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The need for welding coordination is due to the significant
risks of non-compliance with the requirements for welded joints.
It is known that the request of coordination standards in welding
streamlines the work of ensuring the quality of welding, it is pos-
itively perceived by customers and other stakeholders. Howeuver,
the effect of systemic welding coordination on objective indicators
of the quality of welded joints during production requires detailed
studying.

The comparative statistical analysis of the effect of systemic
welding coordination on the level of welded joints’ quality was
preceded by the process-oriented development and implementa-
tion of a set of procedures for the coordination of welding opera-
tions in the production of welded frames. A scheme of interac-
tion and the classification of coordination procedures in welding
have been proposed. The procedures were divided into three
groups. The first group includes long-term welding quality proce-
dures. The second group is the procedures for ensuring the qua-
lity of welding in the execution of a Request (Order, Contract).
The third group consists of procedures to ensure and improve
the quality of welding a joint. The implementation of regulatory-
oriented content of the procedures ensures the admission of per-
sonnel with necessary qualifications, the application of appro-
priate welding equipment, materials, technical documentation,
thermal treatment, technical control. All this together ensures
that the requirements for the welded joint, the specified thickness
of the main metal, the type of a joint and seam, are met.

Data on the quality of welded frames during production were
obtained prior to and after the introduction of the international
standards of welding coordination. Using the Shewhart charts
has shown that ensuring quality by the welding coordination
could stabilize the welding process, translating it into a statically
manageable state while doubling the proportion of nonconforming
units in the sample
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1. Introduction

Widespread use of welding processes, including the produc-
tion of potentially dangerous articles, determines the significant
risk of violating the requirements for welded joints. This leads
to the active development of international standards governing
both the welded joints and welding processes and the quality
assurance functions by welding engineers and technicians.
That renders relevance to the research into the possibilities of
comprehensive introduction into welding production of modern
procedures to ensure the quality of welding by welding coordi-
nation and assess the impact of the system implementation of
welding coordination on the level of quality of joints.

2. Literature review and problem statement

Equal strength of the welded metal is the main require-
ment for welded joints. To determine the strength properties
of the metal of a welding seam, it must be destroyed. In this
case, we learn the strength properties but lose the welded joint.

The issue is complicated by a significant decrease in the
strength characteristics and stresses in the area of the ther-
mal influence of the welded joint [1, 2]. It is impossible or
difficult to fully define the properties of a welded joint’s
metal without its destruction. This makes the welding
process a special process and requires a set of mandatory
measures aimed at reducing the likelihood of defects and the
strength reduction of a welded joint’s metal. These measures
include both mandatory validation of the welding process
and the competence of the personnel involved in welding.
At present, the necessary competence is being investigated
and ensured not only by welders but also by welding opera-
tors, non-destructive control specialists, welding inspectors,
and engineers [3—5]. Research is underway into the methods
to qualify the welding processes [6—8]. Conventional engi-
neering design and technological ways of ensuring quality
are the control over the process regime parameters [9, 10],
the optimization of structural solutions [11, 12] for welding
products. In modern manufacturing, quality assurance by
engineering methods only is impossible. The trend of recent
decades has been the use of engineering and organizational



measures to ensure the quality based on the functional ap-
proach to management [13—15]. A process approach to quality
management [16, 17], based on risk control [18, 19], replaces
functional quality assurance models. The critical importance
of applying a systematic approach to ensure the quality of
welding as a special process has led to the need to standardize
key factors influencing the quality of welding seams.

The results of many years of scientific research are sum-
marized in the main international standards for ensuring the
quality of welding. These standards include systemic quality
assurance requirements, quality assurance requirements for
engineers and technicians in the context of welding coordi-
nation. At the same time, the requirements for the designa-
tion and formation of welding seams, requirements for weld-
ing materials, methods, and equipment of technical control
in welding, are important. Standardized methods of ensuring
the suitability of welding procedures and the methods of
ensuring the competence of welding personnel are mandato-
ry for the special process. Existing quality standards can be
combined into groups that determine the content of welding
coordination [20]. Welding coordination, in turn, is part of
the general requirements for the quality of welding (Fig. 1).

Compliance with quality assurance standards is a pre-
requisite for entering international markets [21, 22]; how-
ever, there exist different approaches to meeting these stan-
dards [16]. The most effective is a process-oriented system
approach to quality management [23, 24]. At the same time,
the issue of comprehensive compliance with the regulatory
requirements for the quality of welding as a special pro-
duction process has not been sufficiently studied. Applying
a process approach to management requires the development
of a structure of coordination procedures in welding that
takes into consideration the specificity of regulatory require-
ments for ensuring the quality of welding.
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meet the quality requirements — the quality level of joints —
has not been studied in detail. Taking into consideration
the variability of quality indicators, studying the effect of
systemic welding coordination on the quality level of joints
requires the use of statistical methods.

3. The aim and objectives of the study

The aim of this study is to determine the impact of
a set of regulatory coordination procedures in welding on the
production level of welded joints.To achieve the set aim, the
following tasks have been solved:

— to identify the list and patterns of the relationship bet-
ween coordination procedures in welding;

— to determine the planned result and the main content
of the regulatory-oriented procedures to ensure the quality of
the welding process;

— to apply the regulatory coordination required in weld-
ing to ensure quality in the production of a welded article;

—to determine and compare the quality indicators of
welded joints before and after the implementation of the
system-based coordination approach in welding.

4. The organizational-methodical and statistical methods
to ensure the quality of welding in production

The scheme of the interaction of co-ordination proce-
dures in welding was modeled using the basic process mo-
del [28, 29] and a data flow diagram [30, 31].

The welding coordination procedures implemented in the
study are based on a modern methodology for ensuring the
quality of welding [32].

The statistical controllability of the
industrial welding process was studied
using the Shewhart charts [33, 34].
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Fig. 1. The structure of international welding quality standards [20]

The positive impact of systemic measures on the quality
of welding and products in general as a result of ordering is
known. Audit methods evaluated changes related to the im-
plementation of regulatory requirements [25]. Using expert
methods, the impact of quality management systems on the
company’s processes [26] and supply chains [27] was investi-
gated. At the same time, the issue of the impact of the imple-
mentation of the set of coordination procedures in welding
on the objective indicator of the capability of production to

information acquired during the project
provides an opportunity to compare the
quality levels of welded joints before
and after the introduction of quality
welding coordination.

The experience of welding coordination projects at Uk-
rainian enterprises shows that a significant part of ISO 14731
requirements is typically met by enterprises before the start
of the implementation projects. Therefore, this chapter
focuses on those issues that, for most enterprises that are
beginning to meet the requirements of the standard, are
relatively new.



5. 1. The scheme of the relationship among the coordi-
nation procedures in welding

The activities that are specific and mandatory to ensure
and improve the quality of welding are defined by the inter-
national standard ISO 14731 «Welding coordination — Tasks
and responsibilities» as the task of welding coordination. The
standard defines 19 mandatory tasks for ensuring the quality
of welding.

An analysis of the welding coordination tasks stated
by ISO 14731 shows the need to determine the optimal
sequence and frequency of their implementation. The to-
tality of tasks required for welding to ensure and improve
the quality of welding determines the set of interconnected
coordination procedures in welding (Fig. 2).
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Fig. 2. The relationship between welding coordination
procedures

The procedures that determine the actions required to
convert the information input into the output are the basis
of the system quality assurance [35].

In the diagram (Fig. 2), the procedures are termed and
marked in the same way as the welding coordination tasks
(B1, B2, etc.):

— B1. Requirement analysis;

— B2. Technical analysis;

— B3. Subcontract;

— B4. Welding staff;

— B5. Equipment;

— B6. Manufacturing planning;

— B7. Assessment of welding procedures;

— B8. Technical requirements for the welding procedure;

— B9. Working instructions;

— B10. Welding materials;

— B11. Basic materials;

— B12. Checks and tests before welding;

— B13. Checks and tests during welding;

— B14. Checks and tests after welding;

— B15. Thermal treatment after welding;

— B16. Inconsistencies and corrective actions;

— B17. Calibration and validation of equipment for mea-
surement, verification, and testing;

— B18. Identification and traceability;

— B19. Records of quality.

The documented results of the procedure (records) are
designated as outgoing information flows generated by the
relevant procedures (R1; R2; etc.). They also provide infor-
mation links between the procedures. Documenting the re-
sults of procedures (output) reduces the risk of data loss [35].

The description of the information threads is given in the
chapters that follow.

External inputs — outputs:

— E1 — Prospective production plan;

— E2 — Welding request;

— E3 — Release — permission to move on to the next stage
of the process;

— E4 — Switching to all welding coordination procedures.

Internal transitions are marked as A; B; C; L.

In Fig. 2, gray shading corresponds to the main process —
the welding process and related material flows.

For the purpose, frequency of execution, and orientation
of the results, the welding coordination procedures are divid-
ed into three groups:

— long-term welding quality procedures (in the scheme,
highlighted in yellow);

— procedures for ensuring the quality of welding in the
execution of a Request (in the scheme, highlighted in green);

— procedures to ensure and improve the quality of a welded
joint (in the scheme, unshaded).

Given the importance of such a division of procedures in
order to establish causal relationships aimed at comprehen-
sive quality assurance, our further study implies the conside-
ration of these groups.

5. 2. The basic content of regulatory oriented proce-
dures to ensure the quality of the welding process

Regulatory-oriented procedures for quality welding co-
ordination have been developed and tested with adaptation
to the specificity of a welding plant.

3. 2. 1. Long-term welding quality procedures

Long-term welding quality procedures lay the ground-
work and create the conditions necessary to ensure quality in
all welding Requests (Orders, Contracts) and welded joints.

The long-term welding quality procedures begin with
updating the prospective production plan (Fig.2). This
plan identifies the welding processes, basic and supporting
welding equipment, tools, measuring and testing equipment,
necessary for the implementation of the enterprise strategy.
An up-to-date production plan contains initial data for all
long-term welding quality procedures. In particular, the plan
formulates conclusions about the planned welded products.
Product information makes it possible to determine the
main material, the types and sizes of welded parts, the types
of joints. Additionally determined is the planned welding
technology — the techniques, welding provisions and welding
materials, conditions of the formation of a welding joint.

Procedure B4. Welding Staff.

When hiring and conducting periodic qualification tests
of welders, the qualifications of welders are provided in ac-
cordance with the international standard of ISO 9606. This
takes into consideration the features of the welded products
planned for production and the planned welding technology.

The competence of welding operators is ensured in accor-
dance with the international standard ISO 14732, based on
the features of the welded products planned for production
and the welding plants available for use.

In addition to ISO 14731, the procedure should be
guided by the following international standards: ISO 9606;
ISO 14732; ISO 9712.

Records R4. They contain constantly updated documen-
ted data on qualifications and possible admission to work for
each welder, welding operator. The records are represented



by the certificates of welders, welding operators, the welders’
qualification matrices, tolerance matrices for operators of
welding installations, as well as the Welding Procedure Spe-
cification (WPS)

The documented data are used to determine the ability
to meet the staff qualification requirements set by a Welding
Request (Procedure B1 «Requirement Analysis»).

Procedure B5. Equipment.

Newly purchased welding and related equipment are
tested before use to meet technical and safety require-
ments (verification). Welding equipment includes power
sources, feed mechanisms, welding installations, etc. Assem-
bly and welding fixtures and accessories, drying chambers,
equipment for thermal treatment and heating, holders, per-
sonal and collective protective equipment, etc. are related to
equipment. After that, the equipment is checked for opera-
bility (validation). Only after positive results of verification
and validation, the equipment is transferred to production
operation according to the Act.

All equipment in production is exposed to periodic main-
tenance.

In addition to ISO 14731, the procedure should be
guided by the following international standards: ISO 17662;
ISO 669: 1SO 2503; ISO 5172; ISO 5826; 1SO 7291;
ISO 14114; ISO 15615; ISO 14744.

Records R5. They include welding and related equipment
passports, Commissioned Acts, Equipment Registers, Repair
and Maintenance Journals.

The documented data are used to determine the availabi-
lity of the welding and related equipment required to perform
a welding Request (Procedure B1. Requirements Analysis).

Procedure B17. Calibration and Validation of Measure-
ment, Testing and Testing Equipment.

The procedure ensures the suitability of monitoring tools
for welding parameters, heating and heat treatment parame-
ters, equipment for non-destructive testing of welded seams
and equipment for acceptance testing of welded products.
All this equipment undergoes verification and validation,
periodic checks, and calibration in accordance with passport
requirements, as well as the requirements of the legislation
on metrological maintenance and the requirements of the
Customers.

In addition to ISO 14731, the procedure should be go-
verned by the following international standard: ISO 17662.

Records R17. They include passports and logs of monitor-
ing and measuring equipment.

The documented data are used to determine the availabi-
lity of the monitoring and measurement equipment required
to perform a welding Request (Procedure B1. Requirement
Analysis).

Procedure B7. Assessment of Welding Procedures.

All welding procedures required for the manufacture of
planned welded products are certified in accordance with the
international standard ISO 15607. For each such procedure,
Technical requirements for the welding procedure (WPS)
are developed, with reference to the Welding Procedure
Qualification Record — WPQR. The welding procedure
certification confirms that the specified WPS welding tech-
nology ensures the formation of a weld of the required sizes
and properties at the predefined thickness of the main metal.
The welding procedure regulates the technique, parameters
of the regime, the position of welding, the preparation of
edges, welding materials, running energy, heat treatment, the
number and sequence of weld execution.

In addition to ISO 14731, the procedure should be
guided by the following international standards: ISO 15607;
ISO 15609; ISO 15610; ISO 15611; ISO 15612; ISO 15613;
ISO 15614.

Records R7. They include preliminary Technical require-
ments for the welding procedure, technical requirements for
the welding procedure, documents on the qualification of
welding procedures.

The documented data are used to determine whether
a Request can be fulfilled using certified welding proce-
dures (Procedure B1. Requirements Analysis.).

In general, the successful and complete implementation
of the long-term quality assurance procedures reviewed is
a prerequisite for the follow-up to the welding quality pro-
cedures in the fulfillment of a Request (Order, Contract).

5. 2. 2. Procedures for ensuring the quality of welding
in the execution of a Request

Procedures for ensuring the quality of welding during
the implementation of a Request are launched for the im-
plementation of each Request (Order, Contract) for welding
operations. In this case, the original data of the Request
are contained in the regulatory documents for the ordered
products, the drawings of a welded product. Additional are
the requirements for the timing of operations, specific re-
quirements for ensuring the quality of welding, compliance
of a welding product, personnel, welding methods used,
technical control, acceptance tests, etc.

Procedure B1. Requirement Analysis.

In addition to the Request materials (Order, Contract),
the original data for the analysis are contained in the spec-
ifications attached to the Request. Personnel qualifications
are contained in the competence matrices of the welding
staff (Records R4). Data on available equipment are available
in the registers of available equipment (Records R5), logs of
monitoring tools and measuring equipment (Records R17).
The technical requirements for the welding procedure (Re-
cords R7) give an idea of the available welding technologies.

Each welding Request is analyzed for the completeness
of the wording of the requirements for welding, welding
requirements. The capability of welding production to meet
these requirements is determined. Only those Requests (Or-
ders, Contracts) are accepted for implementation, for which
the capability to meet all requirements is confirmed.

Records R1. Agreed Request specifications (Order, Con-
tract). Including the product’s drawings and specific require-
ments for a weld and the conditions for its implementation.

The documented data are used to determine the activities
required to ensure the welding quality of the Request (Order,
Contract) during the subsequent technical analysis (Proce-
dure B2. Technical Analysis).

Procedure B2. Technical Analysis.

The initial data for the technical analysis are contained in
the agreed specifications of the Request (Records R7). In this
case, the basic specification is the drawing of a welded product.

The technical analysis defines the requirements for the
main metal — the grade, thickness, diameter for pipes, and the
features of the welding capacity of the main metal. The sym-
bols of welds on the drawings, the quality of welds, and the
corresponding procurement requirements, welding provisions,
preparation of edges for welding are verified. The manufactur-
ability of the product is analyzed — the availability of joints for
welding and subsequent non-destructive control, taking into
consideration the sequence of welds. If necessary, the technical



analysis identifies additional measures of ensuring the quality
of welding, related to the inspection and preparation of weld-
ing materials, control of the ferritic phase, removal of residual
stresses, heat treatment, treatment of the seam surface, etc.

In addition to ISO 14731, the procedure should be
guided by the following international standards: ISO 2553;
ISO 4063; 1SO 5817; ISO 13919; ISO 6947; ISO 9692.

Records R2. The drawings prepared for production with
full designations of welds and technical requirements for
welded joints.

The documented data are used:

— in determining the welding procedures required for the
manufacture of a product (Procedure B8. Technical require-
ments for the welding procedure.);

— to ensure the quality of a product in production plan-
ning (Procedure B6. Production Planning);

—to explain technical requirements to the direct per-
formers of welding operations (Procedure B9. Working
Instructions.);

—in determining the requirements for the supply and
handling of welding materials (Procedure B10. Welding
materials.);

—in determining the requirements for the supply and
handling of basic materials (Procedure B11. Basic Materials).

Procedure B8. Technical requirements for the welding
procedure.

The original data are contained in the drawing and include
the brand of a material, the thickness, diameter (for a pipe), the
welding technique, the position of welding, welding materials.

The procedure implies the identification of an exhaustive
list of technical requirements for the welding procedure,
completely covering all necessary processes for welding. In
the absence of the necessary WPS, appropriate WPS should
be developed and properly certified under Procedure B7.
Certification of welding procedures.

Records RS. A list of specifications for the welding proce-
dure (WPS) based on a Request.

The documented data are used as a list of specifications
for the welding procedure mandatory for the production.

Procedure B6. Production Planning.

The original data are the results of executing Procedure B2.
Technical Analysis.

Taking into consideration the specifications for the weld-
ing process, the sequence of welds is determined. Specific re-
quirements for the work environment (temperature, humidity,
sediment protection, wind and draft protection, etc.) are
defined, as well as the necessary means to meet such require-
ments. Skilled personnel, pre-heating equipment, thermal
treatment, pyrometers, non-destructive control, and welding
testing equipment are distributed. Forming replacement
tasks to perform the Request, taking into consideration the
availability of equipment and personnel who have the neces-
sary permits to perform the work.

In deciding whether to transfer part of the welding opera-
tion to the subcontract, a set of specifications is developed for
the transferable part of the work necessary to ensure quality
in subcontracting operations.

Records R6.1. The assembly drawing of the product,
which determines the sequence of welds. At the request of the
Customer, the Control Plan for the assembly and welding of
the product, which is a set of measures to ensure the quality
of welding during the implementation of the Request.

The documented data are used for operational production
management, dispatching the execution of requests.

Records R6.2. A set of specifications to ensure quality
when subcontracting.

The documented data are used as the original require-
ments when selecting a subcontracting executor.

Procedure B9. Working Instructions.

The original data are contained in the technical docu-
mentation prepared in advance for transfer to production
during the following procedures: Procedure B2. Technical
Analysis; Procedure B8. Technical requirements for the
welding procedure; Procedure B6. Manufacturing Planning.

The result of this procedure is to deliver the information
contained in the prepared technical documentation to the
direct executors in the production and to ensure that this
documented information is unconditionally available to per-
formers during the execution of the work.

In addition to drawings and WPS specifications, instruc-
tions on equipment setting, visual control, management of
non-conforming products, etc. can be transferred to workplaces.

Records R9. A registry of technical documentation used
in the workplace based on the Request. It contains informa-
tion about technical documentation sets that regulate the
execution of each Order at each workplace.

The documented data are used for operational production
management, to dispatch the execution of requests.

Procedure B3. Subcontract.

The original data are included in the specifications to
ensure quality when subcontracting.

The selection of a subcontracting executor is based on his
ability to meet the requirements of these specifications.

Records R3. The results of the assessment of the subcon-
tractor’s ability to meet quality assurance requirements are
recorded in the Subcontractor’s Registers and Questionnaires.

Procedure B10. Welding Materials.

The original data are the symbols of welds on a drawing with
the requirements of the product designer for welding materials.

The additive and protective welding materials are selec-
ted taking into consideration the compatibility and require-
ments of the designer to the materials. Requirements for the
supply of welding materials, the acceptance of welding mate-
rials, the necessary accompanying documents, the conditions
for storage and maintenance of welding materials are defined
and implemented.

In addition to ISO 14731, the procedure should be guided
by the following international standards: ISO 544; ISO 2560;
ISO 18275; 1SO 3580; ISO 3581; ISO 14341; ISO 16834;
ISO 21952; 1SO 17632; ISO 18276; 1SO 17634; ISO 17633,
ISO 14174; 1SO 14175.

Records R10. A request for the supply of welding mate-
rials under the Request, quality passports (certificates) for
welding materials, logs of handling the welding materials in
a warehouse.

The documented data are used to ensure the quality of
the welding materials during production.

Procedure B11. Basic Materials.

The original data are the requirements of the designer to
the main metal, specified in the drawings.

Taking into consideration the features of the welding
capacity of the main metal, additional requirements for de-
livery terms, acceptance, marking, storage, the documented
quality of the main material are defined and implemented.
The source data for traceability of the main material in weld-
ing are provided.

In addition to ISO 14731, the procedure should be guided
by the following international standard: ISO 15608.



Records R11. A request for the supply of basic materials
under the Request, quality passports (certificates) on basic
materials, logs of handling the basic materials in a warehouse.

The documented data are used to ensure the quality of
basic materials during production.

5. 2. 3. Procedures to ensure and improve the quality
of welding of a joint

A mandatory condition and source of the raw data for the
implementation of the procedures to ensure and improve the
quality of the welding of a joint is the complete and success-
ful implementation of the procedures for ensuring the quality
of welding for the Request.

The procedures to ensure and improve the quality of
a welding joint accompany and ensure the quality of welding
of each joint.

The source data for all procedures to ensure and improve
the quality of joint welding are contained in the Technical
Documentation in accordance with R9 «Register of technical
documentation used in the workplace on the Request».

Procedure B12. Checks and tests before welding.

The original data are contained in the full technical
documentation for the making a welding joint in accordance
with R9 «Registry of technical documentation used in the
workplace on the Request».

Only welders and operators of welding plants with a va-
lid certificate and appropriate permit are eligible to make
a welded joint.

Welded joints are made only if there are appropriate and
up-to-date technical requirements for the welding procedure.

All the main metal and welding materials submitted to
the assembly and welding site are checked so that the brand
in the accompanying documents meet the requirements of
the drawing.

The preparation of edges (shape and sizes) of welded
joints should meet the requirements of the drawing and WPS.

The gap and preparation of the joint for welding during
assembly, the use of clamps, and the execution of seizures are
monitored.

The implementation of special measures aimed at reduc-
ing stresses and deformations, ensuring perpendicularity,
axial alignment, the flatness of parts, etc. is monitored.

Records R12. Product checklist — Welding preparation
section.

The performed checks and tests before welding are docu-
mented in the journal of welding operations or in a Product
control sheet — Welding Preparation Section.

The documented data are used to confirm the execution
of all measures necessary to ensure the quality of activities
immediately prior to welding.

Procedure B13. Checks and tests during welding.

The original data are contained in the full technical docu-
mentation for making a welding joint in accordance with R9
«Registry of technical documentation used in the workplace
on the Request».

Checks and tests during welding ensure compliance with
the technical requirements for the welding procedure, while:

— constant monitoring and monitoring of welding regime
parameters is carried out;

— the predefined pre-heating temperature is maintained,
as well as the temperature before each run;

— the rollers are cleaned and the shape of the rollers is
controlled, as well as the layers of a welded joint’s metal;

— the formation of the back of the joint is controlled;

— the preset execution order of welds is ensured;

— the planned cleaning is carried out, as well as drying
(calcination), protection from external influences, reuse of
welding materials;

— the stipulated deformation control is executed;

— intermediate inspections are carried out by external
inspections and measurements of size.

Records R13. A product checklist — the Welding Section.

Performed actions on inspection and testing during weld-
ing are documented in the control sheet of the product — The
Welding Section.

The documented data are used to confirm the execution
of all activities necessary to ensure the quality of welding.

Procedure B15. Thermal treatment after welding.

The implied thermal treatment after welding is carried out.

In addition to ISO 14731, the procedure should be guided
by the following international standard: ISO 17663.

Records R15. A product’s control sheet — the Thermal
Treatment Section.

Data on the time of the start of heat treatment after weld-
ing, the actual thermal cycle, the equipment and materials
used, are documented.

Procedure B18. Identification and Traceability.

Identification is carried out — the designations that make
it possible to distinguish:

—the drawings transferred to production, the assembly
and welding control plan, the specifications to ensure quality
in subcontracting work;

— technical documentation forms used in the production;

— the locations of welds in the product;

— procedures and non-destructive control personnel;

— welding materials;

— the main material;

— places of correction (reporting to compliance, corrections);

— places to install temporary devices.

There is traceability — the ability to trace in production
to restore history, origin, application.

For each welding joint, made by a fully mechanized or
automated installation, its ID and operator’s ID are docu-
mented who executed welding in accordance with an appro-
priate permit. This ensures that the welded joint is traceable
until the automatic welding and operator are installed.

For each welded joint, made by a welder, the welder’s ID
is documented, in accordance with his permit. This ensures
that the welded joint is traceable to the welder.

For each welded joint, the Technical Requirements’ ID
for the welding procedure that is performed is documented.
This ensures that the welded joint is traceable to the techni-
cal requirements for the welding procedure.

Identification simplifies the use of materials, documen-
tation, equipment for the purpose. This allows the staff to
perform operations in accordance with the permit.

Traceability makes it possible to confirm the performance
of basic measures to ensure the quality of welds and to deter-
mine the causes of detectable discrepancies.

Records R18. Identifiers in the drawings and control
sheets of the product.

They contain consolidated data on the identifiers used in
the execution of the Request.

Procedure B14. Checks and tests after welding.

The original data are R2 technical requirements for welded
joints.

All welded joints are exposed to external inspection. This
controls the shape, size, external defects of the welded joint.



If specifications require it, welded joints are subjected to
non-destructive or destructive tests.

The protocols of processing after welding (thermal treat-
ment, aging) are analyzed.

The implementation of the B14 procedure makes it pos-
sible to further use (release) of the welded joints with con-
firmed compliance. The non-compliant welded joints undergo
the B16-1 Procedure Inconsistencies and Corrective Actions.

In addition to ISO 14731, the procedure should be
guided by the following international standards: ISO 13916;
ISO 17635; ISO 17636; ISO 17637; ISO 17638; ISO 17639;
ISO 17640.

Records R14. A product checklist — the Technical Control
Section.

The actions on verification and testing performed after
welding are documented in the product’s control sheet —
Technical Control Section.

The documented data are used to confirm that welds
meet the requirements.

Procedure B16-1. Inconsistencies and Corrective Actions.

The initial data are the R14 results of technical control
of the product, data on the identified inconsistencies in the
requirements.

The procedure is performed to correct inconsistencies.

If a section of the joint that does not meet the require-
ments is found to deviate from the size of the product, this
section (product) is identified and isolated.

Depending on the inconsistency, the necessary correction
is made — bringing to compliance.

Further use of a welded joint (product) for the purpose
is possible only after the technical control of the correction
effectiveness.

Records R16-1. Non-conforming product management sheet.

The nature and location of the discrepancy are docu-
mented, the actions taken for correction, the results of the
re-examination of the welding section (product) after the
correction.

Procedure B16-2. Inconsistencies and Corrective Actions.

The initial data are the R14 results of technical control
of products, data on the identified non-compliance with re-
quirements throughout production.

The procedure is performed to prevent the recurrence of
inconsistencies and reduce their overall level.

Data on the nature, localization, time, and frequency of
inconsistencies during the production period are analyzed.
Inconsistencies of greatest importance and priority actions to
address the causes of their occurrence are identified.

For such inconsistencies, the reasons for the occurrence
are determined, measures are determined and implemented
to eliminate such causes, the effectiveness of the measures
taken, corrective actions, is assessed.

Effective activities become a daily practice of action and
can lead to changes in any of the procedures adopted.

Records R16-2. A sheet of data collection for the period.
Pareto’s diagram for the period. A sheet of corrective actions
for the period.

It documents step by step data on the corrective actions
carried out during the production period.

Procedure B19. Quality Records.

The procedure for maintaining, storing, and ensuring the
availability of all previously listed quality records, both in
paper and electronic form, is determined.

The procedure is part of all procedures and ensures that
the information in the quality records is available.

Records R19. Acts of transferring records to third parties,
acts of destruction of records.

Data on the transfer of records to third-party organizations,
including on-demand, subcontract, storage, as well as the de-
struction of expired records and records are documented.

5. 3. Applying the regulatory required welding coordi-
nation to ensure quality in the production of a welded frame

Manufacturing, used here as an example of welding coordi-
nation procedures, specializes in the fabrication of agricultural
equipment. Including frame seeders, plows, cultivators. The
main welding technique is mechanized welding in protective
active gases (135). The products are made of carbon-based
structural steels with a fluidity limit of up to 275 MPa (sub-
group 1.1) using FM1 additive materials for unalloyed fine-
grained steels. A pipe (T) with an external diameter of
D=20-25mm and a rolled profile with a wall thickness of
2—4 mm are used. Products require both butt (BW) and fil-
let (FW) welded joints. The use of equipment, positioners al-
lows welding mainly in convenient positions PA, PB but there
are positions of welding PC, PE Butt welds (BW) are made as
one-sided (ss) without backing (nb). The welding production
basically has the personnel, equipment, tooling, infrastructure
necessary to fulfill the long-term production plan.

The invariability of the product range has allowed a com-
parative assessment (before and after the implementation) of
the impact of systemic welding coordination on the quality
of welded joints.

Request 24/7ZW129-18 was fulfilled under the conditions
of systemic welding coordination. In accordance with this
Request, it was necessary to weld the transmission elements
to the frames (8 joints per frame). The order volume is
420 frames. Running time is 25 working shifts.

The basic content of the quality assurance system in
welding in the fulfillment of Request 24/ZW129-18 is related
to the results of the relevant procedures and is given below:

1. Welding requirements are established and agreed with
the designer:

A1=23<135/1S05817-B/1SO6947-PB/1S09692-3.1.2/
ISO14341-A: G 42 3 M21 3Si1.

2. WPS-135-09-PBF-3.2-PB-3.0 (Table 1) were selected
from the company’s technical requirements for the welding
procedure as they meet previously established requirements
for welded joints.

3.In order to fulfill Request 24/ZW129-18, the heated
welding warehouse was used to keep the minimum required
solid-section welding wire (purchased from a manufacturer’s
official dealers) with a diameter of 1.2 mm, ESAB OK 12.51,
corresponding to ISO 14341-A: G 42 3 M21 3Si1. The ware-
houses are equipped with thermometers/hygrometers, twice
a day the readings of temperature and humidity in the ware-
house were recorded in the warehouse log. It also recorded all
the movements of welding wire with traceability to shipments.

4. To fulfill Request 24/ZW129-18, the racks in closed
premises store the minimum required stock of the profile of
steel PNH84020-88: St3W.

5.To work on Request 24/ZW129-18, only the wel-
ders with valid confirmed qualifications were involved:
135 T BW FM1 S 53,0 D32 PF ss nb.

6. According to Request 24/ZW129-18, all products
were accompanied by a sheet (Table 2) with the registration
of the technical control results.



Table 1

Welding procedure specifications (WPS)

Welding procedure specifications: WPS-135-09-PBF-3.1.2-PB-3.0

Preparation and cleaning method: Guillotine scissors

WPQR No. PQR-135-EG01/12.07.2018

Parent material designation: Sub-group 1.1 PNH84020-88: St3W

Manufacturer: MP ICF «IrKom»

Material’s thickness (mm): 3.0

Type of joint and weld: P FW

Welding position: PB

Joint design Welding sequence
2 30 03
<
11 =,
Welding parameters
Run | Welding process | Size of filler material, mm | Welding current, A | Arc voltage, V | Polarity | Speed, mm/min | Heat input, kcal /mm
1 135 1.2 150 20 DC+ 470 0.09

Filler material designation and make:
EN ISO 14341-A: G 42 3 M21 3Si1ESAB OK 12.51

Designation of gas — shielding:
1SO 14175 — M21 (18 %CO, 72 % Ar)

Heating temperature: N/A

Gas Flow Rate — Shielding: 17 1/min

Table 2
Product checklist — Technical Control Section
Request 24/7W129-18
Frame No. 171-ZW /129-18
Work shift 3.2
Limitati [SO5817-B Control point location — ZW-129-334-C
1mi 10N -
avons A1-No.1 | A1-No.2 | A1-No.3 | A1-No.4 | A1-No.5 | A1-No.6 | A1-No.7 | A1-No.8

3.0 -0.5

z — leg length % Ok Ok Ok Ok Ok Ok Ok Ok

503 excessive | 003 Ok Ok Ok Ok Ok Ok Ok Ok

convexity ',’;({{g\“
505 i a;>110 aa«
~ Incorrect @ Ok Ok Ok Ok Ok Ok Ok Ok
weld toe
w>110
512 — excessive +1.7
0.0 - -
asymmetry of fillet | 22y Ok Ok ok [IZAVEL ok Ok Ok Ok
weld
Other inconsistencies with require- | 5012-A1/1-
ments ISO5817-B 117-24 Ok Ok Ok Ok Ok Ok Ok
All the discrepancies identified were corrected. 5. 4. The level of quality of welded joints before and

7. Every week,
24/7W129-18 were consolidated per shifts (Table 3) in
a summary table. Critical inconsistencies were corrected

the results of technical control on Request
The

every week. portion
Table 3
List of data collection over a week
Request 24/7W129-18
Week No. 3
Work shift
Identified inconsistencies
3132331341 35| Total
z—leg length 0O[0] 01O 1 1
503 — excessive convexity 0 0 1 0 0 1
505 — incorrect weld toe 0|l 0] 0]0]|O 0
512 —excessive asymmetry of fillet weld | 1 1 0 0 1 3
5012 — intermittent undercut 1 1 0 0 0 2
Total inconsistencies per shift 2 2 1 0 2 7
Total checked per shift 112 1120 | 112 | 104 | 120 | 576

after the introduction of welding coordination

universal indicator of the level of inconsistencies

or the level of quality of welded joints [37-39] is the p-pro-

of non-conforming units within the sample. The
proportion of non-conforming units in the sample
is defined as the ratio of x, the number of identified
non-conforming units, to z, the number of units
tested in the sample or the sample size:

r= (1)

x
-

When fulfilling Request 24/ZW129-18, the
sample size n; was defined as the total number of
welded joints tested over the i-th shift (Table 3:
total checked per shift). The number of detected
non-conforming units over the i-th shift (x;) was
determined as the number of inconsistencies per
shift (Table 3). The proportion of non-conforming

units in the sample p; was calculated according to
formula (1).



The summarized data on the number of discrepancies
identified in the implementation of Request 24/W129-18 are
given in Table 4. Request 24/ZW129-18 was in fact executed
in 28 working shifts (versus 25 shifts planned).

To determine the statistical controllability of the welding
process, a proportion p-chart was used as the type of a She-
whart chart. The state of statistical control over the process
is desirable and indicates sufficient reliability, predictability,
and stability of the welding process [40]. To build a Shewhart
chart, Table 4 was used to calculate the location of the central
line, the upper and lower control boundaries. The sample vo-
lumes 7;, determined by the number of welded joints made and
checked during a shift, differed from the average value n by no
more than 10 %, which made it possible to use the p-chart of
shares with the calculated rectilinear control boundaries [41].

frames, seven criteria for the influence of specific causes
should be used [30].

Criterion 1 «exit point for the control limit» (its mani-
festation is possible only at the upper limit) — no influence of
special causes was found.

Criterion 2 «two points out of three points» — no effect
of special causes was found. Based on this criterion, the in-
fluence of special causes manifests itself by three consecutive
points on one side of the central line, two of which are in zone
A or beyond. In our case, the manifestation of the criterion is
possible only along the upper limit.

Criterion 3 «four points out of five points» — no effect
of special causes was found. Based on this criterion, the in-
fluence of special causes manifests itself by five consecutive
points on one side of the central line, four of which are in

zone B or further. In our case,

Table 4 the manifestation of the crite-
The number of identified inconsistencies — Request 24/ZW129-18 rion is possible only at the up-
— per limit.

Work shift (i) 11112 (13|14 | 15|21 |22 |23 |24]25 L . .
- - Criterion 4 «nine points» —
The number of non-conforming units (x;) 4 2 5 2 1 2 6 2 0 2 no effect of special causes was
Sample size (1;) 112 | 120 | 128 | 120 | 120 | 112 | 120 | 120 | 128 | 120 | found. Based on this criterion,
The proportion of non-conforming units (p;) [0.033]0.017|0.042|0.017[0.008/0.017| 0.05 [0.017| 0 [0.017| the influence of special causes
Work shift (i) 3132 |33 |34 35|41 |42 |43 | 44 | 45 | manifests itself by nine consc:
The number of non-conforming units (x;) 3 2 1 0 2 1 1 2 5 2 cutive p91nts ononeside of the

central line.
Sample size (n;) 112 | 120 | 128 | 120 | 120 | 112 | 120 | 112 | 120 | 128

Criterion 5 «six points» —

The proportion of non-conforming units (p;) |0.025{0.017)0.008| 0 ]0.017]0.008|0.008|0.017]0.042|0.017)  no effect of special causes was
Work shift (i) 5152 [53|54[55|61[62|63]| - | - found. According to this cri-
The number of non-conforming units (x;) 2 1 4| 2 6 | 3 1 1 - | - terion, the influence of special
Sample size () 120 | 120 | 120 | 120 | 128 | 128 | 120 | 112 | — | — | causes manifests itself as six

consecutive points, arranged
in an ascending or descending
way (trend).

Criterion 6 «fourteen points» — no effect of special cau-
ses was found. According to this criterion, the influence of
special causes manifests itself as fourteen consecutive points,
arranged alternately up and down.

Criterion 7 «fifteen points» — no effect of special causes was
found. Based on this criterion, the influence of special causes
manifests itself as fifteen consecutive points located in zone C.

The proportion of non-conforming units (p;) |0.017]0.008{0.033|0.017| 0.05 [0.025/0.008{0.008| — | —

The central line of the p-chart of shares was calculated
as follows:

_ X,
CL,,=p=Z;. (2)

The upper control boundary of the p-chart of shares was
calculated as follows:

_ [p(1-p)
UCLP = p+3* T

3) 0.100
0.090

(2]
€
The lower control boundary of the p-chart of % 0.080
shares was calculated as follows: g 0.070
— So0060 f— — -UCLp
_ > * p(1_p) 8 0.050 - -
ucr, =p-3* |22 4 £o 1 CLp
n
I AN
The Shewhart p-chart, based on the data on the é R e EE A CRE e LE X DL ESEE LS L EEET S )'" A
implementation of Request 24/ZW129-18,isshown  § g0 \ ‘{A’_ L | \ AALl—B
in Fig.3. Only the upper control limit (UCL,) is & 0.010 N/ I ALINCIN A LN
valid on the control chart. There is no lower control i t
0.000

limit because the calculation produced a negative
value LCL,=-0.018. At the bottom, the control
chart is limited to zero in the share of non-conform-
ing units in the sample. The control chart field from
the central line to the upper control limit is divided
into three zones equal in length: A; B; C.

Using a control chart, the welding process is tested for

1113 1522 24 31 33 3542 4451535562
Work shift

Fig. 3. Shewhart chart on Order 24 /ZW129-18
(ISO 14731 welding coordination)

The general conclusion is that the impact of specific causes

the impact of special causes. Since the control chart field
recorded data from consistently produced and verified

has not been found. In the execution of Request 24/ZW129-18,
the welding process was in a state of statistical controllability



with the process-characteristic statistically sound level of the
quality of welded joints p*=0.019 of the proportion of non-
conforming units in the sample.

A comparative assessment of the impact of systemic
welding coordination on the level of the quality of the joints
was carried out. The level of joints’ quality obtained prior to
the introduction of ISO 14731 requirements for the Request,
similar to the requirements for welding joints and welding
technology in Request 24/ZW129-18, was used. Fig. 4 shows
the Shewhart p-chart, built on welding data without system
coordination according to the ISO 14731 requirements.
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1113 1522 24 3133 3542 44 51535562
Work shift

Fig. 4. Shewhart chart without system-coordinated welding

We shall identify shifts during which, in the absence of
systemic coordination of operations, the welding process was
influenced by special reasons. Use the same seven criteria for
the influence of special causes.

Criterion 1 «exit point over the control boundary» (the
manifestation is possible only at the upper limit) — the effect
of a particular cause during a shift 1. 1.

Criterion 2 «two points out of three points» — the effect
of a special cause during shifts1. 5; 2. 1; 2. 2.

Criterion 3 «four points out of five points» — no effect of
special causes was found.

Criterion 4 «nine points» — the effect of a special cause
was during shifts2. 3; 2. 4; 2. 5; 3. 1; 3. 2; 3. 3; 3. 4; 3. 5; 4. 1.

Criterion 5 <«six points» — the effect of a special cause
during shifts 4. 3; 4. 4; 4.5;5.1;5.2; 5. 3.

Criterion 6 «fourteen points» — no effect of special causes
was found.

Criterion 7 «fifteen points» — no effect of special causes
was found.

The general finding is that the effect of special causes
was found for 19 of the 28 points mapped on the Shewhart
p-chart field. This clearly shows the state of statistical un-
controllability of the welding process under study in the
absence of systemic coordination of welding operations. At
the same time, due to the instability of the welding process,
it is not possible to determine a statistically reasonable level
of quality. However, the estimated average of the proportion
of nonconforming units in the sample is p=0.037, which is
twice the corresponding statistically reasonable value when
fulfilling Request 24/ZW129-18.

Thus, the systematic implementation of welding coordi-
nation procedures stabilizes the welding process, leads it to
a state of statistical controllability, and reduces the propor-
tion of nonconforming units in the sample by 2 times.

——p

----B

6. Discussion of the results of analyzing the effect
of systemic welding coordination on the level of quality
of welded joints

Comparing the level of the quality of welded joints before
and after the introduction of the system approach to welding
coordination (Fig. 3,4) shows a significant improvement in
performance indicators. In the absence of systemic coordi-
nation of welding, the estimated average of the proportion of
nonconforming units in the sample was p=0.037 (Fig. 4). At
the same time, in 19 samples out of 28 samples, the welding
process was in a statistically unmanageable state.
The systemic implementation during the fulfillment
of Request 24/ZW129-18 of the required proce-
dures for the coordination of welding operations
(Tables 1-4) has led to an improvement in the
quality level. The average value of the proportion
of nonconforming units in the sample was reduced

— -UCL
. -Clp P to p=0.019 and the welding process moved to a sta-
tistically manageable state (Fig. 3). Stabilizing the
A welding process while reducing the proportion of
nonconforming units in the sample can be explained

by the implementation of the regulatory-oriented
procedures B1-B19 for welding coordination. The
systematic character of the welding coordination is
ensured by the interconnection of the procedures
under the verified scheme (Fig.2). The systemic
coordination of welding operation ensures constant
monitoring of the main sources of variability in the
quality indicators of welded joints.

A comprehensive solution for the systemic coordination
of welding in production has been proposed. In this case,
we have defined the main content of the coordination pro-
cedures, the pattern of their relationship, and proposed the
application of statistical control over the welding process
using the Shewhart p-chart. Our findings show a statistically
sound improvement in the welding process as a result of the
proposed solutions.

The main merit of the study is that objective data from
production was analyzed using the methods of statistical
process control. This allowed us to build on objective criteria
for assessing the effectiveness of the implementation of coor-
dination of welding. Conventionally, such analysis was car-
ried out through production audits [25] and the results were
based on the method of expert estimates [26]. The method
used here minimizes subjectivity in conclusions.

A significant limitation of this study is its orientation
to ensure quality when welding by melting. The proposed
and tested procedures for the coordination of welding ope-
rations do not take into consideration the specificity of other
welding techniques, including the widely used techniques of
contact, point, seam, diffusion welding.

Some caveats of this study include restrictions on the
number of objects for the implementation of the proposed
systemic welding coordination and the number of samples for
statistical analysis. Expanding the base of welding industries
that use a systematic approach to welding coordination could
eliminate these shortcomings in the future.

This study may be advanced through the construction
of mathematical models that determine the contribution of
coordination procedures in welding in the formation of the
level of quality of a welded joint. Simulation using produc-
tion experiment planning techniques can be hampered by
the actual production capabilities regarding the regulation



and maintenance at the predefined level of the procedure
as a factor in the experiment. Therefore, in the first stage,
the simulation could be carried out using regression analy-
sis methods.

7. Conclusions

1. A scheme of the interconnection of coordination pro-
cedures in welding has been proposed and verified, which
makes it possible to systematically meet the ISO 14731 re-
quirements for the quality of welding. The scheme establishes
the optimal sequence of procedures and information links
between them.

2. It has been shown that it is important to distinguish
between three groups of quality-assurance procedures in
welding. The first group includes long-term procedures for
ensuring the quality of welding. The second group includes
procedures for ensuring the quality of welding in the exe-
cution of a Request (Order, Contract). The third group
includes procedures to ensure and improve the quality of
a welded joint.

3. We have proposed and tested under welding produc-
tion conditions a variant of embedding a set of standardized
requirements for welding processes into quality assurance
procedures by welding coordination. The statistical analysis
of data on the level of the quality of welded joints in produc-
tion before and after the introduction of systemic welding
coordination has been carried out.

4. The Shewhart charts were applied to perform a statis-
tical analysis of empirical data acquired during production
on the proportions of nonconforming units in the sample,
characterizing the quality level of joints when executing
systemic welding coordination and without such. It has been
demonstrated that systemic compliance with the ISO 14731
requirements makes it possible to attain a statistically ma-
naged state of the welding process while reducing the propor-
tion of non-conforming units in half.
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