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A study on the optimization of the aluminum multi-point ultrasonic welding by

response surface methodology
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Fig. 1 Schematic for specimens(Al) and
ultrasonic welding equipment
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Table 2 Coded variables
central composite design

and response by

%.ﬂ]— %—7& "]Z_}.‘% ?}}0}-3_3}1:}, Coded variables Response
No. X1 X2 X3 Y2
1 -1 -1 -1 7.4
Table 1 Factors and levels for experimental o 1 3 -1 20
design 3 - 1 -1 234
Level 4 1 1 -1 0.0
Factor| Factor name 1 0 1 5 3 > 1 36
Welding 6 1 -1 1 2.2
X1 0.1 0.2 0.3
pre\sl§lt)1ret(MPa) 7 -1 1 1 27.2
ibration
X2 amplitude 05 0.7 09 8 1 1 1 0.0
Welding 9 -1 0 0 15.8
3 time(sec) 0.14 0.17 ) 020 10 1 0 0 7.4
1 0 -1 0 5.4
. - 12 0 3 0 0.0
AlS Al al 7 xF
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Fig. 2 Relation between welding pressure and
average number of welded point

Table 291 A& o]&3ti, 419 IHA =
4 A3 Y, RE SRFAT s
FAxyol FAHAH H@2E TFE F Utk 4
29 834 F ZAEF test)@ AAASF
(Coefficient of determination, R®)ol °]3} Tt}
Aok AN FYFF(0)E 0062 MY,
N E A (3)e] Hi, 7174 Table 3¢ <
A7 HEHFFOE vy S o 429 39
2ol fogts ¢ 4 gty FAAAC dig AA
Age @ g8 A= HF 86.3%7F
HAth F A48 2445 ¢z 2add o 4
719 2944 AFAES HIHFE & F A
o},

a9

- 105 -



20064 E FA stEUEOs UE=F 2006 108, 4

KWS 2006-Autumn

Table 3 Analysis of variance for tensile
strength

Source of Degree of | Sum of | Mean F
. 0
variance freedom | squares | squares
Regression 9 101864 | 113.18 | 6.98
Linear 3 52456 | 174.86 [10.78
Square 3 24742 | 8247 | 5.08
Interaction 3 24666 | 8222 | 507
Residual error 10 162.61 16.22
Total 19 1180.85
k k
¥, =B+ Zﬂixi + Zﬁijxixj té
i=1 i<j (1)

¥, =13.152-6.580x, +3x, +0.4x,

+0.396x —8.505x7 +2.696x> (2)
—5.475x,x, +0.025x,x,
+0.925x,x,

F(dg, #30) = F(9,10;0.05)=3.01 (3)

R= Re gression sum of squares

x100 (4)
Total sum of squares
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Fig. 3 Tensile strength to vibration amplitude
and welding time
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Fig. 4 Optimized welding condition by minitab
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