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abstract

A design methodology is applied for manufacturing a disk-brake
piston component and a washing machine container. The design criteria
are the limit drawing ratio and the forging load within the available
press limit. Also, the final product should not have any geometrical
defect. The rigid-plastic and elastic-plastic FEM have been applied
to simulate both of the conventional manufacturing processes,
respectively, which include deep drawing and forging process.
Simulations of one stage process from a selected stock to the final
product shape are performed for generating information on additional
requirements for metal flow. The best manufacturing processes are
selected, which is using a hemispherical punch in the deep drawing
process for both disk-brake piston component and washing machine
container.
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g 7FEESA 2HEx} 2l Disk-Brake Pistono] thyt THMAES st 7
24 e e Algsld 7|29 4TAR o] FolA T tisie WEHEH
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2. oA sfAury

A37H EAo FRaLYE ALY o= AuliAd HEHelo iz} g
F3ta A (elastic-plastic finite element method)3} 7}
(rigid-plastic finite element method) 2.8 FH3d}o] AR-3lc}. Uut
2] dYolAlet ol FHol &3 HFo] XujHR] JHFAME ¥
7F e WY Fo Axaiiz ARFGYFTE YolhI] ¢
RAHE AMEYTE AT oY AU 'HHE L] ool

8|3t BFAY £ 9lg FEE 27| ulFo] AFdelHe] &S &l €3l
a2 83ke AWM S AR3IC). Disk-Brake Piston?] A3 2}R& Faube] rjmcg
Q2 27t FH AP F el e B4 FIasHE Ao o] &t =
3 MElRS] FA¥EAAFLS wuky vZE=2Ya) Fo] FH AYPFAHolr] el
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2.1 Disk-Brake Piston2| 8f4{=21

28% oJstd 0.25 inch $79] 3= Fuo g ERE7 mjio rjZc=
EoJA BYIETH=E AMESHA] Yeth EY npEzZAx wute] ZH-9 Coulomb n}
HAFE AHESHY AF ALY B9 npAJRE A= o] dutFojr). & =
B FA7F 0.25 inche] TS 2NEE A1L3}7] wjo) nlRI=IE 3o
&3t WX ohalzle] ghE 0.258 tlel] uvhlxlE 0.058 7hgstedct
olF¥t 7HEL Uty o R X9 upig A 3t tield npEAE A e A
o] rjx=g9) e {Elstr] wlEoln AHAL FHAME FARRY JFoA =z
jo] W3t ALt 2T AzF edzrel ASTM 1008 B3 7 AMRE T B3 3
73& 4.75 inch o]t}
2.2 Washing Machine Container2| sj&{=2Z1
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2o A8l 47 21 inche] A WHOE AMUrh WA, tlol, BALE
oo} clo] AL #ARA 2dalEgdch. E33FoE A FFAA 43T HH
3}Eo] ZALIIEE 3G Tlo| T AL HX| 9} tho] Alo]e] ZHAo] A} UXR3HA
e =A muysgch M zZepgule 0.328 WA (isotropy) ©]Eo] FHLH
t} U2 ppgre £ZupH(Coulomb friction)& AMEs: i npagHel aAVE
Axrstget. zhzte] AExAoA el 8BNS st B8t WX 2ejx tf
o] Alole] mpdAl4E 0.28, B33} tlo] eln EYIAEY Alo]e] npd
A4s 0.12 713 71& whde] A Ha) FF(ARA)AA 5 ksid ¢Hol
Baazge &) iz Umx] ZFHoAE FEo] I3l AE WAF] ¢
Bte] 10 ksid] ¢o] BRIAEHE FsliA Lo 7psidicth
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3.1 Disk-Brake Piston

tjze2da) thRE WU FAoR 3o ARt A} Fig. 1o uvigfolch #
X3y FZoM T HYEFo| -0.70] o2 GAHEAN FIFFHA(R2 FE)7
HAEE YA Ao Fxl xaygdes WAHAE dd FHLE JHESH
2135te] HA|FUNA S 0.005 inchE FQoLt o] wiFo] IY F-2lole] F73
S Zha ko] 71 whAlo] wisle] AA 3] Uehn AFE FF AYe] H
AstA "t whebd Tl 2R o2 FE EVsdE o £ don r=E=
Azt grze] 2 whA FAHol thyt o] Heasich W ol FHoET IS
wjo] =29 ulE= 2.092 7|& FEe =2u] 1.980] vlste & zlojrt glo] o]
2L A =gH] oo Qlcta & 4 qlth

71& FRo] i K aL3Me] A=A Fig 2(a)9} Zo] t]ZERYF 2
=29 ¥o| FHYFo] LEtYrh Fig. 2(b)E ZZke] 71E ©ANE WA BFol
o2 3% HIE B FEu dR2FFAMY Hc) HF Ik 1987 kib 24 A
A FARol £ 14 WAL 800 tonf Z|AZXolA ZHE S glrt. UAIAY ¥
ZolAe] £ MY Eo| -0.22X FFHo FAI} golAE & + oY TF
2o 84 5o AYL uehtx] gurh (Fig. 2(c)) 813 800 tonf THRFHO
A} vpet el FA71 0.232 inchollA 0.093 inch® HEsH=] "R s1Folr)
HAFZUNA(P.C.R. )} HX =2 (P.N.R. ) 57 HY ol Arit 43S 0]
xed A 1 A FFAMY HAIURAH 2 0.5 incho]il A 2 LA FF ol
HAIAUNZEZ 0.25 incholw A 1,2 T 33 2F A XxZe wHF0] Fit)
ol B Yok E r|Z=RQ) YA EEY HlE 1.98 o &3 HF3
B3 T nizt viaF 2] aiZe] EF3EFY glo] tIZERYC] ¥Ed
itk

AASY uiAgt wiAle TiZ=E2 ] HA o] HA =23} HA I
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HAZ 7FEshd ZE 1F Aol BAGH0] glo] ZY el S5HY d
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3.2 Washing Machine Container

Fig. 48] ZREAL 7129 3ciA 236 23t Azbhyo|tt. =2du] A F
ule] Az AAZIEEC] ofE HARINE ALHLE UotRy] st 2719
BalFoa #HE BES th 3hHe ] o3 Hgdshe tt T AYE AEE
ol steth B AYoz Xy 2y BYaAN4E s AL 4
£35}o] 41 inch AL BPAE AlEdoldel ALt & FF ZAgolAMY
=29 ulE 1.970|9 Fig. 50 Hole RAY HXk2e} MUAIY F oA =
Bl SAZAT} dojdth. old AL VPH RES UEI A= T F
Bogl A zlo] Brlsdlthe A& RoFErl

7122 AzFEL TyAgu] AEISo| ol sH53k oluolA ZAygle] &
Aol Az 4 UEE FTAL AL Zlolth. 71EY FHAA A HA 2
ARA AN ARANH REo EHIE= e Faste tiZ AYgITHe 2
od3rg mjacy QEA T A Az} Fig. 60 Lie} ek WA PH L 0.5
incho|m FA|Zt47} 7H8 A% o] FAE 0.0403 inch ©o|3 Zcf HA|3FS
15 tonfojc}.

= ) 2] HAEANFS Anrd =23 Fio] FAlo doldE &
glom =29 W& 1.960th. F Hal FFoIME] A L 20.90 incholH
HA ez NAL 1.75 inch, Tlo]ZFEL 0.25 inch, X8} Tio] xjele] T2
0.053 incho|3 =8¢ Zol: 3 incholTth Fig. 7ol LlEh 3jA Azto]q T
ExE Ry 2oy 2o sxdy 2ol IEFHA FAZz T 22
Ao] UEIIE o]|HL A4z g3 FMolM o 8 inch "ol F-olofA
ubggic), o] yA-sLEM T Uehd i} o] MAYPS M A AA
AAA o7 ZUpsta AL upxt thAA FHo) HX|81F-2 130 tonfolr

712 A¥upie) nixut 2L =2Yu|rt 1.003¢0 MERYLE =2
u]7} o} 2] iR EYey FHOE HFET| ¢t A 27tA FHe] ER
gzt Fe] BIAPY FAoY wlBo HAL=Z F9lo Lxfola I AFS
sted SEE HES wEy] ¢3] M=o Wasitt A= FHA HAF
78 20.83 inchol A :=2WtH 2 2.0 incholth. Tlo]FE2 0.25 inche]1 t}
0]7+2-2 0.083 inchol® =29 ol 14 incholth A 3TA FH A& 0]
A A2 A Fig. 8o UEhd FAREE B FAAs /MR AT X2 FAF
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24 HEFe Ty 0.029 incho]il #t] HXA|31ES 134 tonfo|t}. BA-3}=
AzodE HX7F Uz e} stFo] #Z4dte & & 5 Jden oyt A
2 £ Hx FH BH-FATE AtiE s B Relth

7122 71gahdES A Bl AT Ao IHY 4+ U AL Fig. 79 LIE}
v AAE =29 3132 Ao 32 A 2 v Y =29 Zolo o3 HAAE
o ¥t 22 =29 x}=Z(drawing mark)e] Fig.8ollAe} o] B FolME L}
U ol =29l A WA AYE A=EY AYE FAR FHLEE A
AR R ol=tis AAE # Rzl 84" JHEEAA FAC M ¢k 2
2 0.0294 inchol3 Ht HA|3}3-2 134 tonfo|Tt 7|&e] WHLo R JHFE 71
o] wofla]e] Al e oF (0,08 deg. o] FAIY 5 o1& wHE 2l

218t 22 A EHIHE B3 thed A JIRAE BAEsidch A, JHEEY
ZA8e FEA FE22 A a0t 39 B4, w33 AP 2 UHEEE L
Fo] Brbesta Alml, Az 8k FAIR 4 glvke Zeojth. i JEE
o] Al BAL R Uy =29 FHAAM wEAAH A ] FHd Fol 4H
o] @& 12 3R rh uwetd AR A Y olFols HAUBEHE FE IS
opxjet HA-g gt Ro] AT HE S YAIste F2 WHolth. FF3F
o MHE AL 2B FHEEE 2= ¥8EFS €71 S8l = Disk-Brake
Piston®] ‘d¥olM el Zo] W& o] HAF AMEsh= Zlo] ulgH it}

wpetd RZ Aol Fig. 99 o] A 24.828 inche] W7y HAE AHE3ste
=29l & AE3dte] Fig. 103} Zo] vlz3 12 FAEZE dglon &
ZAl= 0.0346 inch® UElGTE =29 vl 1.650]H 2t} X815 70 tonf
24 71&2] Uajof ulsle] 3] A UEtych

F A FFEL Fig 113 Yol =2 vz} 1184 A=Y @7 #EF
9] HALS A7) ¥ whRAYgel # AT 0.033 incholt}. Fig. 120 Liepdd
FAMSE MBEd ST V1€ YA vl FAAFeH o= ule w4
27} B R [ dfEolch HuistE2 Fig. 120] vehd BH-s1Fd =0l
A A 360 tonf2H ol 7|& ZHAH|e FEH (500 tonf) ouie] io]
t}.

4. 4 Z

ok 3 71y AzFAH tE Y S st AMEE FIHEAE st &
|3 HAREES 2o olF EuR MEE A2ZTHE Asedch AHg"
A 2P 71E ol 4tAIg} 3ThA 23 HE EEIA & e el
2xtAl] g FHoln J1FFolA ol AR CFEHA] slrh oddEE HASH
32 Zzte] FAAFHAA 2P olvfel e Zez A=A 22 AZ
el A 1A FH L FUT RS E7] st WY HAS ASH ==
3 FRelth MEL AHZTES T WA Y dAA Ty HS HA RGO
g AR Atit L Frhe Holth MELR ALIF2 24T H{F
Aot 71&40] Y stEedE Lt AAVELR & uf HEHLgE Zolrt
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Fig. 3 Deformation patterns, strain distributions and load-stroke relation-
ship for the final process design of disk-brake piston component

-114 -



Workpiece

THICKNESS (in)

(@)

Fig. 4 Three operations in the production of washing machine tub
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Fig. 5 Thickness distribution and punch stroke-load curve for the single
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Fig. 6 Thickness distribution and punch stroke-load curve for embossing
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Fig. 7 Thickness distribution and punch stroke-load curve for drawing
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Fig. 8 Thickness distribution and punch stroke-load curve for redrawing

N e = =
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Fig. 9 Deformation pattern of a drawing operation with hemispherical punch
for the proposed process
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Fig. 10 Thickness distribution and punch stroke-load curve for the lIst
drawing operation with hemispherical punch
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(23 0% punch stroke

(b) 100% punch suroke

Fig. 11 Deformation pattern of the 2nd redrawing and forging operation for

the proposed process
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Fig. 12 Thickness distribution and punch stroke-load curve for the 2nd

operation
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