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Fig. 1.1 Schematic typical S-N curve
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(1) longitudinal cross sections of the flywheel
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(2) Rotating knob
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Fig. 1.2 Schematic sketch of flywheels and rotating knobs
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Fig. 1.3 Upsetting with lateral extrusion and the lack portion
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(1) Cross section of die

(2) Product

Cross sectio

Flow guide plate

Stepwise cavity

Fig. 1.4 Schematic illustration explaining cross section of die, stepwise cavity and product
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Displacement sensor
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Oil-hydraulic press Analyzing recorder

Fig. 2.2 Schematic sketch of the experimental apparatus and instrumentation
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Fig. 2.5 Punch load-stroke curves and workpiece configurations, in the forging processes
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H=10.4mm DG IZHE_RAER SN D7 e Db, BAIRES &1, BNV Ao
FEIENZ LB 7R MR AL & BRI R i O mfE O W 5 IR T 2K+ Th 0, BB
O FIHREICEEL 5 2 D,

[RIIN T35 % [REAEERE S & O BN T 3~ 2121, B dbAMEE I R TR 4y D
TN EPIAEE O [ BT IR G 2 I T C & 2 M T A E 2 3 w385 Rn s 5, 20
RIEEH DI L N FREO M2 FH &0 5 RIER ORI, BIPNEEE 2 B
FEZEM AT D Z LI K0 BN TR ORISR & BB O R0 2T 5
FERPENTHDH EEZDH, RET, BEEEMOENRIEERIC ED L 9 1T
THONEHLNIT D,

14



F£3F BHRITIEREZEMICKDMIREERDRF L

3. 1 FANE

AREE UL, s BRI T i U hn iz & 0 FARIR B 0> Sl & B A Ak %
FRIEIN T3 B BRI, AR RN DR 2 R ZE R E B VIO L 5 2 & &5
Bl %7, BRSBTS A Y 3 2 Be 7B 22 8] 2 5 | T RURE TR N L 9E8R
wAToTl, Thbb, W DD DBZEZEMRESIMF TRIEPINTRR 21TV, /ST
S X ORI G RE 2 fH B i U C, B OIRIRE G 2h e BE e 22 IRk i Sk %
B 5T L,

3. 2 EEREE

AHFFSE T R 72 2R [ OMEIE [X] Js K OVEBRIEE NN & Fig. 3.1 ([OR7, B2 E
Tt L7-25E (Fig. 2.1) E[AER, £ - FTLEZADLEREER (a,b) THR SN, C
AR E (e, d) T—IKMET 2METH D, MITHH LEZERI Om S HI1E 10.4mm, 5%
RIZ 15mm TV, BANHER CEER) 12X, BENEZRSOREGREZ ) LS
W OMRELFFOBRAZERM (e, ) ZBRT HHBIBRO 70— A4 F7L—F (%
Rb, JES Hb) #RET DL LN TED, ok, ZOBEZEMIL, RKEESBIZHKT
ABRIEICH Y T 5,

INTH#EM Tl 2 MIFEHEM 2 BIN ISR, U T (g) ZRRE LIET L A& N
TR LFEBR AT > 72,

FKERIZH W=7 L 2Bk s K OVAIESR L, 5 2 T Fig. 2.2 B KOG & FEETH
Do
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! m—
A
{ Punch stroke
a,b : Split dies =
c,d : Clamp g
e,f : Stepwise cavity =
g :Punch
v
Work-piece

¢ 16 mm

Product

Fig. 3.1 Experimental apparatus of upsetting with lateral extrusion

3. 3 MIE#

FEERIZ W FEML, TIRTEMAM T LI =0 4 JIS ik A1050 (HV=21) %W
2o [RIZEM DALZERRGY I L OBESIZRAFIE, RO 2. 3 LR L TH D,

3. 4 FEBREHBIUERERAE

BAEEBRLM & LIRINE O ~THEE, Fig. 3.2 8 KO Table 3.1 12~ d, BIPNHERD B
MRS Z R T D7 a—HA FF L — FDOE X Hb 2 Hb=3mm |Z[EHE LT, [
L— b O£ Rb Z Rb=10.3 mm(0.667), 10.9 mm(0.586), 11.5 mm (0.5), 13.2mm(0.257)
BLO15mm(0: BEAEZEMEEL &%) s EICE LS, 22T, (O NOHIHE
IR Ly OB ME S 7 mm (Sxbd 5 B2 22 B O 2R 7 MiE Rw OIS %2R
T, 22T, 7ua—H"A R7L— F¥E Rb=15mm OFKMFIE, FH2ETERLE
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H=74mm O LU THD, &6, KO- OR UL E2ETER L=
H=10.4mm O&MH%E2 7o —FHA R — FEL (Hb=0 mm) OFMAE LTz,

F7m, BN D Be =22 O &M FHRER & LT, Fig. 3.2 (295 FHE LE Rk
T S BRI TS Sc (Fig. 3.2 1238\ T, Sc=nR’) & E¥3522 B 1 #RE RS Sb (Fig. 3.2 12350
T, Sb=n(R’ -Rb)) & DIt% & 7= E,=Sc/Sb Dffi % Table 3.1 (7T, 725, Sc/Sb
LB ZEZERI O L E 70 D,

M TG T TH Y, £ TOMREIMTERZRE (8 25°C) TiFo7-, LA
[ OTEWE 21T 9 12D DOBANL, 3T 7 4 VRGN (ISO VG 1000) % ji
MLz, MEZLVRIZL DR FRHERR, £ 46mm/s & Lz, 728, FEBRFMTIC
B DA N FMEEE I LGS ORIPIREZ MBI T 5720, TEEHR
1o 7 BTN TEBRO R R N FHENK 105kN I[ZR D E TR FEBET S
, WM T 21772, BANHTEIARNSRGEX, N FRIEDK 125kN (2725
FCMLEREZT- T,
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Fig. 3.2 Schematic illustration explaining Die size and cross sectional area of the die cavity,

Sc, and cross sectional area of the stepwise cavity, Sb, in a die base

Table 3.1 Dimensions of each elements, Rb, Rw, Hb, Rb, and ratios of extrusions, Sc/Sb
Radiuses -
Rb /mm Elat 10.3 10.9 11.5 13.2 15.0
Widths of
stepwise cavity - 4.7 4.1 3.5 1.8 0
Rw /mm
Depths
Hb /mm 0 3.0 3.0 3.0 3.0 3.0
Ratios of
extrusion - 1.89 2.12 2.43 443 -
E,=Sc/Sb
Sketch models 6 a 6
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3. 5 FEEBHER (INUFHRIE—/\VFX O—Y @R EBERETEK)

SO T u—HA N7 — MK DHEMEZEZEM 2R E L2k L OB EZEH
%%Hﬁw@%%wT%%MK%H%MWﬁﬁW O b, AT & ONE R B E A
Fig. 3.3 |29, o, AHE%E #T%%mt@ﬁﬁmL%LMIﬁ&@n/%ﬁE—
NRUF A hu—7 fli#k%E Fig. 3.4 (279, Fig. 3.4 FORORXKIL, AN TIZ6E A
L7 OWNEIIR 2T, SN TFE—NTF A b u—7 i, FEMBMAF I
SNDIBFRITIT /3 T ED 7272 6 /IR &, FE ORI UE 50
DA BE | Z B 33 U 7= #R ISR 2B R~ TR T~ 2 8RR (T I8 1T D /X o T faf L 0D B 25 70 18 0
BERLTWND

Hg33®&%%5§@%b@5i9 , FHEEZEMER T DO 7 —HA R
TL— N ERRE LR T, B W%uiﬁw BN AN~ D F R O FEIE
WEERM ELTWD, £/, sl MEmRTIIZBEEZMIC L 28RN TE T
5o —J7, BFEZEM ATV (Hb=0 mm) % HW =Bl LER T, KW%%
Feo -l ih & 7> T D, Fig. 3.4 H bbb X H1z, BZEMA~FKET HiBFRIC
BN TFEO/NTF A — ST HEMENE X, BMANEEE ISR T 7o B A2 W
DOWEDREEZ T 5, BeZEZEMEZH T2 (Hb=0 mm) TlE, N> F A hr—7 N0
26mm {1 TR FRFEO R LEMA RN TEH Y, BMHRASAZERE S 2> T
%o /N T A T5KN 725 125kN & THEII S T H R A~O FRIEITHE L 2o 7o,
—J, BB EZEM AR T ML, MEOSBRMINTIIA L TR b HZERE
2705 Z 72 < ILNET LT,

R fh ORI & F S U RS D Sh % BRI & 5 B R R E T O IE KM % Fig.
512, BB OIMEMAEIZERIT D% % Fig. 3.6 (IR T, IMx EAETIE, EM 0T
HURREDN B AR 2T A Z L lc kvl Sh, Fo, RERENEEZEMOEIZ S
KELTEDDZ k@b@é*ﬁi%%?ﬁ%f&@&%?ﬁ%m?ﬁ“ 4 (Hb=0
mm) | k-?iiﬁ@if%ﬁlﬁi‘ﬁﬁnm&)%ﬂé S, BeEzEM a4 (Hb=3 mm) 1%, Ei=
ZEE DB D330 B FEM BT RITTE L TV,

&% WH%@%%wt%ﬁ%ﬁﬁ@ﬁﬁﬁb%LMIL& %MT HUBE I | 22

B U7 BMIE, BBz C EAM & e~ & BT 2 FIc kR EN T 5 2
LI %,

Fbr & THEMOMERET 0 23/ S & FEM/ TR TR ICERRARE 2D
PAZERAE & 72 B3, FEMOWMMIERNDBHERF S D &, PHZEREICKS 2 & 7e < EAE
SOEPERNDPHER SN REMEE SN D Z L1ITR D,
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Rb=10.3mm
T Hb= 3 mm

Rb=10.9mm
Hb= 3 mm

| Lower corner

——— e e e o e o e e e o e e e e e e e e o o e = ]

Fig. 3.6 Mutual comparisons of the upper corner and lower corner profiles of the products

3. 6 EREZEMFZEFMLEBIRGEEROER

FRIEIN TR A AT > e A R BIT 2 FAHOFRIEES 2 E miICFHET 2729,
BN RN DR OFHERERD 72, BEZEM ORE SR & EAE~DFEMF
HIRRE DB % Fig. 3.7 1T T, MEMOFRER n 1L, AL FEICEE LT
E L7 3.5 mm OIEHFEZERMENICB W T, BEINEZFEZMOSGERE A BN ED
HEE, (n=A/LATZEMEO2ER (3.5mmX3.5mm)) OEHGERRTRLT,
Rl X B 7222 M A2 5% T D 7= DICHEEICKE T A IR 7 a— 4 R L — R
& (Fig. 3.2 ® Rb) B L OBZZER O (Fig. 3.2 @ Rw) &7, R HHANO
JEIZ Rw=1.8 mm (Rb=13.2 mm, Hb=3 mm) DEF=ZEM %R T 7=HA10, BZEM~
DEMFEENKOBA L0, FBERB=98WITET D Z RN b D, #iE Rw=1.5~
3mm FEEDOHIPH T n= 97% L LOEFRERPHER SND Z BN 5, S BIZIHEE
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Rw % 4mm F THLT TH, FEE = 95%REDOKRIERNHFLNDL Z NN D, 78
B, FIKHIZ Rb=0 (Rw=15mm, H=10.4mm) & Rb=15mm (Rw=0mm, H=7.4mm) O 7
BECR TR AT — B g, BZERE S H 2N 104mm 205 7.4mm ~ &S 725 2
ETCHREENM LT 250, BEEMEHRE LIZGAOFN LY O RERLELND
ZEBbnD,

100

95

~ \O
N (e

Filling rate n / %
o0
o

-
(-

N
()]

N
a—

0 10 11 12 13 14 15
Rb /mm (Hb=3mm)

Rb=10.3 | Rb=10.9 | Rb=11.5 | Rb=13.2 | Rb=15
Hb=3 Hb=3 Hb=3 Hb=3 Hb=3

Extrusion ratio - 1.89 2.12 2.43 4.43 -
Filling rate /% 91.65 97.05 98.41 99.13 99.47 98.56

Die /mm Hb=0

Fig. 3.7 Filling rate of a workpiece to the die cavity is evaluated at the projected 3.5mm

square plane of the upper peripheral edge of the die
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RIHEBE T OB NT, ZOMEL x,, MEEL y, & L7ua—0A4 K7
L— P Rb & ORfRE /R L7 % Fig. 3.8 1239, 7u—HA R7L— X RDb
2310.5mm T Xy, yo IF I mm 2T D, Rb & 132mm £ CTRE <95 & xy, yulE 0.5mm
BEF CT/hIL<RD, RO ZRKELTHITLE X, yu & BIT/NEIL 50, BB/
DIRFEMESOMELZZ X HE, Rb Z N EREL T 52 L34 E LSRRV, ek,
Rb=0mm (H=10.4mm) ® & X &, Rb=15mm (H=7.4mm) D & & & % — SRR To72
WTFER LTS, BZE/MOES H 2N 10.4mm 75 74mm ~E< 725 28 T X Ya
EHNSLK DN, BEEREZRBELTEHGEOHNED x4, ya/NSL< DT END
M5,

Xy, Yo & O & OBAMRE Fig. 3.9 17T Xy, yu & FRHEE n O BRIZEMER T
1370 <, EFREEOEE CHBRERIC > TWA, 2 ORERD BRRIE x, D5 HHEE
Vo LD b REWZ ENRDND, £z, REE W OLATOMEEY 2 HE L, ZORERE
% Fig. 3.10 12”3, FRER 1=96%I2#ET 5 L, EATZELRm TRRLIZGED C
1 OHEIY ITHY T HEIC/D 2 ERbD, FREFE n=98% DA% C0.7 F2E D
BT 2, 728, EEOATIIRIL, FM 0BRSS Lz A mhmlc7
STWDT28, BIATNDE Ot CA D & S ST AT/ <70 d, TP =
98% TORAERH S OREEEIZ T2 037mm TH Y, WHL Y (T Y w25 & C0.5 B2
(272 %,

FSCH o JES 3508 0D 28 i & BEAZZ2 IR & DRI T & 7o R FRIEE P O i & K B0
T, TOMEEE x., ftiEZ yp &L, 7a—H A R7L— PR Rb L OB TR
X% Fig. 3.11 {2789, Rb KX < R DITHEV x, yL & BIT/HS L R B HAIZH 5 73,
ZAVTBZEZEROEHED NS R D 2 6 E L TWD EEX D,

D ORFBHEEFTIEL, FMOBRRBVCENE T TEABMmETHY, mHiL
DI E LTHRIAT 5 Z & TRBER/NNRED T R)LF T T X2 HELD 22 BT SR A3
Bons,

S ONFART FRH LREIN T 2T, M ~03E » H LT L CEEZEEOIE O
FNE1X 0.667 WEE T o 7225, FHEFRM &2 v 7z 3 IRot O fili BRI #H U
INTAZ 72 % & e b BT IRIE B REITE I D 51T, R0 B UERIT RT3 2 Be 2222 oD 1%
J7 1E1#NE Rw OFEIADY 0.257 & i,c %,

s Sek B AR 5 PR L BBE N T o BN R T B BEEZE M o TR & L C, Fig.
3. 2-(ANZ R IHIG R H U PRI SR i F S & B 2= 2SR D08 Sb okt (72
HEZEZER O L) E =Sc/Sb IZEB T2 &, kb BGRBOIIRERGREN G &
NI-EEZEM oM Lk, [R=15mm B L Rb=132mm £ V) E =Sc/Sb=4.43 &
b, Tk, DR F‘ﬁ@i@m LI E,=Sc/Sb OfEIE, Fig. 3.12-(B)l ;/Tﬁ“:l:ﬁ()\ﬁ“
IR URE I T PIic kB, W%Eéz}fﬁ”ﬁ,ﬁ%@ EE G- MR T - B
ZEMOFRH LD (Sc/Sb=4.5) LI1FEA LR UETH -7,

PLEIZEY, &b BRBIBIRIEGREEZGD 2 &0 TE 5 B EZEMBRESRMIE,
HLIZE S TED B, ZOEMN Sc/Sb=4.5 L THDH Z L broT-,
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/ [

Rb /mm

Fig. 3.8 Space, Xy, yu, and Rb relations

0.0 | | |

60 70 80 90 100
Filling rate n /%

Fig. 3.9 Space, Xy, yu, and filling rate, 1, relations
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wn

2.0

C /mm

1.5

1.0

Corner cut

0.5

0.0

5.0

4.0

2.0

X1

1.0

0.0

" Corner cut C evaluated form unfilled area }
L 1 =Filled aria / corner aria 3.52 X 100 4
60 65 70 75 80 85 90 95 100
Filling raten /%
Fig. 3.10 Corner cut, C, with regard to filling rate ,n
I I I
- . N
1 XL
8 10 12 14
Rb /mm
Fig. 3.11 Space, X1, y1, and Rb relations
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(A) 3D forging

=

Area Sc

|
Die cavity

Area Sb

<

(B) Plane strain die forging

~..

Area SC

Area Sb

Fig. 3.12 Schematic illustration explaining cross sectional area of the die cavity, Sc, and

cross sectional area of the stepwise cavity, Sb, in a die base

3. 7 F&&H

AREE T, BRI PR T USBE I TSN T, R S SMEER O R TR i: 5 hE
ZELMESELZ ENTE 2RNEIEROBRAZZEM (BRIRE) ORESMT L E5R
VIal—Ta Al VHBEMNT LT,

BEE2e ] 2 3R A WL A T BRI E T, 0 @R A& (SR PN R o0 S AL 208
PAZEMREE L 72 0 /X FfEE %A 125kN £ THI M S CTH@EMERIVEEIE L-E F &7
Do

—J5, PUNERE G ) 2 B E 2z ] (BRI WA 0SS, BRI O
& Rw=1.5~4mm, IR S Hb=3mm DOFIREEAZEM]) 23 728 X 2 OB CI,
PN FFEDY 105KN THRIANOFIENTE A LR TT 5, i b BIF R RER G RE) S
SANT, BINERIE I OB ICHER Rw=1.8mm (R=15mm, Rb=13.2mm), &%
Hb=3mm DOBEREZEZEM 2R T 12858 Th o7z, EMAIHOREXK TR D &, BN
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AR DRI AL E TOHREX 0.37mm & 720, C0.5 DEELY (TS T 57~ FiE
WEENELND, £, BELONE FAEIL, BEEZBOIIZNND LT, FMR
SERICFH LTV,

& BRI IREREREDN S B N5 (Rw=1.8mm, Rb=13.2) (2T, B7EZE
[ D B LR = 2 A5 HF S USRS SRR T BT T A Sc & BeZEZ2 R RRWT IR FE Sc D I,
T b B L Sc/Sb TIEFL 9% &, Sc/Sb=4.43 L7225, ZOfEIE, FmEO7T A4l
I USBE I T2 B W Tl b BAF R BRI IRER T 88 2 15 72 e I 7R T 7o B 2222 ] oD
PR UEEDOFE (Sc/Sb=4.5) LIFEAERULTHD Z ERNbroTz,
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FAE BEBEOARIILI7O0—¢EFESEOREBOTH

4. 1 FANE

AETIE, AMIECEONIZEREROF D, BINEEmICEEZER 2% Tb
B2 R ER B RE & 157 4 (TEERw=1.8mm, Rb=13.2mm, B7=ZZfE~DHHH L
LESc/Sb=4.43) &, BUAREREHEICS D Be 2272 ] D NS DO IFITHW T, FEhr
Rz b= a KD S AT o 7o, KBTI, N LBARAIE D b K TALE F
TORIT/RUF A ba—7 % 5 BFEICE X - (FREFRFER) 217V, RIEOE
ITICPE S T2 BMAMETIR OB 2R IE L, BFREOIREL MR L=, £, M
NI DT 24T 9 T2 0B I 2 L —32 3 Tk Y, BIEMNERO9 504 & 5 H
L7c, 2O, SR THRIERIZMIZIRDERY X 2 L—> g U THIEBUEWIBIRIC—
42K IHESKMEE AL, HEOEEMEZ M E S & i L7,

4. 2 BREMBREICETDHEREZER ESNERIROE R

B b B e B IRER B RE & 45 7o Be 72 28 8] A R NP IS I LSRR U 72 Sefbds L VB 2222 )
DEENFREOBITITHONT, M LEEIN TIRRICRBIT 23 FRE— /ST R
e —27 Wi# & Fig. 4. 1WRT, Fz, FERIZ N FOBENIE 5 FEFOIKRZ{L % Fig.
420128 F, P OEFEMINEEEIZNT LA H 5 WX = AHIOFE 1L, Fig 41400
IRUFRE =N F A bu—7 fhifg EOR—H « [Fl—F 5 ORISR 2 B FMTIR
THDHZEEEWRTD, &I, BEMTORBICtE-7- (T2 BFig 4.2 L RIS
Fig. 4. 1125 TRI /30 F A ha— I LEICKIT D) FEM M ORIRE( ZFig. 4312
AT, R, SRREETOMTERE], RUFA b a—7BLON U FHED
EHEZRLTH D,
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/kN

Load P

150

100

-G Forging process positions at which the outer-profiles
A\~ | of the workpieces were observed.

~ Die configurations ‘

(A) B

Die| | @ 16mm Die j

: “ R
<—»¢3‘?mm 10.4mm | T
| —) < f}HbL 1

o &

Hb=‘0mm
Hb= 3 mm

OYS)A 5 10 15 20

Punch stroke S /mm

Fig. 4.1 Punch load-stroke curves
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(A) Die: Hb=3mm, Rb=13.2mm

(Ref to Fig. 2.5)

(B) Die: Hb=0mm
(Ref. to Fig. 2. 5)

T T~ T =
i ——3mm |
| O |
I 7 I
! !
! ;
! ® !
! & |

3 )/*%
| |

Position | 1me | Punchstroke | Load Position | Time | Punchstroke | Load
® 0 0 0 A 0 0 0
©) 1.1 5 30 A 03 2.5 20
) 1.9 8.8 37 A 0.75 47 25
® 2.15 10 39 A 1.8 9.6 35
® 3.8 17 67 A 4.6 23 61
® 5.2 23 105 A 56 26 125

Fig. 4.3 Sequential movements of outer peripheral lines of the workpieces, time, punch

stroke and load, measured by the experiments, in the forming processes

T T B 2222 2 3R T T2 R D56
D X DT, Fig 4.1 O/RUF A hr— 7mﬂm@4wg5 IRENY D BebE
LB =22 W & ARz
M OBBYETEENE, FA D3RR Z B2 BRI D 03,
POIVTHRET 5 Z Enbnnd,
) ETHWMMERNNRAEST D Z & T, B OIS

T2 R &AL

X & A ETRIRFIZERIT

TIE, Figs. 4.2-(A)43-(AITRTIERR S

THEM

MRS 5, F£T2, BEZER~DH

SHAZELIZK WS 6N TS, Lo T, ML
DMEtE U, BrrEZEE & O D Sb gk BT~ DN A MERF ST e FEE B T

éo

FMITBERICEZE L T D
Thhbb, BEZER AW E
L, ZTOWMNNIEESLZ L7
BT b HEM OB

F7-, BEEZeCEM N TS B T, ErsEZER O NEER & EM ORICES DT
Eo S e

M7R7ERR (Fig. 4.3-(ANI/RT®) NEBEMRN O 2B EIREZ [ <&
\Z KB WR AT 72 B 22 BRI TR

ZbND, DGy

DRI AL, A
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I bt/ & 72 %, R X AR R O FE A if & PR E R I 2 S i
HY, FRZBMTIZED N IV TIEIAREEER D,

—J7, BERmIZBEZEZEM 2T RV OBE TIE, Figs. 4.2-(B)E L UM4.3-B)IIRT
SIETEAR D> B 5372 X 512, Fig 410D /3 0 FRITEN IS ERH-9 DA0E ToMEA B
NRARAED £ £ /M OWBIEHENNMEIE L, RNUFMEE “f~—7 5 OMEIZRT
125kN & THIN S CH RO BT EE 2o 7z, ZHUE, Fh e TR M%)
TR NS L, RSB RN E < R A T OAZEKREBIZ 7o 2 2R L T D,
D U7 BEEZE M oA M L MR OBk A I L 72X % Fig. 4.4 1279, X
D Type A%, BEZEZERZRITRWEETH S, FEME TEMOMEST <0 23/hE0
ERRU I BRI R N K & < Ze 0, BAMEIRIU IR BV TORFIEI - R AET DRI %
KL TWD, —77, Type B %, MEHEICHREIKRO 7 n—H A F7L— MERET D
ZE TR VU— MNEICBEZEZERDNR T b T D, BeZEZERIC X0 I Tz B W
T, FMEIRFTORHITRT E T HHOBERBINEZITEZD 55, XD,
FDRNCRT L HICEMOFTNNIEE D Z LR BINHORENERIND, i,
JRIZERIE S D A i & Be =22 MO RIE, S O L T T 7= A HihmER
7R, DT MNCREHEZEMDRAET D, 220, ML THLL 8RR E LT
DEREIZE BN D I W 31272 5 EB 2 b, TRRICHK O Wiy & L TEMOR
RIRTAIUCE DR FEOTHEAT LN TE S, 2F 0, BIREE DR LW
SOBSREME DS EEAL S D ORI IRER B RE A M L S 570, BERIICHRAESIET
HHBHE TH D, £io, BNHAENTH L=, T ZITHAE LT D 7R2EM 230 L
HHINZHAET DN FRIEN SIS EEE THEINT 5 2 &2 s, B0/
WA T 2 &EE 2 R T LWz D,

Fig. 4.4 Schematic illustration of the die filling condition of material in a die cavity

34



Ubobiy, @A Z AT 2MEEZ A0S, N FREORH &
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PO LIWi 5 5 4 Fig. 4.5 1077, BAEEMZHITHZ LT, BIBMERIC
1%, BATENPEESND, U, KiEmE 7 74584 — L& LTHERT 55T
Ao i & T L2 WA T &2 BRI E L7zl O E A ICHIG S 5
ZENTED, MR, 7 LTHEMATLELAIE, A—F A b CUEREEZZIAILE
VR R EOERYAITHEE LTHRIGSED ZENTE S, o, M (A) & (B)
ORI S SN R 501, BB (A) ICFRGEE ICEAmDBRE IS 2 &
k5,

R E R 2 W LSS I B\ T, B AR ZEZERBIN OV & J5TH~
2 mm YEPEFEE) L 72 IREE DN T5 K 55 & AMEE E % Fig. 4.6 (ZT, BEZEZER]~D
PR Uk Sc/Sb=4.43 (8 Rw=1.8mm) TEZEZER 2372156, BMBEZEZEMN
~2 mm EPERE) L7 RBECOMa B AL E Y CLOIZAHYS T 2 BifFeik L 7> T
WV BRZEZE R OTE S A Hb=3 mm L ¥ V> Hb=2 mm D4 T b B ORI B REN %
LM ETHZ EDRPND,

35



(A)Die:Hb=3mm,Rb=13.2mm (B)Die: Hb=0mm
(Ref. to Fig. 2.5) —t 10mm

Top views

Side views

Bottom views

Longitudinal cross sections

Fig. 4.5 Outer views of the products
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(A) Top view (B) Bottom view

Fig. 4.6 Outer views of the product

(Extruded 2mm to the stepwise cavity)
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Experimental simulation

Experimental simulation

Outer profile
(0.P.)

t4
exp.

: Computer simulation
FEM soft: DEFORM

Flow curve

True stress — True strain

Friction coefficient U |‘
T :

Punch stroke

Stroke change

Outer profile
(0.P.)

com.

(O.P.),-(OP) .

Yes

| l | ]I .IIIII
A i L
| l == =4

{/ / n\\\\‘_:\.‘?\

| [

Effective strain

Metal flow

Fig. 4.7 Flow chart explaining the calculation procedure to determine the effective strain

distribution and metal flow in the product

39



4. 4. 2 BITIZET3HEEY

FEATICIE, RIPNERES IC B 22 M 2 5% 1 72556 (Hb=3mm,Rb=13.2mm) I J OB
22 OGS (Hb=0mm) OB ITIZHOWT, FIEMIBIR ENEOEE Y ML &
OFH S OF B & 58 Uz, BHR SRS, BRI R n=0.12, /X F A E'— R 30mm/s
B L O Fig. 4.8 [T THNTZHER (JIS A1050) DEFRIGLT — & 2 H\\ iz, BEHPT
F— L, $INTA &R UHEM CTEZERE 10mm, &S 10mm O AR OER
Z AW CHENEREREBR 21T, O EIS)— BT AT — 2 2 e,

160

A1050
Temp. 25°C

140

120
100
80
60

True stress o /MPa

40
20

0 0.2 0.4 0.6 0.8 1

True strain ¢

Fig. 4.8 Flow curve measured by experiment (A1050)
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(A)Die: Hb=3mm,Rb=13.2mm

Strain - Effective

3.00 I
2,00
[ |
r ﬂ r 3

1.00

A ’ I
0.000

(B)Die: Hb=0mm (Flat plane)

9. W, W,
\ i\

Fig. 4.9 Continuous changes of the outer-profiles by computer simulation

(A)Die: Hb=3mm,Rb=13.2mm
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(B) Die: Hb=0mm (Flat plane)
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Fig. 4.10 Continuous changes of the velocity fields by computer simulation
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9V DERMNTAREL 70D, EBRY I 2l — g EEEBEY I 2 L—Y g VAR S
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(A)Die: Hb=3mm,Rb=13.2mm
Strain - Effective

3.00

2.00

1.00

0.00C I

PPunch speed :30mm/s
Cefficient of friction : £ =0.12

Fig. 4.11 Results of Effective strain distributions calculated by Finite element method
(Hb=3mm, Rb=13.2mm and Hb=0mm)
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Die:Hb=3mm, Rb=15mm

Stran - Effective

3.0
2.00
1.00
i 15 ™ 0.000 I
1.0 A
1.5

e——

$Punch speed :30mm/s
Cefficient of friction : £ =0.12

Fig. 4.12 Result of Effective strain distributions calculated by Finite element method
(Hb=3mm, Rb=15mm)
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5. 1 FANE

AR T, 7 M FA 7 #7 ) USBaE N TAZ DWW TRENTR 247 > TE 7228, A
ECTIERMIEORHE LT, 77454 — VO TICEH LIzSa1c o0 il
D,

7 T A RA =L, B ORIERE AR EOERN D B HIRE S T RN IR EE
THIEMET D, $hbb, 7I7A4 KA —MIAS SV BRHES MV o 2B 2SR
BREDTINXEZEz2TEBE, HIT MV I BAT MY BB ZHBIZE W TRESD
THRAFXEM O LD HCOZRAXZHH LT, QREEEAECEEIRS L O 4
HFHZ L, WAZIAXOVHEERFFTHEREZT)> bOTH DL Y, £z, 1
fz /) 7 HREFRICEFRDOE O NI 2RO TEY —HO7 74 KA —NLThdEWVZD
72, RO T 2#EHT 52 N TE 5D,

7 T ABA = NIERIZIE, WL ORI B D03, AR TITAITHH LiaEin T
IZE 0 1 TR THIE TE o/MED/NEEER I AR A7 Z A I8 A — VA dn O BALERE
E RN TR G Ol 21T > 72y ZOHT, 774 KA —/LORIE IR LT
—HE ORI & BN THAREG O A R RGO FIRZ R L, P oa Bl
EXy b= A TIMIMERTFHEFCRATELZE2HLMNI L, fHREL
TR ZAF 7 5 A IR A — L ORI Fig. 5.1 (2R T,

Motor, etc.

Axle

Flywheel

Fig. 5.1 Schematic sketch of the longitudinal cross section of a flywheel
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5. 2 AAEELEENTIZEST7SARA—ILEREMT

RAF T T A BRA — V% BIE T 20105 # ) Uil T2 % Fig. 5.2(A0ZRT,
F 7=, ADFRRH LS TSk 2 F4 LEM % Figs2 (B) (23, KFo 1)
I, RPN A3 2@ E OB 2 W25 E OB G 2 R T, JiiE £ TIZl® A~
BV, ZoOE, SIBEEEHICEMERAIIAZERE L 20, BOBMTRIZRN
ERZEMI~DOFM R FHIC L D RHEEFTNE D, —F, MF 2)I3EZE L RE LA
NI MR C B B M 2 3 T T2 A K o B E R~ T, ZO%E, I MIER O
NJE N EE A DR S D0, I ERE I OBMERNASHER S NS Z &I LD,
ORI ERENZ L B L2 5, £, BB REEICB T2 FREOR
FHIHTE 5,

Z ORI X BRI STEIR DR T o 2 NERTIZ AT D EA I, 7T A KA
— VOBRBALICHIHT& 5, EinBEZEM O E LM 2 AR IRIR S e _E Iz i b9
HZ LRy, RoMEERIC T 28RN 2 FM TR ARG O Y <1k
\CEET D ECTHEFF T2 2603 CTE 5, 2k, TRBHIREE L 22 2R IN T
MFETTHZ LD, NUFREOESRIEMAMIEIN D,

A I o (B)

4+ 1) Plane cavity

A 4

Workpiece
L=40mm and Ho=10.4mm
in the experiments

@16 mm

Fig. 5.2 Experimental apparatus of upsetting with lateral extrusion to form the flywheel
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5. 3 7344 —ILEBRFRETEBZTOHMETEIL

5. 3. 1 HGFHEEHRITAOMERELFIE

ZMFW’C“?‘TO737’7/(‘J‘/f*—/1/09%%35%1‘&552%73[11%?&@&@%mﬁﬁj_ﬂ: ZD
W, %OWE%%HE%: Fig.5.3 D7 v —F ¥ — MIRT, HEFIRICEIT DIFEENAIL
WIALLE CREAIIZIR N D,

Procedure O

Determination of the necessary value of moment of inertia achieving constant
torque in the rotational machine, and selection of the flywheel material

Procedure @ ¢
Specification table explaining the dimensions and necessary value of moment of
inertia of the flywheel

Procedure (3) *
Optimum design of the light weight flywheel with the necessary value of moment
of inertia

Procedure @ ¢

Experimental forming simulation corresponding to the above machine design
(Measurement of the outer profiles of the product and calculation of depth of the
flywheel achieving the necessary value of moment of inertia)

Procedure ® ¢

Integrated optimum die design with considering the results of procedures @ and @

Procedure ® ¢

Determination of the details of the product dimensions and die configuration

Fig.5.3 Flow chart explaining the procedures involved in the integrated optimum design

of the die and product

a) FIBEO—EBHEE—A> FDOERE

Fig. 5.3 IR T 70 —F ¥ — FOFIEDT, 7T A HA —/LOEETH D [AlHinEK
D MNY EBE BT DD OFTEEEE— A NERET D, 774 KA —Mix
B D B DB % & 5 [RE S-SR FFT 2 EHZ R D, ZOiRE |, jt
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T v WEET 59T, ) vy E—EBILRO%E, ANV R v &
EEAUE, 7T A RA — DRl AEE T IMERNZ 72D, AT VT BT vy
Z FERUE, B E R R D, 20X ) ZREEsfEE O KMEZE o),
B/MEZE 0, ETHUE, 7T A4 KA — VORI LXLEENEE LIEHEE—AL R ED
Bfrix, XSG DoEEY b,

1
AE:EW@f—wf) (5.1)
Xy, EEE—ACRLE, XGC2DEBY LD,
| = AE
a)oz S (5.2)

ZTOLE, §IF, VPHHEIIHTIHELHETH Y HELEEL LIS, 61T
XGEI)DEEBY D, 0B, wold (01t wy) 2THDH,

w, —
o=—"—+ (5.3)

W,

B2 0E, TAER o — B TR O SA 1L, 0 28 1/30~1/40 TH VD, BEFEEIERE
OEEIE, 1/100~1/120 TH 5,

Fig. 54D X 5 W EEM MO R HBEHAMRAFEr D & ZATHEE L TWAHIEEIS,
7 IARA —LOEE— A2 N E2EETDIRE, REHTRT O,

ra2 ﬂb 3 2
| = jr dﬁ]—-! 97/ dr-7vjr dv (5.4)
b
q A
Y m
5 IMINNY
Y Y

Fig. 5.4 Schematic illustration of moment of inertia of a disc
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ZIT, L, LIEENTENT TABRA —)LOEERYEE, SMVEMNEE, riddhhon s
O£, dm, dv IZFENENT T A RA =D 1 (BB DN R, UM,
X7 T A RA—NVOHHE, g ZTENMHEZERT D, £72, dvid2mb . -dr &722 5,

¥, FEMITLDOILHEE Y % Table 5.1 (TR,

AWFFETIE, HBAEETICERS I 2L —2 g U EITHETEMAMT LI =T A5k
ORI L OHEY A XE2EFE LT, 774 KA —NVICHEREEE—A L NI
% 1=2048g-mm” ([ E L, LLFICHBRA~S X 5 il iha&ats X ORI G o el b % ik
Wiz,

Table 5.1 Specific gravities of each materials

Material Specific gravity (g/cm?)
Iron 7.87
Steel(S45C) 7.85

Stainless steel

(SUS304) 793
Aluminum 2.70
Aluminum(A1050) 2.71
Magnesium 1.74
Copper 8.96
Brass(Cu7-Zn3) 8.56
Brass(Cu6-Zn4) 8.42

b) FIEQ—7Z4 KA —ILDOHERES L UVTEIZET IHEHRERTE

FIE@TIE, FINEO@TEMT 57 T A FA — /it O EREL R ET 5, KE
L7-fRRE % Table 5.3 (2T, 7 74 KA —/LOMREZH S BT — A > M, FIA
DTEDIZEBY THDH, WL O0OFEIZE, RE(LRFHORTEITI 2, BH
AIREZRHIPH A2 B T\ D, E7z, fARETED 2 /B ZIk % Figs5.5 IZRT,
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Table 5.2 Specification table of the flywheel

( Design items with * mark are optimization object items )

&

rﬂ
Moment of inertia | = jrzdm=g jrzd/
] A

I =2048 g-mm? (Material: Aluminum)

Bulk part (The bulk and boss parts are an
unit construction)

Diameter: Do= ¢ 30.0 mm
* Thickness: H=9.50,*1-°mm

Boss part

Diameter: Db=¢ 16.0 mm
Thickness: Hd = 2.0 mm

Axle

Diameter: Ax=¢ 6.0mm

Concave section
(Depth: Hi= 3.0mm)

* Radii: Rb=14mm
(Diameter: Db= ¢ 28.0mm)

A, B partinfig. 5.5 (with corner cut)

* Within C1.2mm

C partin fig. 5.5 (Stepwise cavity)

* Flat plane at outer peripheral section Cp>1mm
Side wall of the concave section Ch>1mm

Connection between above two sections is a
free formed plane

H+2.0mm

A

Hd=2.0mm, |

H=9.5,">mm

)

L_____l______l

30mm

Db=16mm

»
>

- AX=6mm

Rb (Db=2Rb)
Do

Fig.5.5 Cross section of the product
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Table 2 DTAEEICHEL T 7 T A A —/LVWNJEEN

DI & i

fii e SEOOEEb TN o T, &

, TR DRlIRIZAT: 2 il 729

, W ONER L VA OEREZ RE< 52 &

Z 2T,

CYR E % Hb=3mm, H£% Db (3-£% Rb)

THLEBICTTARA—INVEIHEZLEZ T, rEIEHT—XA L ME%E

FtL727 7 A A — /LI X % Fig. 5.6 2R,

Rb Omm 5mm 9.5mm 10.3mm 10.9mm 11.5mm 13.2mm

C0.5 C0.5 H

o8 ‘ |[e———|
] | '

o)

Wo=18.2g o

L B | | | | O o [N

I 2048 g-mm?

Fig. 5.6 Designed light weight flywheels

Rb=0mm D & X, 7T A4 KA —/LEX H=9.5mm, MFA@EILY C0.5 T, {HEEE

DED HIEPEE— A > b 1=2048g-mm” (Z
CHE A L Rb 2L B
BT — A2 M IA—E (1=2048g-mm®) |Z
TW5, 723, SMEATHEEY 1XT X TOLRMFIZIBNT CO.5 & LT,

DL EDOEEIT 182g THDH, ZOHEELR Wo & L, oo Rb DI

2%, BRALRGTE1T 2 12, (IREDOHIPH

ICEREL, FEErE2iTo77, PO+ _TO Rb F£EICTBWT,

W & LT, Wo bDERLMAROBEELOFMMEIT -7,
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ITHAREI O TP AR L TR Y, Rb 23 12.5mm UL EiX
AV PYIRVAR it,@ﬁ@®ﬁw774f4*wEink&$@#
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BIFHEHEY

R ETHIPHD B AN D 728

HDHTTARA—ILEEW LD (WWo) 2LV, BAmEFPERD EOFGETERL
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SRb 'mm 10 15

Fig. 5.7 The value of flywheel thickness, H, with regard to radii, Rb, of concave part

09; \ /
00:96 ™ /

o] BN

0.92
0.9

0 5 Rb /mm 10 15

Fig. 5.8 The value of weight ratio, Wo/W, with regard to radii, Rb, of concave part
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d) FIE@D—REES T2 L—2aVIT&IREERE, 754K —ILEK, ESHE
K UVEEHW/Wo Ot
FIEQOERMMTHERS 2 2 L—3 9 T, AidOKERE T, B8RO

B Rb=10~12mm DOFiPHN DS % s, BE(LT T A KA —ITHRIS S 724

&R 2 W TRIE I TER ATV, ISR O BGER L O KRS FHRiE %

HET D, TNEd LI, FrgEteE— A b2WRET L2774 KA —/VEXHEE

Bt W/Wo 2575, LLEOEETIEZ Fig. 5.9 1R,

Experimental simulation carried out by using
the dies with some concave designs, Rb,

v

Measurement of the outer profiles of the product a
maximum forming loads

v

Calculation of thickness, H, of the flywheel achieving
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Calculation of weight ratio, W/Wo

Fig. 5.9 Explanation of the procedure @ in fig. 5.3
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Fig. 5.10 Outer profiles of the products and maximum punch loads measured by the
experimental simulations
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Fig. 5.11 Effects of radii of concave part of the die on shape transferability
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the moment of inertia
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Fig. 5.12 Cross sectional sharps of the product and comparisons of those sharps

achieving the necessary value of moment of inertia

BH L7774 KA —NVES H &EAEYFE Rb & ORMR%E Fig. 5.13 12777, Rb
25 123mm R D LR ELT - S0, TAU T TohE, ARREFIRT
REHHEIPHICINE D720, B LT HAZEATX 5,

A AHEBEPEIC 351 D Rb=0mm COEH & Wo=182g &, Fig. 5.12 2B 57 T4 KA —
JVEHE W & OFEEN W/Wo 2K, EAmFFEE Rb & OBR TR LM% Fig. 5.14
(9, 2LV, Rb=10~12mm OD#FPHN TEE(LONRNRKENZ LR DD,
ZOHT, RLE\EEALIN TV EMIE Rb=11.5mm TH 7=,

[ :Minimum radii of flow guide disk (radii of workpiece)

12

11
= S

10

0 S Rb/mm 10 15

Fig. 5.13 Thickness of flywheel, H, with regard to radii, Rb, of the concave part of the die

(in experimental simulation)
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Fig. 5.14 Weight ratio of flywheel, Wo/W, with regard to radii, Rb, of the concave part of

the die (in experimental simulation)
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-o-:Design value , -@-:Exp. simulation value
[ :Minimum radii of flow guide disk (radii of workpiece)

0 5 10 15
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Fig. 5.15 Thickness of flywheel, H, with regard to radii, Rb, of the concave part of the die
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Fig. 5.16 Weight ratio of flywheel, Wo/W, with regard to radii, Rb, of the

concave part of the die
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Fig. 5.17 Final design of the flywheel obtained by integrated optimum design procedures
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Fig. 5.18 Final design of the die obtained by integrated optimum design procedures
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Fig. 5.19 Photograph of the product
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Fig. 5.20 Effective strain distribution in the product
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Fig. 521 Comparisons of the punch load-stroke curves calculated by the computer

simulations

Effective strain

25

20

15

10

0.50

0.00

Fig. 522 Comparison of the outer profiles of the products and effective strain distributions

in the products calculated by the computer simulations
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