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Application of Plackett-Burman Model in Welding Experiments

—Effects of welding parameters on bead shape in Cu-Ni PULSE MIG process—
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Abstract

The purpose of this study is to reexamine our test method in the light of statistical methods for

data interpretation.

Our trial to apply Plackett-Burman statistical model in multifactorial welding experiments shows

that it saves much time and cost and extracts very accurate results.

In this study, the parametric effects of bead shape on pulse MIG process in Cu-Ni alloy are

investigated for verifying our trial.
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Table 1. Design Table for Plackett-Burman
Trial (L=2)
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Fig.1. Complete design for L=2, N=16
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Fig.2. Design block for L=2, N=16, #=09.
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Table 2. Independent variables for Plackett-
BurmanTrial Design
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2752 250]4 ) AE o] L3}e] bead on plate
Variables ‘ Level Lgie)l Ao w FYaA stgoew, = QR fshA {iller
Peak Current(A) 300 400 metal}e] &z 4]-& Table 3] ebviglch
Average Current(A) 140 180 Hlol = ¥ Ak vle] =& (width)=} o] (reinforce-
Welding Speed(Cm/min. ) 30 40 ment height), 297 o] (penetration depth)E o 7
Electrode Extention(mm) 18 22 A 4% F HTE At
Frequency(PPS) 60 120
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Fig.4. Design block for L=2. N=12. n= 7bsteE R o2 Vel
Table 3. Base, Filler metal chemical compositions
Elements Chemical Compositions wWt(%)
Description ¢ ' Mn ’ Fe [ P ) S ’ Si 1 Cu [ Ni [ Al l Ti
st gl 01d 104 rem| 00w oo00f 02 - - - =
Filler metal 0.02 2. 46 0.15 0. 007 0. 001 0.18 rem 63. 17 0.21 1.86
(ERNiCu-7) | , |
Table 4. Welding condition and Measured Result
P"ge;l;griil l Test Condition Result
(N=12, L=2 } PXI:;H; ﬁ;/ne; ggiledd g(et(:etrl. Frequency g?g?h g:;*%?tf“ Penetration
n=5) A (A)  |(Cm/Min)| (mm) (PPS) (mm) g:fmg depth(mm)
- | 400 140 40 18 60 8.8 2.6 1.0
-t 400 180 30 22 60 13.4 2.5 1.6
—dE—+ 300 180 40 18 120 12.9 2.7 0.8
+ -t - 400 140 40 22 60 8.7 2.7 1.0
e e i 400 180 30 22 120 13.5 2.5 2.2
+ 4=+ 400 180 40 18 120 11.4 2.3 2.0
i e 300 180 40 22 60 12.3 2.5 1.7
— =+ 300 140 40 22 120 8.8 2.7 0.9
—_——— 4 | 300 140 30 22 120 10 2.4 1.1
ot i 400 140 30 18 120 8.2 2.5 0.5
-+ -—= 300 180 30 18 60 13.5 2.5 1.5
————— | 300 140 30 18 60 11 2.5 0.7
Journal of KWS Vol.5, No.4, Dec., 1987
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Table 5. Correlation coefficient

DEPENDENT VALUES

INDEPENDENT VALRIABLES

CORRELATION COEFF.

BEAD WIDTH PEAK CURRENT —.19
BEAD WIDTH AVERAGE CURRENT .9

BEAD WIDTH WELD'G SPEED .99
BEAD WIDTH ELEC. EXTENSION .03
BEAD WIDTH PULSE FREQUENCY .13
REINFOR. HEIGHT PEAK CURRENT .15
REINFOR. HEIGHT AVERAGE CURRENT —.29
REINFOR. HEIGHT WELD'G SPEED 42
REINFOR. HEIGHT ELEC. EXTENSION 14
REINFOR. HEIGHT PULSE FREQUENCY .15
PENETRATION PEAK CURRENT a4
PENETRATION AVERAGE CURRENT .73
PENETRATION WELD'G SPEED .11
PENETRATION ELEC. EXTENSION 27
PENETRATION PULSE FREQUENCY .06
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Fig.5. Effect of peak current on bead shape

Extension 18mm, weld speed 30cm/min, Ar gas
flow rate 18//min, average current 150A¢ 94 x
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Fig.6. Effect of average current on bead shapes.
Peak current 400A, extension 18mm, weld speed
30c¢cm/min Ar gas flow rate 18//min2] Z7 6 A,
average currentE W3 A% -9, average current
7t S7kgte wel o]l =Fst 24l el A S}
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Fig.7. Effect of weld speed on bead shape
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Fig.8. Effect of electrode extension on bead shape.

peak current 400A, average current 140A, weld
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