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INTERNET DATABASE
OF ARC SURFACING PROCESS USING FLUX-CORED WIRES
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A significant volume of work was performed on arc surfacing with application of self-shielded flux-cored wire on flat
and cylindrical surfaces of workpieces by an open arc, submerged arc and in shielding gas atmosphere, in a wide range
of voltages and currents of the arc, with different wire diameters and at different deposition rates, in order to use the
experimental material to develop algorithms for automation of the technological process. The paper presents a solution
on systematization of the data, obtained as a result of experiments, which allowed all the investigation participants to
have remote access to the Internet database for its expansion, correction and analysis. 8 Ref., 3 Figures.
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Integrated automation of nonlinear multifactorial tech-
nological process of arc surfacing of metals requires
involvement of considerable mathematical and compu-
tational resources on modeling relations of a large num-
ber of parameters, part of which can be obtained using
sensors, and the other part by indirect method, using the
apparatus of regression analysis, neural network tech-
nologies, fuzzy logic, etc. In addition to that, opti-
mization of the process is contemplated, and in this
case optimization will be multicriterial, that greatly
complicates system synthesis. Recently, the synerget-
ic principles of synthesis [1] are ever more often used
for automation of «dissipative systems», to which the
arc process belongs. These principles allow stabiliz-
ing the relationships between the variable states of the
process. The consequence of this fact is degeneracy
of the equations of dynamics of arc surfacing pro-
cess and presence of integral invariants of manifolds
in the space of its states. Invariant manifolds repre-
sent «certain functions which do not change during
movement» [2]. Such approaches to automation of
nonlinear objects greatly simplify the system synthe-
sis and can be used for reaching the ultimate automa-
tion goals, i.e. improving the manufactured product
quality with maximum energy saving. However, they
require conducting a considerable number of experi-
ments for analysis. A large scope of experimental arc
surfacing with flux-cored wire of flat and cylindrical
surfaces of products has been performed to obtain
data characterizing the arc surfacing process, which
furtheron will be used for analysis and synthesis of
an automation system. Open-arc, submerged-arc and
gas-shielded arc surfacing was performed in a broad
range of voltages and currents of the arc with different
diameters of flux-cored wire and at different deposi-
tion rates. Quality characteristics of the deposits and
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deposited beads were obtained, which are particularly
significant for process automation.

The objective of this work is compiling an Internet
database of the results of experimental arc surfacing
with flux-cored wires for remote sharing during de-
velopment of a system of automatic regulation of arc
surfacing process.

Figure 1 shows a list of input and output data of the
process of arc surfacing. The following process param-
eters are input data for the process: kind of surfacing
(open-arc, submerged-arc or gas-shielded surfacing),
flux-cored wire grade and its diameter, electrode ex-
tension, deviation from the item equator (for surfacing
on cylindrical surface), etc. Controlling parameters are
the position of manual device for setting power source
voltage, position of manual device for setting electrode
wire feed and position of manual device for setting the
deposition rate on the unit control panel.

During preparation for experiment performance,
software was developed within the framework of au-
tomated acquisition of statistical data [3], which pro-
vided monitoring and digital recording of the follow-
ing parameters of arc surfacing process:

e instantaneous values of power source voltage
U,.0;

e instantaneous values of surfacing current I (t);

° Up.s(t) and 1 (t) values average over surfacing time;

e instantaneous values of arc voltage U (t) and arc
current I (t); here U (t) and 1 (t) values were deter-
mined by excluding from Up.s(t) and 1 (t) values the
voltage and current values in the time intervals of ap-
pearance of short-circuits (ShC) and arc breaks;

e arc voltage and arc current values average over
surfacing time;

e manual entering and recording of settings of arc
voltage and current voltage;
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- drop transfer mode;

- MRS of welding voltage;
- MRS of welding current;
- MRS of arc voltage;

- MRS of arc current;

- average ShC duration;

Bead U

- average ShC voltage;

Main output parameters
- FBM;
- bead width;
- bead height;
- bead formation;
- porosity;
- loss factor;
- deposition efficiency;
- other...

- average ShC current;

- RMS of ShC duration;

- RMS of ShC voltage:;

- RMS of ShC current;

- average duration of arc breaks;

- RMS of arc break duration;

- coefficient of process instability;
- other...

Figure 1. List of input and output data of the technological process of arc surfacing

e manual entering and recording of values of the
position of manual device for setting power source
voltage P, position of manual device for setting elec-
trode wire feed rate P . and deposition rate V, ;

e ShC duration average over surfacing time;

e ShC voltage average over surfacing time;

e ShC current average over surfacing time;

e duration of arc breaks average over surfacing time;

e calculation and recording of such statistical param-
eters as MRS (mean-root-square error) value of welding
voltage and arc voltage; MRS value of welding current
and arc current; MRS value of ShC duration, voltage and
current; MRS value of arc break duration;

e coefficient of instability of electric parameters
of surfacing;

e type of metal drop transfer: globular, drop, fine-
drop or spray;

e calculation and recording of evaluation by average
duration of arc breaks. The following states were de-
termined: «no breaks», «allowable number of breaks»,
«considerable number of breaks», «many breaks», «a
great number of breaks» or «process is unstable.

During experiments, surfacing time, kind of sur-
facing, flux-cored wire grade, wire diameter, electrode
extension, kind of workpiece surface, deviation from
zenith of a cylindrical billet were recorded. Deposited
beads were photographed, and time chart entries were
recorded by such parameters as instantaneous weld-
ing voltage and welding current, instantaneous arc
voltage and arc current.

At the end of each surfacing operation surfacing
protocol was automatically generated in the form of
a text file.
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Results of expert evaluation of the deposited beads
were used to determine the quality of bead formation
as: «poor», «satisfactory» or «good»; presence of pores:
«no pores», «individual pores» or «numMerous pores».

Processing macrosections yielded such parameters
as: «fraction of base metal in the deposited metal»
(FBM); bead cross-sectional area, bead width, bead
height and penetration.

Analysis and processing of experimental results
yielded a lot of data on interconnection of various pa-
rameters, regularities of their change, depending on
initial input conditions. This was recorded [3, 4] in the
form of various graphs, figures and tables.

It resulted in obtaining data on arc surfacing of
about 250 experimental beads, each of which is char-
acterized by about 50 values of the above parameters
unique for each bead, i.e. approximately 12500 data
points [3]. By their structuredness, these data com-
pletely correspond to the definition of normalized re-
lational database [5, 6], i.e. these data can be placed
in a two-dimensional table, in which the relationships
between information are fully defined. Marking the
deposited bead is the primary KEY for such a table.
Unique parameters, inherent to just this bead, are
placed in the table rows in the corresponding cell.
Markings are stamped on the item near the bead with
shock markers for metal so that the marks did not dis-
appear at further cutting and processing of the items.
The database has the following structure: OBJECT is
the bead; ATTRIBUTES are all the above-listed pa-
rameters, characterizing the deposited bead. In the
Table the number of rows (entries) corresponds to the
number of deposited beads, and the number of col-
umns (fields) corresponds to the number of attributes.

39



INDUSTRIAL

|REFVCW Vickans Database

R | % | € | & | w

ad| a= | o [pe| o | X | L] < |mw]

e S e

||'|?

219

220

21 JesaLias
{ | i | ol | > | 21| 71| BE] 2G| o2 ] =] >

Mapruposka Bansa |1- 18 :I ﬁ r

Ne nkn !4 4 L

Dara wannaerku |08.10.2014 ~ N

Wris padina peructpaumu !_12 :i & r

Bowen B cTaTHCTIRY, naa‘He’r! 72 r

Tun nposonokM Enn.m‘[gg ,LI aﬂ i

DNuameTp NpoBoNoKM, M |~| 8 ~| 5{ =

CropocTs Hannaskm, My igg LI ﬁ r

Branet 3 nexTpaaa, mm l-|5 :I &i r

Bua nannaeku IDtxpur!aﬂ ayra | = r

Tok la. A I‘|9.1 44 |

Hanpswerue U, B _!25,9 @4 B

23 K auecTe0 Poprup. Bamika ;‘m $ =
Hammae nop [eeomops <] & T
| || Tun kanneneperoca KanensHei ~ &
|[[{Hamrsie ofpeieos ayru Mpouecc Hectabunen | N r
SavemePu.8 B & r
3naverme Pvp, B I-iﬁl— 4
1OM, % B & r
MNnowaae cey, Bamxa, Mm2 !i‘lﬁ— &4 I~
Wipsesa OCHOE. BamKa, MM l[-'|_2—5‘—- a4 r
NuanasoH ana Toka, A 185..194 | SN
Nuanasox ana Hanp., B 265..269 ¥ & r
Mone 6 I I
None 7 r I
Poro Bankka a 1= r
MNporoxon Hannaexku :f] = I
P aiin PowerGral = (=] {
P ain Excel m) e
Boero2z  [B e [ 0 Hai il

a

0

Figure 2. Arc surfacing database created using VCW VicMan’s DataBase

Known are examples of databases of the modes
of CO, arc welding, submerged-arc and inert-gas
arc welding [7], which were developed on the ba-
sis of specialized software, suitable for application
for the range of products, characteristic for this ma-
chine-building plant, and only within this plant. This
software, however, is not suitable for collective study
of the technology of self-shielded flux-cored wire arc
surfacing with the purpose of process automation.
Figure 2 shows the main form of the control sys-
tem of VCW VicMan’s DataBase (further on DBCS)
which we used initially for systematizing and inte-
grating (in the form of surfacing database) all the data
derived as a result of experiments. DBCS is simple
and very flexible for creation of small relational da-
tabases. It allows creating up to seven types of fields
(text, graphic file of any format, in the form of a list,
in the form of a flag, etc.). It allows editing the da-
tabase, exporting it into a file and importing it from
a file. It searches the text fields and sorts the entries
in the required order; exports the database into Mi-
crosoft Word, Excel, into DBF and HTML format
files. It, however, has a limitation by the number of
fields — up to 30 ones (in this case about 50 or more
are required). Here, as shown by practical work with
the surfacing database, it is very often necessary to
perform computations, using the data in the tables,
for instance, determine the sum of the selected data,
determine the value of autocorrelation or cross-cor-
relation coefficients. However, this DBCS does not
have such a capability. Therefore, it is necessary to
export data into Excel program, which has a sufficient
arsenal of tools for analysis, computation and visu-
alization, and to perform the required computations
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in this program. Moreover, VCW VicMan’s DataBase
cannot be placed in the cloud Internet resource, and
without it, under the present conditions, it is impos-
sible to organize efficient collective research on the
defined problem. For its filling and analysis the arc
surfacing database requires participation of different
groups of experts, specializing in certain areas of the
work on the defined problem. And this work should
be performed from different workplaces.

Internet database (cloud database, web-database) is
the electronic distributed database, accessible through
the Internet, unlike the lumped databases, accessible
only in an individual computer or on the storage de-
vice connected to it, for instance, compact disc. Such
databases are located on servers, fitted with a web-in-
terface that allows access to them using widely accept-
ed software through one of the public web-browsers.
Intensive introduction of services for cloud computa-
tions by providers, led to Internet-databases becoming
increasingly in demand. Such services, as Amazon
Web Services (AWS), Google Cloud SQL, Microsoft
Azure, SAP, Oracle, etc, operate in the cloud database
market. They are attractive for customers with bases
having a large distributed volume of data, for whom
such cooperation is cost-effective.

A relational database can also be created in Mi-
crosoft Excel software package. In this case, Excel
will perform, in some sense, the role of DBCS un-
characteristic for it, but, nonetheless the one it often
plays [8]. If the relational database created in Excel,
is not normalized, i.e. has several values in one cell of
the table, then an additional table has to be compiled,
which is linked to the first one, that complicates work-
ing with Excel as the database control system. Now in
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Figure 3. Some database functions, realized in Google Tables: a — sorting function; b — filtering function

our case, the surfacing database is normalized, and it
can be placed in one table. Moreover, if required, hy-
perlinks to a graphic, text or other document, as well
as the executed file, can be entered in the table fields
that is very convenient, but searching by these fields
is impossible in Excel.

At present Google Drive cloud resource provides
for free use of more than 15 GB of cloud memory for
secure file storage, including Microsoft Word, Excel
documents, photos and videos. Thus, it enables other
users looking through, editing and copying the docu-
ments. Google Tables application allows working with
Excel files quite comfortably, practically no worse than
in Microsoft Office Excel. It is possible to work not
only on-line, but also off-line with subsequent syn-
chronizing with Google Tables, when you turn on the
Internet, as well as to work on the smartphone, with
installed OS Android 4.0 and later versions. Moreover,
Google Tables supports simultaneous joint work with
tables of an unlimited number of employees, who re-
ceived the right of access from the administrator.

Cloud database of arc surfacing results, creat-
ed in Google Tables, allows editing, managing, and
sorting the data (Figure 3, a), filtering it by columns
(Figure 3, b), as well as generating reports based on
data stored in spreadsheets. Results can be manually
entered into the database, or imported into the Google
Tables. If the data pertain to other programs, then be-
fore importing, they should be saved in Excel format,
and after that imported into Google Tables. Google
Tables application allows computing the result by the
most diverse criteria:

e sum — data is summed;

e count — number of cells in the numerical range
is counted;

e average value — mean arithmetic value is calcu-
lated for the selected data range;
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e minimum and maximum values — shows the
lowest and the highest values in the selected range;

e product — calculates data product;

e standard deviation — assesses the standard de-
viation in a sample;

e dispersion — assesses the dispersion in a sam-
ple, etc.

Conclusions

1. Capabilities of Google Tables Internet resource for
creation of a fully functional cost-effective database
of arc surfacing process for shared use were studied
and confirmed.

2. An Internet database of the results of the pro-
cess of experimental arc surfacing with flux-cored
wires was created for its remote sharing in order
to develop an automatic system of regulation of arc
surfacing process.
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