obtained by 3D-FEM (R1.0)

5. ZEBRHIRNDEH

AF—=NEFAXT—=F, PWSS, V—1T A X —7 ERFEHH 125
WCEEMHEIO == XHEE > TV DY, EmEMEC R 2138
MR OW, FAEFEOMBENIE TN L, ZOFTHIIER,
B TIMRFSNAZEDPIEE AL TH - 7285, BFEHIH
% EOT D 5 b FEMIFANT % 8 L 72305 et B L % > T &
720 MG D N2 3 2 FEMMHT I3 L C13Kemp & DFFHTY
D, % < DFEBOH 1), ORI L TR/ S 230
VEFEM % F W 72T 2 35 L C0b, Lo L hosa b
DFEM 7 U 7 F A% v, 2 L LM cdy, A
F—Ib ¥ A X a— &, 208 L IZUE B i S A T ORI SEd 13
LA, Z 2 CYHFEM I — K TOLBANRENTIZI ) #LA T
W5,

BBIZ L BT OF 2 J % 7”$ o T 247 o 721%,
LIGERD OF BoAi % RXATOREM OT AL LTHWS Z L
TEHBAENT AT o BH4IZAF— V¥ A ¥ a2 — NI2B1T 524B¢
RO EG % 7R AT IZPUHFEM 2 — K Td 2 MARC% H
W, I BRB B RRAT A 4T o 7o BRI 1 =0.078 LTV 5, [
141E24B2 12 72 2 AT DAL O3 B3 2 /R T o Ml 0
MO Ol FMETH L TEXTTLL TWb, E72E1513158H
TOUVTADHETH LD, K@DPHALHATBIZA - 72 Tl KOS
ALlpoTnb, T AGMILREILRMIAE, 51 APMICLo TR
% Bhs, ARFGITIMEEI 2 SEUO DT AGMIEL > Tw
%

16id, 15BHDOFEM LG, FMEEOWREREZRL TWb,
ML 1349300m/minTd 1), ZA{LEREUIAKE & L T10kW/m’K
ELTWD, FEEIIY A A L DEEHEIRITRET L2 2 L5 ED
REDRES LD I ED G5 B17IE158H TORESM % /RT
S, KET Y FEHTRENS > Twh, EiEfbe L b1z, M
OB HeS S REIE I T ETHEETH Y, FEMIFITIC X
won o8 #

o386 (2007)

Equivalent plastic strain

Using strain distribution
in steady state

2nd stage

1st stage

13  ZEARIREEN FiE

Analysis method for multi stage drawing

6.0

0 Center ‘

g
o

0.4 0.6
Distance from center / Radius

H14 ZEREREOVT A5
Equivalent plastic strain distribution in multi stage drawing

15

15BNV T AN
Strain distribution in 15th stage of drawing



FEARA D SRR TR AT

B L, SNAFH L2 ART Y 2 — Vi LS E S 7
BLEZTWE,

AT (I EFEM TAT » TWA 2 & 05, (R OBRAIE
NTFH~OBH BRI L TWb, 7z, REFNIESFENTCH 2
25, WHFEM 7B 77 A% HnTW3 2 &0 b ZRILFIT~O R
BH, B0 2 IO RS EA O S R L Twb,

400

111 T ———————————————— ---------- @ :Surface [-----
: O :Center

300

250

200

150

Temperature (°C)

100

50

Time (ms)

H16 15 B DEERE
Temperature history in 15th stage of drawing

w
=

7
8)
9)

=

0
| -

K17 152EDBESH

300

Temperature distribution in 15th stage of drawing
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