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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
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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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Fig.3. Illustration of various correlation between
x and y.
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(R=1: perfect correlation, R=0; No correlation,

=-1: negative correlation)
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Table 2. Independent variables for Plackett-
BurmanTrial Design

GE-oAG HYE

s
g

pulse frequency @ sl AR F7-S G}

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
12345 4. A|lgZ@nt ¢ DE
T+ =+ =]+ + -
244+ —F |-+ 4+ — Table 4] 7+ A@z7 9 A=A E Jepbisleh
NN IR ole Ashzie el 2364 AH 4B
RPN R 4% 3 A3s} Table 56 vherlgleh
[ RIS I Table 59 A3}E xw, wlo]=%2] 7§ average
6+ 4+ + — - - current®} s}A Z AaaAlE Bol& b, peak
T—+++ -+ +—+—= current®} speed &9 AgpHAAE Bolw oz
§——+++-++—-+- Ve via gl =k
L A o= ol AMALT Wi At
10+ ———+|++—-+++ UsAl Eluba glon, speeds] Wl mE mlzbg Ao
M—F - ==+ ++—++ 2 Jerde.
R 8917 o] & average currenty} E73bd, ZA F
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
I 180 40 18 120 12.9 2.7 0.8
+ -+~ 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

o]4e] P-B trial test Z3ME, S F-+4 4|E
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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
738k A, peak current wi3le] u}E w]e] = 3 alw
3-E ¥+, peak currents} 571§ wlz), wlel=
Z-9] Zp4yh ARl peak currentyt FrbEle,
AAsHA K= 217171
current7} 7FA43HA] %t} ® o] = ol§k pulse ampli-
tude®] &7} peak currente] A2
tion time)-Z Z+AA]7] =29 arc plasma®] Fo] b
4357 57,9 geba] vle] = Fo] et average
currentzt dAshee, FAolsh Folk T wWalE
2ol @akeh

z9 currente A frequency 60pps?]

average currents 2] ¢ base

F2} A] 7+ (dura-

ulo] £ o]
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120pps 2.v} = 72 60pps?] plasma o] 120pps?)
plasma® ¥} 7] o) FQldl, ¢|& frequencys} =
7hgel] w-& peak currente] A9 cycled -§-x]4] 7t
(duration time)e] ztF43hd] 7] ol gkc}. 69

13 60PPS — o
120PPS — & oA
124
114 &
Ef 10 el
Egg R o
— N
8 4
79 o
55 3
EE 2 hﬂT@—o a0 A0 A0L
DO 1
&
v 2
- |
Lte A
g;g 1_#5 s0 A0 40
g o
unit:mm 120 140 160__ 180

AVG. CURRENT( &)
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}
B AE Holm g, dlolzmkell & ol
= Holx &oreh D8 wluld] pulse MIG £ A
4= standard MIG 2o u]sle] average current
g} vlel=ipo] Abole) FARA L ZA QLe T S
et
Peak current 400A, xetension 18mm.
current 140A, Ar gas flow rate 18//min2]

average
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Fig.7. Effect of weld speed on bead shape

o) A weld speed® W 4| AL, wjo]lmEe i

= @A vel=xol W Bolzel & Wit
4l el
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Fig.8. Effect of electrode extension on bead shape.

peak current 400A, average current 140A, weld
speed 30cm/ming] Z A4, electrode extensiong-
#3HA7 %5, extensione] Ae}A4E uo] =B}
S ol Frhele, wlo]l= welw F AlE X
E S

o] wire extensiond] uw}Z average current®]
kel 71818k 2 o 7, average current®] 7 -$9} Fd
7 814 o2 o

o] Ao Al B =, P-B trial test Z 3o} AA A&
Ao AN AT ¢ 4 9o, o= v ¥
w} o} $2] 8 (multifactorial experiment)e] 4] P-B
2dlg] Age o) $ Fabdelm AAH AP

FAE AT AR
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s}w], average currents}

o, BAEA Adolzz Y4 dAd st
gk,
% 7]
A FFAALTLE &

1. C.S. Chai, T.W. Eager, “The Effect of SAW
Parameter on Weld Metal Chemistry”, Welding
Journal, Vol.59(3), (1980), pp.93-5-98-S.

2. R.L. Plackett, J.P. Burman, “The Design of
Optimum Multifactorial Experiments”, Biome-
trika, Vol. 38, (1946), pp.305-325.

3. C. Lipson, N.J. Sheth, “Statistical Design and
Analysis of Engineering Experiments”, Mc
Graw-Hill (1973).

4. R.E. Walpole, R.H. Myers,

Statistics

“Probability and
for Engineers and Scientists”, 2nd
edition, Macmillian Publishing Co. (1978)

5. A.H. Bowker, G.J. Lieberman, “Engineering

Statistics”, Prentice-Hall. (1963).

Journal of KWS Vol.5, No.4, Dec., 1987



PLACKETT-BURMAN MODEL- o] £ Cu-Ni 3¢ PULSE GIM&-% wi<=s) 4 53

6. A. Lesnewich, “MIG Welding with Pulsed 9 2pgaldl”?, oM a2z, Vol 31(2),
Power”, WRC Bulletin (170), (1972). (1983), pp.20-27.

7. Welding Handbook, “Welding Processes-Arc and 9. E.H. Paggett, W.E. Zircher, “New Develop-
Gas Welding and Cutting, Brazing, and Solde- ments in Pulsed Spray Welding”, Welding
ring”, Vol.2, 7th Edition, AWS, pp.137-142, Journal, Vol. 49(10), (1970), pp.780-787.

8. WFRHE, “Pulse MIG. MAG &A1 59 AW

KRB GEE 5%, 438, 19874 12



