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Abstract

This thesis mainly studied the springback improvement methods of
the aluminum alloy A6061, including using the drawbead in cold forming
process and forming aluminum in warm temperature. These springback
improvement methods are not the same diminishing springback
mechanism. In terms of drawbead design, drawbead can achieve “post-
stretch” effect and unify stress distribution on blank’s upper or lower
surface. On the other hand, due to material strength reduced after heating
the blank, the springback phenomenon improved.

Before analyzation these two process, the material properties of the
aluminum alloy A6061-O and A6061-T6 were studied first. The material
properties include working-hardening ratio and plastic strain ratio
etc...The influence of A6061 material properties in formability and
springback had been analyzed, and the differience of formability and
springback between aluminum and steel had been discussed.

The material model of A6061 has been established, including non-
1sotropic yield function parameters (Hill48, Barlat91). On the other hand,
Bauschinger effect of A6061 had been considered in this thesis, so the
Yoshida- Uemori model of A6061-T6 was established.

After established the material models, the springback analysis
simulations including V-bending and U-hat drawing were conducted in this
thesis. With simulations of different material models, the proper material

model could be figured out by comparing with experiment data.
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About springback improvement methods, the drawbead design was
studied to eliminate the springback of A6061-T6. The U-hat shape drawing
die with drawbead design experiment was conducted to confirm influence
of drawbead design on the springback phenomenon.

The V-bending warm forming process of aluminum A6061-T6 was
also conducted to discuss the springback improvement in three
experimental temperatures. The results show that the springback degree
decreases when the blank temperature increases, and the ratio of

springback improvement increases when the fillet of punch increases.

Keywords : aluminium alloy, A6061-O, A6061-T6, Bauschinger effect,

side-wall curl, adjustable drawbead, warm forming , finite element analysis
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O z_ # 4% o

TABLE 6 Recommended Annealing Treatments for Wrought
Aluminum Alloys*

Time at
Metal Temperature, Temper
Aoy +10°F [£6°C] Temperatufe,  Designation
1060 650 [343] 8 -0
1100* 650 [343] e -0
1350 650 [343] B -0
20144 760 [404]° 21083 -0
20174 760 [404]° 2103 -0
20244 760 [404]° 2103 -0
21174 760 [404]° 2103 -0
22194 760 [404]° 2103 -0
30034 775 [413] 8 -0
3004 650 [343] 8 -0
3105 650 [343] 2 -0
5005 650 [343] 8 -0
5050 650 [343] 8 -0
50524 650 [343] i -0
50564 650 [343] 8 -0
50834 650 [343] 8 -0
5086 650 [343] B -0
5154 650 [343] B -0
5254 650 [343] B -0
5454 650 [343] 8 -0
5456 650 [343] B -0
5457 650 [343] = -0
6013 775 [413]° 2103 0o
6053 760 [404]° 2103 -0
60614 760 [404]° 2103 -0
6063 760 [404]° 2t03 -0
6066 760 [4041° 2103 -0
6082 760 [404]€ 2103 0o
70504 760 [404]° 2103 -0
70754 760 [404]° 2103 -0
7149 760 [404]° 2103 -0

Bl 2.2 2 R 2R € T T2 #Ud? WA S8
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PRk 21 Tobd N AR FEFEFEHERRT MG F 4T
B 247 a0 Mg 7% 426061 FH B A 52 2mm > H ¢ R FHIA
BROUORRE L3S A cREMEAET AFBRFEEI AR &Y 50
A48 G AR o B ASTM RS Sefr B~ e B p oo de
B 230 5% @ H 4B T 560 B 2 HIE 50 A 4o B S B B g i

k% (Quentching) » £ % » ¥ — 4 #Up ¥ &7 4 1 Pz 160 B ¥ 48

18 /] FF» 1 2 4R L & A6061-T6 2. # 4% o

3 2. 1488 £ 2 T6 # &0 4l 42 % #c

ASTM 6061-T6 %4 #7 %%
H5 R R 516~579 &
=R 160 &
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TABLE 3 Recommended Soaking Time for
Solution Heat-treatment of Wrought Aluminum Alloys

Soaking Time in Minutes®

Thickness, in.? Thickness, [mm}® Salt Bath™ - Alr Fumace” -
P— Maximum™ Minimum Maximum’
(Clad Only) (Clad Only)
0.016 and under [Up to 0.41] 10 15 20 25
0.017 to 0.020 [Over 0.41 thru 0.51] 10 20 20 30
0.021 to 0.032 [Over 0.51 thru 0.81] 15 25 25 35
0.033 to 0.063 [Over 0.81 thru 1.60] 20 30 30 40
0.064 to 0.080 [Over 1.60 thru 2.29] 25 35 35 45
0.09110 0.124 [Over 2.29 thru 3.15] 30 40 40 50
0.125 to 0.250 [Over 3.15 thru 6.35] 35 45 50 60
0.251 to 0.500 [Over 6.35 thru 12.70] 45 55 60 70
0.501 to 1.000 [Over 12.70 thru 25.40] 60 70 90 100
1.001 to 1.500 [Over 25.40 thru 38.10] 0 100 120 130
1.501 to 2.000 [Over 38.10 thru 50.80] 105 15 150 160
2.001 to 2.500 [Over 50.80 thru 63.50] 120 130 180 190
2.501 to 3.000 [Over 63.50 thru 76.20] 135 155 210 220
3.001 to 3.500 [Over 76.20 thru 88.90] 150 160 240 250
3.501 t0 4.000 [Over 88.90 thru 101.60] 165 175 270 280
over 4.000 [Over 101.60] add 15 min/0.500 in. add 30 min/0.500 in.
[12.7 mm] [12.7 mm)

B 2.4 3 R F 2 R% 1 ¢ o] L2 Bl WAE S8
Aok v B ASTM B918 2 48 #7 4 M2 O 12 T6 # » 3+ 34|
BHiE 24 @ Tl 2 P RO R FR KT A MR
Fof RER %R AR SA M ¥ ¥ & MatWeb[31]2
P 6061 AL R AR 5 R G 22 MatWeb[31]¢ dodt At

BHELBZ A 4ok 22 84 23 FEY Ahv AR Y

—\

FlEEr2 BEIT A X P AT LRSS £ 6061 22 O H¥ T6

HeFmMAY -

# 2.2MatWeb £ &3 < i3 L {42 A6061-O 2_ 1 {2 5

6061-0 A & H #L1-F LT MatWeb

"% ik 3 & (MPa) 56 55.2

i 5 & (MPa) 122 124
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% 2.3 MatWeb 2 &%~ T6 # a2 #l 4% A6061-T6 2_ 444114 5

6061-T6 # ~ 1L 15 rh 2 MatWeb
% ik 3 B (MPa) 275 276
Fid 35 & (MPa) 315 310

222 48 & & A6061 %k fs 2 HR LT R

PLE R AT T 2B AR A6061-0 ¥ AG061-T6 > 48] 2.5
S48 L £ AG061-F ~ A6061-0 2. 1 2+ ¥ d 4> d L B F 4
A6061-F Apiie A6061-O B 44#l5s BB st ¥ Fim® o m i5d TV E
24717 A6061-O> HiID3 1 W F X bgdk B 5 24% > @ "F R R (YS)&
Fif 56 B (TS)A %] 5 56MPa 2 124MPa > % b A6061-F 3 & % {7 i
FERBFZAEE LA > m S50 B iR - A606L L ¥ ¢ E*
it R IRl AR Nk HY e 7 T4 ZSE R AP
(natural aging ) ~ T6 5 i A 1 PF»x(artificial aging ) & 47 1) 3 i @ 4% -

AAHTAT PEY TORAILZ 8L £ AG061-T6 it 5 7 5 H4L o
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engineering strain
B 2.5 A6061-O 2 A6061-F 1 2 /&4 ¥ d R
# 2.4 A6061-O £ A6061-F 473} |+ 5 4
A6061 | YS(MPa) | TS(MPa) | UEL | E(GPa)
F 185 201 <2% 66
O 56 124 24% 67

A6061-T6 H_A6061 5 i TO6 # a2 K& (747 DAL 1t B 4o 5 & >

Vi A4 R X PEHR B 4B 2.6 5 A6061-T6 ¥ A6061-O 1 42

A REEY R @A 25 5 A6061-T6 & A6061-O 2 #1342 -t & >

d % 2.5 ¥ & A6061-T6 =7"% KRig & &2 > 8 & 39 & 3 > A6061-0O

2B MmN G

“I‘Il\‘*\

» A6061-T6 2 ¥95 2 1 2 (11.6%) " B 3 1t

A6061-0 2359 1t i % (24%) 1 » @ 1240 1AL 1 J5 8c =+ A6061-T6
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Zn B A6061-0 k18K » H ¥ n &5 B BH S 35054 o

SR AL AR BEo T d a0 g e 1 AT (4 g BT v AGO61-T6 £

= A5 A6061-O Ap ¥t £ > Xa UFRET G @

= 5 A6061-T6 11

B R RGL R T ERY > T T A6061-T6 ¥ A6061-O 2. = A5 %

BRBOAE EL 0 BB A B LR R A

'k}_ LL ﬁ* o
350
& 300 ,"' “'“ — 46061-0
2, 250 | : - =AG061-T6
E— 200 | |
%IJ 150 l |
s | !
@ 100
£ 1 |
5 so |
0 |
0 0.1 0.2 0.3 0.4 0.5 0.6
engineering strain
B 2. 6 A6061-T6 &2 A6061-O 1 42/ 4 B d R
% 2.5A6061-T6 22 A6061-O 2_+1#L S#cit i %
A6061 | YS(MPa) | TS(MPa) | n | UEL | E(GPa)
O 56 122 0.21 | 24% 67
T6 275 315 0.14 | 11.6% 69
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% 2.6 A6061-T6 "% Kap B &3 "% Rog B se % 4

% K5 & (MPa) 1 =~ % #(GPa)
A6061-T6 275 69
Casel 92 69
Case2 275 207
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S 250
%, 200
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n
o 100
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Figure 7. The progression of strain in an S2 glass sample using the single line strain
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Fig. 4: Strain measurement method for r-value analysis (a) Line method, (b) Point method and

(c) three point pickup locations for the point method [5].
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+2No% =1

Er P M REERAT A 10145190 * F HR R R
BEAPERPPRREE (33 4B F-G-H% N
¥ e ke s 10~ 145 ~ 190 4o(5t 3.4) -

H . H . N 1 X 3. 4)
Th = — ’ T = — ’ T, = - = 4 ‘
07 ¢ 9 ~ 5 T re 2
d (3% 3.4)2 B (s - VLT EF(GE 3.5)
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1 (
N=F+G(r45+§) 33D

(N 3.5) 8 (4 3.2) AT E (2 3.6)

2N = —20s = 1 _TotToo 5 1) (% 3.6)

Z2 2 O'g T90(1+T0)

(R 3B (R3O 5> TR EEF G HE N&7

d 10 ~ 145 ~ 190 Je = 4e(5 3.7) o

F=—>2" G=— H=—"2
Too + TooTo (ro+1)° (ro+1)°

_ TooTp + 213145 + 274579 X 3.7)
= 3 .

2799 + 27Ty

-

F 14 3w 3 i 4 (principal stress)( g; ~ 0,) % % 7 (07, = 0) >

R 3T)E N (GY23)F S (G 3.8)

AL To(1+790) 5 _ 2 (% 3.8)
of — 0,0, + ——05 = 0,
1+ T'90(1+7,)
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&2 Hill 48 "% KRR F 2 HF T 582§ Sdo# 3.1 #77 o

% 3.1 Hill48 "¢ kB2 k7 582 F 4

Hill 48 *% ik & |

VAR B SNTREEEL Y
FoBET 2 M e 8 a2 ot R A

0° ~ 45° ~ 90°% 1 Jis % 4 #ic

P18

\\\Xr

3.1.2 Hill90 * i 3 B2 33

Hill48 ™% < ERIEE 7 4§ * 30— LB B o 2 Hl > 3 4 dh
£ 4 RA50 W R B RGP RS F HIll36]% 1990
£ 4% 00 Hill 90 5 IR > v 4= Hill 48 "5 RER] > { T 045 EH AL
Pho £ 4 2 FART HIll90 '8 R ER|Z B AN L - 2 N

H g R AR N e(GY 3.9) 197
Oy m m
f(Jij) = |loy; + 052|™ + (7) |(011 — 022)% + 405,|7 +

LLES]
|0121 + J222 + 20122|2 {—2a(0121 - 0222) + b(oy; —

022)°} = 2op)™ (z* 3.9)
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H P gy o7 b 2 ¥ (Equibiaxial tension)z_ "% k3g & ~ T &
T AR FRERME m ShEHAEE RS 235k Gk @

PN Y o A ~ Y oG P | o.bm
m &7 4% (3 3.10)3 5 13 :’1,m@(;\&ll)‘@l%?iﬁa‘b.ﬁ’(?)

_In[2(ns + 1)] X 3.10)
o 20,
Ous5
m m
=10 - (%) |
b=3|(2)" + ()] - (22)"
(%) =1+2xn (3 3.11)

22 Hill 90 % RER|pFF & 2 HHFLEH S 82 F Sdr i

% 3.2Hill 90 5 R IER|2 WA T f Rl R B %A

Hill 90 *% &K & p]

Pt FR MR RAE - i

EARLY Rl - 3 SEAR LI B
BT g 2 A Sk
0° ~ 45° ~ 90°2_ ™% K4 ~

0° ~ 45° ~ 90°2 % 14 Jis % 45 #c

B 8 R A G 2 M PR (P )
7 % P XL E S
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3.1.3 Barlat89 12 %2 Barlat 91 " R¥p|2_ ¥4

Barlat v Lian[22,23]*" 1989 & 3 d12b - 58 2 2L 8 5 (4 o0fF 1R
WA B F R fcde(X 3.12)%77% > B¢ aschprM &5 CAE &
1T47% Sl AMHMEE e T 0745 90" 2 R A E T
BEREen MEEHPERREE 2R BALEFRAHMESL 6

S HA G AL A MEL SR G HAL .

f =alky + kx|M + alk; — k,|M + c|2k,|M = 26M
Oxx + ho O — hayy\
k1=¥,k2=\/<¥> +P209?y

@ Barlat[24]3* 1991 # 3% ! Barlat91 *% X & p|> & 2 & Barlat89

(74 3.12)

R IER] > H 2 ARt (Y 3.13)

O =1S; —S,|™+ 1S, — S3|™ + |53 — S;|™ =26™ (3¢ 3.13)

r'r'lsl ‘Sz ‘S3§~%’RE—[S]7\;—_|_%I/§" - :-é_'&f'(;\‘ 3. 14)
S11 S12 i3
S = Sa1 S22 Sa3
S31 S3z 33
[(b + ¢)oy1 — €Oy — bo3s]
S11 = 3
. [(a + c)oy; — o1y — aoss]
Sy = 3
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[(a + b)oz3 — boy; — aoy,]

33 — 3

S12 =81 =hoy; 7 S;3=831=9013 5 S3=

(74 3.15)
S35 = f033 2

BAd o tkca~brcrfrg h A2 B BB E > 7 d
0°~45"-90"2 " Rl * 2 LM fdplicr -2 A (5% 3.13)¢
M EHRARL AL S 8 2 3 (M=6)& & = 2 3 (M=8)iA-T_-

i * Barlat91 ' REP]Z & S F S 82 F %40k 3.3 977 o

% 3.3 Barlat 89 " RER| 2 HF T K 58,E F % %

Barlat 89 *% ik & p]

WA el s T s R R A
Haphd # 2 4 s &

EECSUE AR P S S o 1 o

0" ~45°~90°2_ "% K4 ~

07 ~45°~90°2 % 4 Jis % 3 %<

ki
L]
\\\?{r
&
T
ER
(w
i
=
=
g
A
|
E‘T}\‘
&k
%
gt
‘fk}
B

Hphi 05 %~ L
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3.1.4Hill48 22 Barlat91 * ik 3 p] 2 #i +

d »% Hill90 *% R P 7 % Fehd s K EF A M Sl Bl AR g
2 Hill48 2 Barlat9] " RER| S = 2 3> 5d % - F o 92 48
& & A6061-O 2 A6061-T6 2 & = w B F (" R4 ~ T HRR
b iE) ¥ i+ Hill48 27 Barlat9l * % & p % #c2 Hill48 2 Barlat91 "%
RED] S 4B 3.1 ~B 3.4 S F e FREFHELIBER

BR) 2 B ECA H w B A 45 B2 B o

Flasticity law

IHill 43 |
[ Ito-Goya plastidty |

Anisotropic type: |Drﬂ'u::trupil: j

o 067 ras |D.4 rap |0.69 1%

B 3. 1 A6061-0 2z hill48 "% ik & ] S it =

Plasticity law

IHill 43 |
[ Ito-Goya plasticty

Anisotropic type: |Orthotropic -]

o [07 s oas reofoss

B 3.2 A6061-T6 2_ hill48 " X & | e =
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Plasticity law
|Barlat 91

m

A |1.077624 B |1.087415 ¢ |0.966895
F G |1 H [0.922038

t

14
;

‘

]

B 3.3 A6061-O 2 Barlat91 "% ik ## p| $-dgeit =

Plasticity law
|Barlat 91

=l
m
A [L17191 B |1054253 c |0.954167
F G L H |0.96208

.3

%=

14

B 3.4 A6061-T6 z_ Barlat91 *% k& p| Sz =

32 4c 1A B R 2

EN

KR A SR S LR R L AR

7

2 =

FA50 - A B A ERY A2 I H IR E o MR A

vooxA

£F 2 iR ho ) 3.5 40 F o - A 1A L ER|T A L A 1
#5 A

FLAT MR GR SRR B oD AR e pew e Aot g 3 H

2
g

s

Fera gz iR &A1Y P B R A TR I foo g AL

f& e 3h

gl
%

oy

FHOE d MM ARG F RV SRR EF L -

— K '®
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REET R OIL g oo S 24 ﬁ* ARG BT LV IS B of 0
EEOY T TN Y T LR Ay SR PN
of MW of > o, 4B 3.6 o IR % T 5 ¢ F F 2T k( Bauschinger
effect) » w24t 505 A2 ¢ IR @ d %?v‘}gk[w] it
TRt s AR T de 1 A (Y B P] > T Yoshida #4460 0 H
FH¥F5IN AN B - E B R e (P2 R0

T s F RN AR LS £ A6061-T6 w B A F72. BarlE > B4FIT4E

IR

L& A6061-T6 2. & 3 sy » 112 fdik it & 2 3k 2 Yoshida

HRL R ende 1 A Y 2 B

g, -
1 F O H
G
gy
S —— iy €
0.2%

@3-5+iﬁi§"4tl,@’ﬂ,ﬁ.‘ﬁg}
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200 z
=
E 106
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% 0.06 0.04 0.02 0.02 ].04 0.06
o 106
= J°
200 —
I
206
U
True Strain

B 3.6 ## ¢ * R RI[19]

3.3Yoshida H# #5312 34
3.2.1 Yoshida-Uemori model(Y-U model)2. £ 3¢

Yoshida-Uemori model(Y-U model)[19][20] E_/& >+ g*% K& o (v
# 7% (two-surface modeling) » 3%+ AL H-3] F k £ 0R & A 1 il

(mixed isotropic-kinematic hardening) 4c®] 3.7 #77r > /& & 341 A i

=]

BRAlEE T & w4 a A i &R (isotropic hardening)!Z % # g 4v 1 &
it 2 p](kinematic hardening) » H "% iR Aj 4k & /| € 2% > ¥ F kg ¥
sy g F B de@] 3.8 7ot 0@ Y-Umodel 2% = 1 von Mises criterion

Hop kg S RN R R R AR de(R 3.16)2 (X 3. 17)#r A o
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~Q
Q

P
1 &
3 i fo
o O =B+R+ P G)
@ T A
| ® B+R,
B
l f | Oy
¥
0 B ﬁt!uw) @ [30
) - —— [}
e = g - = L i
——
0 — "r 1 ¢
®_t - % (rev)
&) B
B+R,
@ o
o (rev) J,
el ® : Oound Q 4
—
® - — . Transient @ \'
Permanent softenin Bauschinger|effect
S : ® 4 ®
Non-IH (workhardening stagnation) N
< > on-1H P
I Oy =2f,

B 3.9 k&g f(2)2 8RS K46 F(%)[20]

(7% 3. 16)&_Z_& o Deviatoric stress space * * s = Cauchy stress
deviator > a 5 Backstress deviator ¥ Y 7 " k@ ehE jE > (58 3. 17)%E
A EREREY BLERERAG Y @ BIRR G A
Rg <o) o g MR HEphe 2V 2 RGGE S FPEAp 0 " KRa g
AR RE FRM#H @ & Y-Umodel » # e/ iV % k& 6 &
* Ky g e ¥ 2 %A, 7 5 (Transient Bauschinger deformation
characterized )# 2 = i "f REFwF 4 27T Bl A Fifc (B

B gr it 4 ) » 4c BBl 3.9 2. c-d-e FFE 777 ©
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322 F RERER

+ i Yoshida #FE -3 F & LW -REGT R E T RESHE T
FUAE R Sl d i 0 2 7 R Yoshida ML BT o Flt AT TR
Pl TR RGO &R B¢ LR MTS8I0 £ @ i#5%4%
FBH A E ) 0.005Smm cid BRSO TR T BB
B B O RBPEMY RIS BEFERF L F o o P RTH
B RGBS SRR RV AREER S EALRY &
FREEFFEE A R > PR R Y RN ERFRES A2
B2 dcip B2 R 50 v RRI2LTARRs o i ¥ B s BN A PR
Wk o Bl 310 AP A G LB YRR 311 RIS4EE £

A6061-T6O & 8 » A &7 L Bl o

- -
—
0 0
<o
N 5y

& 3. 10&@55’#1?%@]%-‘?%%@[21]
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B 3.1145& &£ A6061-TO6 # 5+ & » % E 77 & B

K2 £ E & AG061-T6 &2 A6061-0 i& {7 7 I i % §° Bl 4~
JRiEB > 32148 & £ AG061-T6 22 A6061-O 2. & 3 ¥2aly > 11 % {54
> 484 & A6061-T6 2_ Yoshida HiH] » & {7 2%~10% R %

oI 2 PR ESR

3.2.1.1 A6061-O & # # [ 4% % 8% R PBE %

B 3.12 2484 £ A6061-O %40 4% 8% ETR %) 9Tk IR
2 R S A6061-0 LGl % - = 8% JATk4c 1 (8¢ MILP M
eI A IR 0 @ RN B D K 8% 1 PR 4 R AR AR

Biov IR % 2 AP 0270 270 B eniE TR Ae 1 IR % 0 4o 3.13 9T o
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true stress(MPa)

-200 5
true stain

Bl 3. 12 A6061-O i % 4= Bl 4% 8% A%k %72 & * &% Bl

400
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P
==}

|
\

L
=] q
==} ==}

(=]

-0J05 -0.03 -0.01 0.01 0.03 1 0.p5

,._
<
[==]

true stress (MPa)

P
[==]

true strain

Bl 3. 13 270 ‘b 5 % = ) 4% 8% VAT ¥, 2 64 5% W

3.2.1.2 A6061-O B%# % 0.02 5 X HEPBRE %

Bl3.14 0] 5 45 & £ A6061-0 7 2% HIRL IR 2 i+ RBFd S
A6061- O 5% - X FHh4vl € NREFHIHIPRE > HR%
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Y KBRS 4% 15 0t BTG RS S

A LA VIR o B @ h oA IR R o

150

true stress(MPa)

-150 .
true strain

W 3. 1445 & £ A6061-O % 3 B 2% R %752 4 R H

3.2.1.3A6061-T6 # F R E 2+ BRES

Bl 3.15~B 3.19 3482 & A6061-T6 7 F J& % (2%~10%)2 + &
% FER 7 Fo 3R 45 2 s Rt £ £ A6061-T6 H
Phir 0 d R EPRPEFZ Y - Ao d BT g DR R AR
- e P H P P WPEiTa e A d BV AT4EE £ A6061-T6

PSP WG B PR REF 10% S B R
g R P RS ARARA o 15 MF AR £ & AGO6L-T6 & £ § 2

¢ F Rip¥cr 2 24P & £ A6061-T6 2. Yoshida 11+ 53
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true stress(MPa)
(=]

-200
-300
-400

-500 -
true sfrain

= cyclic T/C = = uniaxial tension

B 3. 15 A6061-T6 Jis % # [l 0.02 £/ & %

true stress(VPa)

true strain
e cyclic T/C == esuniaxial tension

B 3. 16 A6061-T6 Jis % & [Fl 0.04 £ /R & %

true stress(MPa)

-200

-300

500

400

300

200

100

0.07
100

400

-500

true sirain
o oy clic T/C === e=ynpiaxial tension

Bl 3. 17A6061-T6 J& % # ¥ 0.06 /& & %
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true stress(MPa)

true strain

m—— cyclic T/C == =uniax

ial tension

B 3. 18 A6061-T6 Ji& % 4=

] 0.08 + /& 5 %

500

true stress(MPa)

-500

true strain

ey clic T/C e esynjaxial tension

B 3. 19 Bl A6061-T6 & %

3.2.3 A6061-T6 ¥

>

F

o Rt it

PR 0.1 $ RS

A2 EHLEL £ AGOOL-T6 T2 37 BB 4P L A F B

P ARG E D e F RGO T A

e
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&
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#-4f f(Loading) 8B 2 F @ AP A 4 MR EL S F v B
S0 TR A - B e F R ReiEAho R 3.200 KB TP AR BT
& ¥ i (Transient Bauschinger effect)(A fw) ~ -X A #it i* (Permanent
softening)(Bp /&) ~ 4c 1 #& % (Workhardening stagnation)(C f) % = =t *%

K gh(re-yielding)(Y)™ "% & 4L ¢ 3 24344 o

600-
= 400
~
=9
= 200
w
w2
@ H
: T T AL T
w2 -005 -0.03 -0.01 0.01 05
W
= -200
= C
l‘ 400
— B3I s
Isotropic hardening True Strain

Bl 3.20 HL & 3 Ferc 4 1 BI[19]

M A AF3 A6061-T6 2245412 BB & 3 ¥er gz £ 8 - &b it
F % A A6061-T6 7t b fl % 4 F1(2%~10%)T 2 4 ¥ &2 R 459
T oo ¥ b3l 3s k2102 270 A+ 8 k2B 58 A 4% SOOR #Hcd e
FrpgE it ehe I RATRAL G H P BRI RS ] g
B T erd) ene 3 $2% i £ (Bauschingerratio) (4 3.18) ¥ #-l A
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ZHRACET - X E RS LR om 4R E & AG061-T6 14 % 270

A 122 L8 % 5 B 4% SO0R 2 £ i Bauschinger ratio 4- ) 3.21 #77 o

<

Of—0Or

Bauschinger ratio = ;4 3.18)
ZO'f
1.1 _
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1 \
o 09 —
b= — 3 — = |
5 08
& —8—270
= ——6061.T6
M 0.6
0.5
0.4
0 0.02 0.04 0.06 0.08 0.1
True strain
B 3.21 * FRSRGe I RCBE B -
& (3% 3.18)¥ ¥ o, = —oy # Bauschingerratio=1 p* 5 & & {2

(Isotropic) > & Bauschingerratio 4%-] > ¥ & fi‘{ﬁfﬁ R R A

(op)H & AR 0P W PP T2 %K (0,) RIZTHALE 3
T A% < > & 2_ Bauschingerratio % 4%+ B & 77 #ifl & F o] o
R 3.21 ¢ 7 i@ Ag g 0 - 42 270 4% ++ 2 Bauschinger ratio i b ac

3] 0.88 5 S90R &y ac®] 0.7 @ A 7 Hi45 & £ A6061-T6 H
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Bauschinger ratio i iz ac ] 0.86 » A& Fi7 - 4 270 441 o ¥ ¢ [§]
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Y-UHHEHFI M e 2 2B S8 255 Y ~ CL > C2 >

B -~ Rsat ~b ~m ~h ~ Ea %2 ( &%#c-H? Y 5" KR

ETIRS
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9
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(2) 0.5060 < 5 <0.9560 > (3) 0.2560 < 6 < 0.9560 * (4) 0 < 6 < 0.9560 >
4o 3.25 #0700 f 0 L EATEOO)R  H kY R AR B LA

AR AoB 326 0 FiE_0.9560 B 4B ® o
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