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INVESTIGATIONS OF WELD SEAM WIDTH VARIABILITY
DURING SHIELDING GAS MIXTURE ARC WELDING

Variability of weld seam width during shielding gas mixture arc welding is experimentally investigated in
the article. Adequacy of normal statistical distribution application to the variability of weld seam width with
utilization of histogram, normal-probabilistic graph, Kolmogorov as well as Shapira-Wilk goodness-of-fit
tests, and omega squared, is proved. |dx.doi.org/10.29010/082.9]

Kmouesvie cnosa: statistical distribution; weld seam width.

Introduction

Utilization of statistical methods permits to take
into consideration the variability of controlled
indices which is the main objective obstacle for the
product quality requirements fulfillment. The vari-
ability may result in non-fulfillment of requirement
connected with the item ability to operate, i.e. results
in the defect originating. The more complex is tech-
nological process basis, the more is variability of the
products quality with this process. Seam formation
processes during arc welding have enough complex
nature which includes physical-chemical, metallurgi-
cal and mechanical transformations. As a conse-
quence, the weld seams are characterized by relative-
ly high variability of the quality factors and this
result in necessity to use the statistical methods for
the indexes variability investigation.

Problem Statement

Determination of statistical law, which describes
adequately the weld seam variability, permits to evalu-
ate the welding process ability to fulfill requirements
regarding the weld seam dimensions, to simplify the
adjustment of welding equipment for specified welded
joint dimensions, permits to determine the welding
modes parameters range in which the weld seam vari-
ability is within the statistical error.

The work goal is the experimental investigation
of the weld seam width variability and establishment
of statistical law, which describes adequately this
variability.

Main Part
The welded joint defects include the deviations

from the established standards and technical require-
ments, which reduce the strength and operational reli-

ability of the welded joints and may result in destruc-
tion of all the construction. According with ISO 6520-
1:2012 "Welding and allied process. Classification of
geometric imperfections and integrity in metallic
materials — Part 1: Fusion welding", all welded joint
defects are subdivided into six groups:

- cracks (100) - is a defect of welded joint in form
of rupture in the weld seam and (or) in zones adja-
cent to it;

- pores (200) - cavities, filled up with gases;

- solid inclusions (300) - solid foreign substances of
metallic or nonmetallic origin in weld seam metal;

- lack of penetration and incomplete fusion (400) -
deepening along weld bed or incomplete fused surplus
of incomplete fused metal;

- deviations of form and dimensions (500) - devia-
tion of forms of the weld seam external surfaces or
geometry of the joint from the value established;

- other defects (600).

One of the weld seam defects is the 513 defect -
deviation of width from established value along the
weld seam. Necessary values of weld seam widths are
established by the designer on a base of appropriate
requirements of standards.

Experimental investigation of weld seam width
variability is carried out by weld bed fusing onto the
plate of 3x150x300 mm dimensions made of St3sp
steel. Before the fusing the plate was scraped from
rust and dirt. Electrode wire of Sv-08G2S (GOST
2246-70) trademark dia. 1.2 mm, 82% Ar + 18% CO,
shielding gas mixture, Fronius VarioStar 2500 semi-
automatic welding machine and ADG-502 welding
tractor were used

Requirements formulated by intergovernmental and
American standards regarding the seam dimensions onto
3 mm thickness main metal are in the Table 1.

During the experimental investigation the current
strength was changed in the range of 150 - 190 A. For
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Table 1

Requirements for welded joint according to the GOST 14771-76 and AWS — AWS D1.1/D1.1M:2010 [1,2]

Assessment criterion GOST 14771-76 AWS - AWS D1.1/D1.1M:2010
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Fig. 1. Schematic view of weld seam width measuring

all welding current strength values investigated such
process parameters as welding rate V., = 6.2 mm/s,
shielding gas flow rate ¢, = 12 1/min, welding wire
diameter d,,= 1.2 mm, electrode overhand /,, = 12 mm,
were unchanged.

Variability of weld seam width was investigated by
IIIIII-1I-150-1P67 electronic slide gauge with 0.01 mm

scaling factor in weld bed cross-sections
8

In order to check the distribution normality by
graphical methods the welding beds were fused under
parameters of the first welding mode I, = 170-175 A,
U,,=184V,V,  =65mm/s.

The histogram graphed using the experimental
data for weld seam width variability is presented in

Fig.2.

formed under prescribed welding mode
parameters (see Fig. 1).

Weld seam width refers to the quantita-
tive continuous statistical evidence. Under
non-changed welding conditions the weld
seam width changes under the simultaneous
action of great number of factors, that is evi-
dence in favor of such fact that weld seam
width changes by the normal distribution law
[3 - 5]. Nevertheless, such statement is the
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hypothesis only, which needs the verification. 2y 77 |

The hypothesis of normality of weld seam .| // / |
width values distribution was checked by us. ,.-’ n
Graphical methods (histogram method and 0 ’Jﬁa 4 v oo . g
normal-probabilistic graphs method) and cal- ’ ’ ' e ’ ' ’

culation methods (Kolmogorov criterion,
Shapira-Wilk criterion, and omega squared
criterion) were used.

Fig. 2. Histogram of weld seam width variability:
1 - number of investigations; 2 - width, mm
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According to the calculation
results, at all current strength values
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the weld bed width has normal distri-

bution law. At I, = 170-175 A under
Shapira-Wilk criterion only, the
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hypothesis of distribution normality is
faulty. Because all other methods
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brought the positive result, the

hypothesis of statistical distribution of
weld seam width values for this current
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Conclusions

It is demonstrated, that under arc

welding in 82% Ar + 18% CO, shield-
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Fig. 3. Normal-probabilistic graph:

71 - normal value expected; 2 - value investigated (width)

The histogram obtained is close to symmetrical
one and fits in normal distribution curve (shown by
red color).

The data under which the histogram is plotted
down are transferred on normal-probabilistic graph
(see Fig. 3).

Points on the graph are situated near the line corre-
sponding to the normal distribution (red color). Thus,
both graphic methods show that the distribution nor-
mality hypothesis is verified.

For additional verification of distribution normali-
ty hypothesis the calculation procedure by goodness-
of-fit criterion is used by us. Data for seam width under
the first welding mode are supplemented with data
under the second welding mode I, =150-155 A,
U,w=166V, V ,= 498 mm/s and data under the
third welding mode I, =185-190 A, U, = 20.8 V,
V3= 9.7 mm/s. Results of calculations under Kolmo-
gorov and Shapira-Wilk criterions, as well as under
omega squared criterion, are in the Table 2.

ing gas mixture in the range of weld-
ing current values 150 - 190 A, the
variability of weld seam values is
described adequately by the normal
distribution law.

It is advantageous to concentrate
further investigations on investigation of change-
ability of other quality factors of weld seams.

6,8 6,9

Nomenclature

I, — welding current strength;
U, .. — voltage nominal drop onto welding arc;

nom

V. — velocity of welding wire feed.
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HanionanpHuii TexHiyHMii yHiBepcuTeT Yikpainu <« KuiBchkuii mosxitexHiYHuil iHCTUTYT iMeHi Irops
Cikopcpkoro». Ykpaina, M. KuiB

JOCJIAKEHHA SMIHIOBAHOCTI ITMPUHU 3BAPHOTO IIIBA
IIPU AYTOBOMY 3BAPIOBAHHI ¥ CYMIIII I'A31IB

B po6omi excnepumenmanvno 00Cioxncena IMiHIO8AHICMb WUPUNU 36APHO20 WEA NPU 0Y2080MY 36APIO-
6aHMI Y CYMiwli 3axXUCH020 2a3y. 3 BUKOPUCMAHHAM 2iCMOZPAMU, HOPMATILHO-IMOBIPHICHO20 epadiKy, Kpume-
piie 3200u Koamoezoposa, Illanipa-Yinka, omeea xeadpam doxazana adexeamuicmv 3aCmMoCy6aHHs HOP-
MANBbHOZ0 CMAMUCIMUMHO20 PO3NO0INY 00 3MIHIO8AHOCME WUpuHU 36apH0o20 wea. |dx.doi.org/10.29010/082.9]

Kmouosi crosa: cmamucmuunuil po3nooiL; wupuna 36apiozo wed.
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