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ABSTRACT

Aluminum alloys are used widely in energy conservation and environmental protection because
they are strong, corrosion-resistant, and resilient. For manufacturing heat-treated aluminum alloys,
stable heat treatment technologies are required, but heat treatment processes can be destabilized by
factors such as solution treatment, quenching, and artificial aging. In this study, the Taguchi method
was applied to design optimal parameters for the A6061-T6 heat treatment process. First, preliminary
Taguchi experiments were conducted to design optimal parameters for single performance
characteristics. Principal component analysis method was then used to convert the values of multiple

performance characteristics into a single performance index, which was the optimal integrated
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solution. Confirmation experiments and optimized values of single performance characteristic were

compared, and mechanical properties including hardness, tensile strength, and elongation were tested.

The results of testing demonstrated that tensile strength along the rolling (T) direction was

increased by 0.2%, and the elongation rate decreased by 1.1%. Indicator variance analysis of the

multiple performance characteristics index and the results of factor analysis suggested that the

manufacturing process was affected primarily by artificial aging temperatures. The results of

validation tests were satisfactory and lowered experimental costs effectively

Key Words: A6061, T6, Taguchi method, Principal components analysis, Multiple performance

characteristics, Analysis of variance.
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WRRS P (53 PRIV EL S T AR B
e R A (- A [ LR
TS| SPSS AFHI M 18.0 534 7 5347 £ 2 W 353
el Bp B 3 ATl O 22524 23 Fre
1122 2 i 2 % [ 55 ] #53.177 - 1,260 0.293

0.195 ~ 0.074 » 57~ = 1 [ B 57 - = w5 ) V4 By

AL PR BT SR 2 5 [ VR Bpr R D 2 Ff,[g,rgrjqfﬁ

T AR o By 2B 2 )V B R L B B

SR AR E R BT AT 2 ST ;cgﬁﬁ,%rx

I ]=[mx[x]Z g

.

X1
X2
Y1 0.809 0.803 0.500 0.917 0.887 X (8)
= X
Yo —0.485 —-0.450 0.844 0.043 0.329 3
4
X5

T M) AT > 5T Y 2 A (L S g
’I‘%?ﬁ%’ BPRUSTR AN B U B0 Hljl'ftu : 63.55%=
25.219 » FHH 188 76%{IVFIE VI RRE! » 5T 5T 2 5h
DL CE TR AR [ (N0 0 iERLET - 8T 2
DT I H IR (RIRCTY) (EEARE i ?Zﬁ, EL 21l ET
F SRR R o 52 TR T AR R R R
[MPCI]=[P]x[Y] -9 =

[MPCI]=[0.6355 0.2521]= L\ﬂ (9)
2

IS (8) % (9) TRhfT=: o5 [ B g i v
i gﬁlﬁ[ij[@zm 124 2 ff BV AR fﬁ%ﬁﬁ &t
P (R 5 4 1 TVR IR - [ e U1 2557
FT APPSO 1 58 mgpcyDy I R % 560
C oW FEES0TC - BT SRR 190C - T A I
AL B P Ry
2. REIGYSI AT

R G BT 11> TR R R S S
AT LA 55 T R 0 )
AT S 126 - ¥ SE LTV IS FUREEE] C N
SRR SRR I A R T ISR B R A
ORI LR F R 2] 74.38% ¢

I

pal

o

% 20. SN EHrgHHB!

ek BT SN b
b P B P
R THIE RS | TS LI | L s
1 31.164 47.636 13.128 48.599 11.329
2 34.587 49.058 13.959 49.951 13.979
3 34.826 48.285 14.418 49.732 16.411
4 35.821 48.520 12.380 49.293 13.643
5 35.938 49.070 13.183 49.656 16.404
6 34.826 48.413 8.974 49.117 12.963
7 36.361 49.060 15.447 49.657 17.216
8 34.908 47.912 8.355 49.078 12.229
9 35.679 48.516 9.289 49.429 12.546
F. 21 SN P ™ s BB
R TR 1 SN P =
e [rosms | 7o [Cpap[ oo
i : l fre | L
1 0.000 0.000 0.673 0.000 0.000
2 0.659 0.992 0.790 1.000 0.450
3 0.705 0.453 0.855 0.838 0.863
4 0.896 0.616 0.568 0.513 0.393
5 0.919 1.000 0.681 0.782 0.862
6 0.705 0.542 0.087 0.383 0.278
7 1.000 0.993 1.000 0.783 1.000
8 0.720 0.913 0.000 0.354 0.153
9 0.869 0.614 0.132 0.614 0.207

#.22. 25553

ERoag] HiEtm [Pt (%) | BHAEFRE (%)
i 3.177 63.546 63.546
By 1.260 25.207 88.754
Gl 0.293 5.854 94.608
P 0.195 3.908 98.516
By 0.074 1.484 100.000
%23, 2 B RIS
i Ep
Fﬁ#lwﬁ@ GI 1 ﬁij P 70
& 0.809 | -0.485 | -0.295 | -0.035 | 0.150
TH[ubid? g% | 0.803 | -0.450 | 0.292 | 0.258 | -0.019
TH[fH=3% | 0500 | 0.844 | 0.077 | 0.101 | 0.145
L [ffftdeg | 0917 | 0043 | 0215 | -0.332 | -0.029
L= | 0.887 | 0329 | -0.261 | 0.084 | -0.172
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SE T
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1 0.337 0568 0.357
2 3.041 0.092 1.956
3 2.896 0.496 1.965
4 2.323 -0.081 1.456
5 3.269 -0.004 2.076
6 1.647 -0.404 0.945
7 37 0275 2.428
8 1.776 -0.694 0.954
9 2.009 -0.492 1.153
25 S IRt
LIPS
- il
BEEE | VEOREE | T OEsaEE | T
1 1.426 1414 0.752 1195
2 1.492 1.662 1522 1.776
3 1512 1.354 2.156 1.458
Max-Min 0.086 0.308 1.404 0581
PR 4 3 1 2
#26. PEHEH R BE BT AT
T TN I R TR e
¥ i, A1 ) R F il FUitas
A 2 | 0.003 - - - -
B* 2 | 0670 | 0335 | 0418 | 2659 | 11.49%
c 2 | 2958 | 1479 | 2706 | 11.738 | 74.38%
D* 2 | 0499 - - - -
Error 0 0.000 — — — —
Pooled | 4 | 0502 | 0126 | 0514 14.13%
Total 8 | 3638 3.638 100%
* 27. Fer,%"éfﬁ’?f%ﬁ?‘“—*f (SN+PCA)
T Hff TH[f L[ L[
A | gl / :J[HJ Sl : :[HJ
Pgb e | (s | Pt | sk
fgE i | 0.890 | 1.000 | 1.000 | 0.859 0.976

FEI‘“%%E TR T AR I IR IR
’”5\7‘7}‘{&52'{ ) FE R R A T
36 AR i £ 1 2 TR S O R -
ERSBER S TR - T 1 (YR Y
ﬁ& B RIET RS 7 ff?fé[ Ffl{ Wﬁl\i{:#ﬁ@;ﬁ(gm@ MPC'S\‘gmuﬁ

g,ﬁ/p"k :

MPCl s = MPCI +[MPCI g, — MPCI )+ (MPCic, —MPCI )
=1.477+ (1.662-1.477) + (2.156-1.477)
=2.341

AR WL
sy -

1 1
Cly = _|F 1y x Vg x +—
\/ s Neff T

ﬁ@ﬁur[ﬁiﬁﬁﬁ&d% % MPClsgy £Clp Clp

(10)

V, t BB I -
Ve @ [ G
ISR

e
+ TR 5 = R A

Nefy

Meff =1

C|2=‘/7.71x0.126x[i+1] =0.929
18 3

TE95%[1Y (= fi =4l ] £ 2.341+40.929 © 1]

1.412 < MPCI?’E?HU <3.270 °

% 27 £ ji“éﬁﬁ@ﬁ%?SN B nl g = i At I st
R (8) FHETII
0.890
Y] [0809 0803 0500 0917 0.887 5
Yo | |-0.485 -0.450 0.844 0.043 0.329
0.859
0.976
:{3.676} (11)
0.320
VBRI S TR IR R R T 2 2009)
FHR
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[MPCI ;. ]=[0.6355 0.2521]x F 676} =2.417 (12)
0.320

Fli=t(12 )@TE?&'E"; BT 2 ’fllll’?’ﬂ—*‘] '[?T‘F’,%'ffd El!lﬂﬁ £ 2.417 >
Th P TL 95% (el ] 2.341+ 0.920 #FHI"| > 7%
PSR R OB [N L ﬁl?'}fm > A B AL
i ¥ -
(Z) TJ’E‘]?J?IE?E?E‘F ikAES) =L e

AR FE?JE"&%??W TGS NES ] Ul AT
B A28 > WEREER UL HTI15.7% ~ TR
P 9L SET016.9% ~ T [y {1 Ly [ bt 3
T 5ET116.3% ~ L) {F, ['HI;%Z:}’«EI&‘?—F‘: 6.3% -

Flik 20 H A1 HFEFaﬁfﬁ?Fﬂ (TEENIEER e s
ﬁﬂ/ﬁfiﬂ{ﬁ&:\fhﬁijp T R R BT 0.2% T R
[’Hl;‘%}?ﬂé% 1.1% -

t'i’sr:, 10% ~

220, TERVR SER- T 150
fif P 1 T | e | S
ff%: (HRE) 56.444 65.333 +15.7%
T [ 9vE (Mpa) | 266.631 285.047 +6.9%
T Hipffi=a (%) 0.257 0.157 +10%
L Hfffefr 9% (Mpa) | 295.137 313.812 +6.3%
L B[R (%) 0.203 0.140 +6.3%

#.20, TERAERT SIET- ATV LR

T B | ERIGR | S
% (HRE) 65.833 65.333 -0.7%

T b i (Mpa) | 284.393 285.047 +0.2%
T Hp =S (%) 0.168 0.157 +1.1%
L Pt % (Mpa) | 314.466 313.812 -0.2%
L 4iss (%) 0.138 0.140 -0.2%
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() AR R =
1 R
ﬁ?aﬁ‘ 3 £h AB061 fﬂfﬁ ST {f' I Edji’s%il S e
FERERSEE = W 3 (@) FLA RSV R R > i SRR g,
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C/100min/WC + 175°C/10hr/AC )> i s 7t ;,g,ﬁ E [ FEIRERY
PretPree FLEAEHE & iR 3 (b) A - [l 3 (c) B
[‘:ﬁ'i?ﬁ'ﬁz?i' P R TR 70°C o iy T S
HIE 2 [ R OB FLESATETpOp R =T 25T 3 (b)
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PR E RS D T RIS RS R T R 4

Eﬁ o

JE’ A FEFH o
105 :
1
100 —a—RT \
—e—50C| |
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& gy e A Sl e el e i |
Z
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= |
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0 : AAG6061
1 Annealing : 430°C/3hr/FC
65 : Solution condition : 530°C/100min/WC
é Aging temperature : 175°C/AC
60 T T : T T T T T T T T
-1 0 1 2 3 4 5 6 7 8 9 10 11

Aging Time(hr)

' 4. AG061 SRR ISRV PVIRIE Y5
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