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with Strain Hardening Effect)
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ABSTRACT

Superplastic forming of thin sheet into complex shape is an important manufacturing
process especially in aerospace industry. The main interest in modeling the superplastic
forming process is to predict the forming pressure cycle to maintain optimum strain rate and
the resulting thickness distribution. Many researchers have attempted to model superplastic
forming using the various techniques including finite element method. But in most of their
researches have disregarded the strain hardening effect which occurs in several superplastic
materials. In this study ABAQUS finite element code was used for prediction of process
variables for axisymmetric cup forming of Supral 100 and 7075Al alloys considering strain

hardening. The performance of numerical results were compared with the experimental results.

Key Word: Superplastic Forming, Finite Element Analysis, Strain Hardening,
Supral 100, 7075Al

224 A3 F A (superplastic forming process)< S F-EFE dFAHL
F A FEE 7R AxFHeR FIVAY 2 AFAdded Bel F&Hn 2
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2 Azgor BEFo ZFFsel REAEA FEv HHAE 7Y
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gurd oz AL HmFH AT HPESTHAG EYAAAN dojd
o} wetd 2AMAIFTAA JH HYEETE FAN F7] AT dEF7
(pressure-time cycle)?] AA7} ByHoz g7 24202 AxE FFL AA
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& AFAEL FH22EE NS B 99 EAES ATFFoI [3.4,5]

8 9AT 278 ABAQUS & ©| &3] Supral 100 &5
3 7075A1 FF9 2ARARPETRHES ATFEAYG F eRuEEEY 22454 E
Hrlet7) 98td dezAA SHolgAAT AFAEE AT ANdET
7075A1 2 Wdo] AP wat HFAHI TATES TEY F UG BA
HA) Ry 2AARPTA FFeaHHATINE 224 EAS B F=
FARAN 0T o=Ke"FH e vnE A e o] AtgEa AU s8R
ok o]l g TAWAA Y oA WP Ao upt BYE VtEEAEYE B
#3 = F71 glomz Wy & 244 9 AN BS 2319 Ul €
2 9ty B AFAME "igo Ao n dAEE HTAFE AT @Y
& AN o] AxE HA AFAEH vlmwnFsch

2. AP

Supral 100 &F& Alcan Aol A 2.6mm & FAE 7HA &€ ¥A= FhsIg o ®
1 29 satzgde Jehlla Ut Supral 100 §F9 viAE 2R EL THAE
A (dynamic recrystallization)o] €3] dolAch F WP JPgol W 2
we zxo] YARL B AT AIFFEL JtH iAol AFEA ¥MEH 2
Q1L 1X102¢ HPELEETA 200%HFT F AA Alo]X(gage) -2 L H(grip)
Bol nyzAL BaZET Ao EE FYdA vlAstE A& Holy ofd ]
& 2grs ooz 7Y AFPAV Y 43 AZAHA £ £2HE B
ofF1 At

7075A1 =29 A2AJuIMSHE 93 71-F YL A 2 (thermomechanical treatment)= L
2 2 9} e o] Z A4 A A 2l (double recrystallization)& F3|4 o] FolA gltt. 7075Al
o] AAAL Supral 100 FEFE THE 3 H A2 H(static recrystallization)& T3 °]F
olXt} ¥ 3& 4900C oA AARFAYT HA vAEAE BAFET

AARAY

224 BHS 7t 98 SFolgNWT AFANYE AU S0l
Ade AYE wgFl S Aol AYEF AT AeelN DAz W}
A9 githie) oA @ FAE ol fate] WHFS FANANWN 224WYEA &
Qe =S,
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Table 1. The chemical composition of Supral 100

Cu Zr Fe Si Al
5.86 0.42 0.12 0.065 bal.

Table 2. The chemical composition of 7075Al

Zn Mg Cu Mn Cr Fe Si Al
552 | 247 1.56 | 0.042 | 030 1.91 | 0.047 | bal.

2248439 /R4y

£ dFdM = *‘% et AT 2 gMel ABAQUS version 5.4 & o] &3t H®R
Fe tholol i HHFE HAMEUTE AFPA] ALEEH Tl RFL HEFolmR F
HAZ A gty ¥ hol= ABAQUS oA Al FH rigid surface definition < ©]
43t on 2AABAE CAX4R 84 216 2 EHIUTE CAX4IR 84 +E 4-node
bilinear, reduced integration, hour glass control element &] &3 & 7}3 1t} [7]

224V PEALE ZdAFE FARRNLE o=Ke"(e+¢g,)" & ol &3

A2 FHo mME JFS nHINAY. Yo FAARAA2AL user subroutine

o] &3t P33 T AL}
228 IAFT Y AP EEE9 FX = *CRREP STRAIN RATE CONTROL
£ o] &3l oy olE T3 ¢¥HHY Ao AAE AL F AU}

3. A4y 9 1@

ok Rl B 2

% 4 4500C oA A AIZE Supral 100 359 SZHolgA P Aot} WY S
(strain)©] 0.06 4 W9 FFFAo vl MIPEo] 032F FUHEIAS W SHE
Bol F7EE & 7 Arh AT MY Yo 066,099 2 SIS W T o]
go 7t AT o2 REEH AR EY Wyo] JyPd Fol= ¢ ol st
S}(strain hardening)”7} ?—_loi‘f}z] 22 ¢ T ‘Rl‘:]- E 33L& LA o=Ke"
oA Hold AELSF K, mE 104 0] 49 HAEE T T A curve fitting 3td T
3t Aytolt}, HYPEEL ‘ﬂ%ﬂlﬂ—(stram rate sens1t1v1ty) m< Hdgo] dAAE A3
4 F2E 035X g Fe g 7HR 3 Uk

a7 55 7075AI S 515 oC Al SO AAFS HAst 2 U E F
7hol WE 53 A (flow curve)©]th. Supral 100 &5 3= &8 W3 Fo| FI1g u}
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2} 718733t o] FRol FAECD. JFAEI Y YUL Wy L Az g
A3 EY Ao we Aoz wodct ¥ 45 Supral 100 353 o] FAAHA A
o=Ke" o &) AgdFE F3 Aot}

Aol met AT JPHE B o=Ke" 9 2 FANAALS T3
Me B8 A5 F5AHEL Udetd + gk gdes B dFoNe B33 &
Aol ogt 7HEAsE 1 o=Ke"(e+¢,)' B 2L FAYRAE AL8EY
ko] FAMA A AHd ARYTY WIHEEEUAF m I NFAFAASF o

¢ 27 wYesEd ¥WYEd §FEA o BAE AR Ty AaANE
we ool Agel Wasth ST AYEVAATE IF 49 5ol ¢ & AR
ol WPgel Frtel Mt 2 AolE HolX Yol YA AF@oR HAY & o

o E@ AZASAS 0 WYEEEe] BE Jgo] X YT A A%
drE 2ZARAT A A AP B AP EEEM ¥y 3o me
TAFARAEE SAHNAT. A AFA E(dome)-J Ao w} Hyg gL 2
WP gol AR o e FAALA A s AHEAL HFsHA E.afﬂ-
== ARG WAV Aok ole WHOoT T FHYA] HTALEGE
59 et 2o

r l

Table 3. The material parameters determined from load relaxation test results of
Supral 100 alloy at 4500C

log K m
€=0.06 1.935 0.264
£=0.32 2.400 0.334
£ =0.66 2.511 0.353
€=0.99 2.526 0.354

Table 4. The material parameters determined from load relaxation test results of
7075Al alloy at 5150C using o = Kg&"

log K m
£=0.01 1.210 0.320
£=0.43 1.474 0317
£=0.72 1.617 0.306
€=0.94 1.698 0.294
e=1.12 1.752 0.296
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Table 5. The material parameters determined from load relaxation test results of
7075Al alloy at 5150C using & = K&"(e+¢€,)"

K m n £o
10.93 0310 2.112 1.169

AFAE

22 63 7 247 Supral 100 & 7075A1 FE9 HPEE 2 WE IFIAH %
NYA RS BAFT Qth $Ho|FAFAFANAN AF Z5) % o] 7075A1 &2 Supral
100 F2ol vla e & JHEAEE 2YE FAT 5 Uk

Ay FAHY

1% 8& Supral 100 HFE WHESES £=0003/sec 2 FF3H7] A =
7ol @A ot} ol a 2 F7(pressure cycle)ol Wet AFHE F(dome)d] Azt
me moF WatE 1 99 o] HHHATH WP PPl me o EYgS
B} 723 A} (semi-spherical shape)oll Al Bl ojitil 9SS ¢ 4 gttt oI AF}E 035
Aol o WS TR A S (strain rate sensitivity)ol 910} ok 34 2 3} o)
Blgge A=sy] 98 28 gol FojA ¢EFrI s RIS AT
Azt 27 109 YR} k. FaaasidoA dEHAR] AA AEA F9
Fore Alzte] wat FE N FEAA By mEd FEjY o= wgo] 33
g god £ Atk 2AARFA e WP ESENRATE HAE Mg
o e AL A dE 5o gol WHFLE —r”ﬂ-/] Wyl AXA 2o o
A e WIS ZASFE MXE AR AF F Z4(pole)Foll A B
7] doluE T/ BAE pAseEd A H“E}(merldlonal direction)® Y5
&} (circumferential direction)®] W & & (strain)©] Ak Tt (g + em + £c=0) AR
= ygoze WYL NHYPALS AT AER IR FoBE F9 2L wF
3 FE = Yehdrl

a8 11& T075AIRE S £=0001/sec @) SE2 APE o o ¢
2 7A2ASE 18d 299 284 g APl nE 4y 719 W 5}
=3 ot 22 123 13 HEASE nEsA A9 nad Bl GE A
o wE Wael e vebd Rolth ¥ 1264 & F ROl MEARE I
&2 o< AS Supral 100 FEH FIF AFE B Eoh sA| gt A SE
s 19 139 A$ 29 2o wHAFAS FAEA Ago] YL &
gty Ax BEZY AYe Ade 138 140 Jdeha gled @ M Aot Z o
e AL 2o F3 At '—TL"QHJ"E‘,’—‘% O'=Ké""(€+80)"°ﬂ’ﬂ AYSH2S W
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&R A% m BT ople B ARAF nel SENE Qe wech 7075A1 ¥
o M gANRAFE] 03 AR R o AGSE 7HE3As dge2 U
2o Wge Bk FGsA oA A} Hart = UEAFA WL AIJES
s nASS AEFARAFY Fol 18T 2 z2AS BHEFHA AFHoz IPE
g AREAchis] & BEFel 2 g HEASE A8 ol gL
o)z od WEe AMFUR Bt 2L Axh= A ot

Supral 100 &3 AeARELol FRE 7075A1 FF 2AQYEARE v
& A3 5 §29 HFRxLPLENA My gEENgATE 42 0359 033=
o groz HlZA % @& BolH 7075Al 2o A% 5 NERRAFLE <
@ 224dwde tAAdol ¥oFA Supral 100 gonc Wgo]l FUsHA Loty
geg & & YAtk FAMA B 223G TAAANAN HFRRETE 1T
& AL oo YA &k AL 2adWaA] Wy R meAM BAZ
2o g ARPATE B A7AE e nuslz deon oA BARA
o] we JHEAEE LA K AAe HEggF a4 2 FA £XS
2 £ J4yTANN 2 o348 MHE T glch[9,10] WebA Bk AHE T4
AS SEAE xaAA BAsE AR %, BF(cavity)®) 24 & Uz
o Wzl Ane FE@owyd Bl FIAE gge no FestA FRsE 48
A4 o] a3ttt

4. A&

| wgeke) 2d WE 22484 E $FIANALS 23 2Ag 2% Supral
odtze 9x wde JYF AFAHI A 2e AT F ANoH
JOTSAl BEE Wa 2 ARl ot ARYA 711 AEARALol o<
stk sAT 247 FEelA myssagAse e waZe] FHo] W
b Wzt A glo] AP & M2 L F AR

) 8 4ees T2 ABAQUS & ©18F 224483 A FeaHl
A AANYESEE FA AR FFFTE Aglch. £ A HE 7 5
oke] W3hE Supral 100 &F 3¢ WAAA Holyd WEY FHOZ T075AI TS
o wamore §AEEA 4o VAHE A= A E Ut ol H4EARE
A

==

Arg ot 7|8 Ba AT AA AyAg AT 2 AR
. Supral 100 &3 7075A1 54l nzayyga § F4e Aole AR
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(2)
Fig. 1 The microstructure of Supral 100

(a) gage section after 200% elongation at e=1 *10-2
(b) grip section after 200% elongation at =1 *10-2

o . ]
% SOLUTION TREATMENT 490 C, 4Hrs 1

- i
L OVERAGEING 400°C, 8Hrs
]
| WARM ROLLING 200°C, 30 -> 7mm }
L
! RECRYSTALLIZATION 490°C, 30Min
DR S
OVERAGEING 400°C, 8Hrs
N D
COLD ROLLING 7 -> 2.5mm

‘ RECRYSTALLIZATION 490°C, 30Min |

Fig. 2 The procedure of the thermomechanical treatment processes of 7075Al

A ¥ a".'?-“'nfr' ol '
PLESROTE ;‘};ﬁ Tehd

Fig. 3 The microstructure of 7075Al after recrystallization at 4900C
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Fig. 4 The flow curves of Supral 100 .
g - Fig. 5 The flow curves of 7075Al at 515 OC
at 450 ©C with increasing strain oy . .
with increasing strain
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Fig. 6 (a) The stress-strain curves of Supral 100 with the variation of strain rates

(b) The elongated specimens of Supral 100 with the variation of strain rates
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Fig. 7 (a) The stress-strain curves of 7075Al with the variation of strain rates

(b) The elongated specimens of 7075A! with the variation of strain rates
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Fig. 8 The pressure-time relationship obtained from finite element analysis
(Supral 100, &= 0.003/sec, 4500C)
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Fig.9 The change of superplastically formed dome shape of Supral 100 with time

SUPRAL ¢=0.003/sec

Fig. 10 The dome shapes of Supral 100 with time
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Fig. 11 The pressure-time relationship obtained from finite element analysis
(7075Al, £=0.001/sec, 515°C)

_/’-—‘ B
li_x 497sec L 1298sec
- —
E_x 1762sec E_ 2456sec:
T —_—

Fig. 12 The change of dome shape of 7075Al with time when considering
strain hardening effect
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Fig. 13 The change of dome shape of 7075Al with time considering strain hardening

effect

600sec

Fig. 14 The dome shapes of 7075A1 with time
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