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The tasks and problems of materials joining in industrial production are given. The model of development
and implementation into production of technological innovations, offered by the Edison Welding Institute

(USA), was considered.
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The risk of loosing the leadership in the world
economy causes ever more anxiety among the
state and business spheres of the USA. In the
recent years the country has lost its position in
the world rating of competitiveness having
moved from the first place in 2009 to the fifth
one in 2011, and in 2010 the USA let China have
the first place as to the volume of industrial pro-
duction [1].

The sector of industrial production is the cor-
ner-stone for the US economy. Its volume
amounts 11 % in the GDP of the country, and
in the total volume of export the volume of goods
of industrial production exceeds 60 %. About 13.4
Million people are engaged in industry which
amounts about 9 % of all employees. The labor
payment in the sector of industrial production is
20 % higher than that in the other non-industrial
sectors of economy.

Since 2008 the crisis remains the main problem
for the US economy. However negative tenden-
cies in the economy of the country were revealed
as long ago as 2001. By that time in the period
of one year more than 2.5 Million working places
were reduced in the sector of industrial produc-
tion. Among the most anxious tendencies in the
US sector of industrial production, experts out-
line the following:

e reduction of output of industrial products.
The volume of industrial sector in GDP of the
country for the period of 2000—2010 was reduced
from 17 to 11 %;

e reduction of number of working places. In
the period of 2000—-2010, 37 % (6.5 mIn) of work-
ing places were reduced in industry;

e reduction of volume of foreign trade (the
volume of USA at the world market decreased
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from 19 to 11 % (2000-2010) that resulted in
growing of the trade deficit;

e increase in prices on goods of industrial pro-
duction (increase of costs connected with safety
and protection of environment, taxation, labor
payment, reclamation, etc. was reflected on the
price of ready products which became one of the
factors deteriorating its competitiveness at the
world market);

e lack of qualified personnel. Only in the field
of welding production the lack of qualified weld-
ers amounts 500 persons per year [2].

The technologies for materials joining are the
indispensable part of industrial sector of econ-
omy. Welding and related technologies of joining
are closely integrated into the production process
of fundamental branches of industry and consid-
ered as the key non-alternative technologies for
them. Taking into account such a decisive role
of joining technologies for the economy, the
Edison Welding Institute (EWI) together with
the American Welding Society in 2010 initiated
the wide-scale study of state-of-the-art and pos-
sible ways for growing competitiveness of indus-
trial production where the materials joining is
widely applied. In the frames of the project «The
future of materials joining in the North America»
the survey of goods manufacturers of six leading
branches of industry was conducted to determine
the basic problems of those branches and their
needs in technologies for joining materials. The
results of research were studied in 2011 at the
final conference «The growth of competitiveness
of industry: the future of materials joining in the
North America» in the work of which the scien-
tific, governmental and social organizations,
leading manufacturers of welding technologies
«Lincoln Electric», «Trumpfs, «Miller Elec-
tric», etc. took part. In the final document the
basic problems of materials joining in industrial
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Table 1. Problems and priority tasks in the field of materials joining in the USA for the nearest five years (four first ranks on

branches of industry are mentioned)

Rank on branches of industry

Problems and tasks Automobile

industry

Heavy-

Qil-and-gas
industry

Military
industry

Aerospace
industry

machine
building

Power
engineering

Deficit of qualified engineers and specialists in the
field of quality control of joints

1

4

Deficit of qualified workers-welders and workers of
other professions

Growth of competitiveness in countries with low 3
payment of labor

Increase of expenses for development and
implementation of new processes, products, methods

Increase of time for evaluation of joints quality

Broadening of application of new materials and 1
their combinations

Implementation of new technological processes

Decrease of time from designing to putting
technologies into production

Creation of on-line system for informing about 2
innovative technologies and methods, providing
access to them

Increase of requirements to the quality of joints 4
performance

production and tasks of its development in the
nearest five years were defined.

Under the modern conditions of globalization
of world economy the only possible way for the
growth of competitiveness in industry is innova-
tive development, i.e. improvement of level of
developments, reduction of time for implemen-
tation of technical innovations into production,
improvement of level of education and qualifica-
tion of personnel. The innovative development
of economy implies also a high level of correlation
between science, production and personnel train-
ing. According to the survey of enterprises of six
leading branches of US industry carried out by
the EWI, the problems available in the branch
of materials joining are closely connected with
the solution of namely these tasks. The results
of survey are given in Tables 1 and 2 [3].

According to the results of research given
above over the recent years the volumes of ap-
plication of new progressive structural materials
and their combinations will grow in all branches
of industry (see Table 1). This is the basic task
of the branch of automobile industry and power
engineering, it is also included into the specified
four tasks of other branches of industry. The de-
signers and manufacturers are ever more inter-
ested in the application of new materials which
improve technical characteristics of products and
reduce their cost. For example, the need in re-
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duction of mass of automobile resulted in increase
of application of high-strength steels, aluminium,
magnesium alloys and composites. The growth
of application of new structural materials re-
quires development of the new technologies for
joining (see Table 2). It was mentioned by rep-
resentatives of all the surveyed branches of in-
dustry, and for space-aircraft and military indus-
try this problem is the most challenged. Accord-
ing to estimates of correspondents it is also nec-
essary to reduce the cycle period «<R&D — im-
plementation of new developments into indus-
trial production», to find the ways of reduction
of costs on development and implementation of
innovations, creation of on-line system for in-
forming about innovative developments in the
field of materials joining. In total, these tasks
reflect the need in development of strategy for
development of joining technologies (Table 2).

The next important task is involvement of
qualified personnel into the field of joining tech-
nologies. According to the data of the US Sta-
tistics Bureau the number of employees and spe-
cialists of all welding professions in the period
of 2002-2009 decreased from 1,076,498 to
968,037 people, or by 10.08 %. Nowadays the
deficit of welders on long-term contracts amounts
approximately 500 people per year. However this
number can be higher as far as mastering the
professional skills of welder is required else in
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Table 2. Necessary industrial technologies of materials joining and other types of works (four first ranks on branches of industry are

mentioned)

Rank on branches of industry

Required technologies /types of works Automobile

industry

Power
engineering

Oil-and-gas
industry

Military
industry

Aerospace
industry

Heavy-machine
building

Development of technology for joining the new 1
progressive materials

3 1 1 3 3

Increase in number and improvement of level of
education of engineers and designers in the field
of joining technologies

Development of arc welding process (efficiency,
quality, etc.)

Development of new methods for joining 2
dissimilar materials

Providing the on-line access to the databases on
technologies for materials joining

Development of more sensitive, accurate, reliable 3
methods of non-destructive testing

Development of high-efficient technologies for
welding thick-sheet materials

Improvement of methods for education of welders
(making them more perfect, purposeful, less
expensive)

Development of strategy of development of new
joining processes

Improvement of resistance welding technology 4
(quality, reliability, etc.)

Development of additive industrial technologies

more than 25 professions. According to the data
of survey confirmed by the statistic data, the
branches of US industry lack in qualified work-
ers-welders, engineers and also other specialists
in the field of welding and quality control. Thus,
the main problem in oil industry is the lack of
qualified engineers and specialists in the field of
quality control of joints, and in heavy-machine
building the main problem is the deficit of work-
ers-welders (see Table 1). The lack of qualified
personnel is closely connected with modern-
ization of system of personnel training, develop-
ment and implementation of system of constant
improvement of qualification for the specialists
of all professions [4].

The main source of innovations is R&D. Ac-
cording to the estimates of American experts the
total costs on financing of research and develop-
ments in the world will grow by 5.2 % in 2012
and reach 1.4 Trillion USD, among which the
volume of USA will amount 36 % or 436 Billion
USD. The industry finances 64 %, the federal
government 29 %, meantime 71 % of all R&D,
carried out in the country, are performed in the
industry. Table 3 gives data on structure of dis-
tribution of financing of R&D in USA on basic
sources of financing and performers.
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The field of R&D becomes ever more opened
for cooperation in USA as well as in the whole
world. The data of Table 3 show considerable
growth of finances by the industry of both its
own R&D as well as fundamental ones carried
out by academic organizations in the interests of
the industry. The federal government attracts
also considerable investments into the industrial
R&D and other organizations. According to the
data of survey of «R&D Magazine» 80 % of in-
dustrial companies finance joint research with
academic organizations and other companies. Not
only industry but also federal government shows
ever growing interest in obtaining income from
the investments into the R&D. If several years
ago only 10 % of companies planned and obtained
income from investments into R&D, nowadays
already more than 50 % of companies consider
this value as a key indicator of their activity.

The Act of Bayh-Dole accepted in 1980 laid
grounds for the new state scientific and technical
policy of USA directed to the growth of com-
petitiveness of the national economy. The Act
allowed transferring intellectual property, cre-
ated at the federal costs, to such non-federal per-
formers of R&D as universities, private compa-
nies and other subjects, and also allowed exclu-
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Table 3. Structure of distribution of financing of R&D in the USA on the basic sources of financing in 2012, Million USD (percent

Performer of R&D
Financing source . Governmental funds, National fund and e
Federal centers, national Industry other academic NOIl-pIS) ﬁt.dble In total
government h o organizations
laboratories organizations -

Federal government 29,152 14,666 37,577 37,440 6817 125,652
(-2.5) (-3.69) (=2.42) (093) (-2.29) (-1.61)
Industry - 202 237,487 3868 2129 279,685
(2.20) (3.37) (26.49) (8.89) (3.75)
National scientific fund and other - - - 12,318 - 12,318
academic organizations (2.85) (2.85)

Other governmental organizations - - - 3817 - 3817
(2.72) (2.72)
Non-profitable organizations - - - 3491 11,055 14,546
(2.70) (2.70) (2.70)
In total 29,152 14,868 311,063 60,934 20,001 436,018
(=2.51) (-2.36) (2.63) (2.85) (1.55) (2.07)

sive licensing of inventions which is the key con-
dition for their commercialization. This and an-
other accepted acts and decrees of the govern-
ment, state programs of USA and stimulated in-
tegration of fundamental and applied science,
strengthened interest of industry in performance
of fundamental research, activated the inter-dis-
cipline research, changed the policy as applied
to research infrastructure [5, 6].

To stimulate the carrying out of technological
R&D in the field of joining technologies, to
strengthen correlation among scientific and in-
dustrial sector, to reduce significantly the time
and broaden the branches of implementation of
innovation products, the EWI together with the
Institute of Industry (USA) created a model of
development and implementation of technologi-
cal innovations into industry in the field of join-
ing technologies and successfully approbated it
in practice. The proposed model is based on the
idea of creation of new organizational structures
which could promote the closer integration of all
participants of innovation process: from the idea
to development commercialization and wide im-
plementation of innovations into production,
namely:

e focused industry consortia, and

e manufacturing technology application cen-
ters.

Consortium is the temporary union of indus-
trial enterprises interested in development of new
progressive technology. The members of consor-
tium define the basic technological problems
which require attention, form project program
and team of performer. As the performers for
solution of different specific tasks the consortium
can attract centers of development and imple-
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mentation of industrial technologies, research
laboratories, commercial structures and other or-
ganizations. The support of innovations develop-
ment to the stage of commercialization is per-
formed by the state through the state programs.
The implementation of innovations into industry
implies wide attraction of funds of industrial
foundations and other sources. Table 4 shows
scheme of interaction of consortium and devel-
opment centers and implementation of industrial
technologies. This scheme demonstrates one of
the possible ideas of functioning of consortium,
i.e. the possibility of attraction in the course of
development of innovation for the solution of
definite tasks of specialized centers of develop-
ment and implementation of industrial technolo-
gies and material resources which have available
highly qualified personnel and necessary material
resources.

The aim of the model of consortium developed
by the EWT is to reveal the needs in new tech-
nologies of materials joining arising in the
branches of industry, to realize the development
of these technologies and develop programs of
partner cooperation for the creation and wide
implementation of new technologies into produc-
tion. The example of realization of this model in
practice is the Consortium of Additive Technolo-
gies and the Consortium of Technologies of Nu-
clear Power Engineering created by the EWT in
2010.

For example, the Consortium of additive tech-
nologies combined the efforts of large corpora-
tions of US space-aircraft industry, the clients
of the EWI and other private, social and state
organizations interested in the development and
wide implementation into production of ad-
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Table 4. Scheme of interaction of the purposeful industrial consortia and centers of development and implementation of industrial

technologies

Centers of development and implementation of industrial technologies
P seful industrial ¢ i
urposeful industrial consortia Automation | Castin Assembly of Stamping | Control | Joinin Additive Treatment
8| electronics ping 8 technologies
Production of metal for aircraft industry using X X X x X
additive technologies
Decrease in automobile mass X X X X X
High-speed assembly of batteries X X X X
Ecologically clean production of electronics X X X
Manufacturing of equipment for nuclear power x X X X x
plants
Automation of process of production of equip- X X X X x
ment for heavy-machine building

vanced additive technologies. In total the Con-
sortium united 24 industrial members and part-
ners for performance of research. The industrial
members of Consortium are the companies-pro-
ducers and consumers and investigation partners:
five universities and such organizations as Army,
Air Force, Navy, NIST, NASA. The development
and implementation of this model was supported
by the state. The state Ohio allotted the many-
million grant for realization of this project.

If the aim of consortia is to solve the strategic
and organizational tasks on development of the
new technology, the centers of development and
implementation of industrial technologies are the
basic performers of this project. These organiza-
tions should be recognized as the world class
leaders in their field, equipped with the innova-
tive equipment and having the highly qualified
personnel. The example of such center in the field
of materials joining is the EWI. It closely coop-
erates in the work with research universities and
industrial sector which allows realizing of inno-
vation developments and their successful imple-
mentation into production. Since 1984 the Insti-
tute has a constant state support according to
the Ohio Edison Program. The constant devel-
opment, efficiency of work and high level of re-
turn of investments attract private investors. In
2010 the volume of private investments into the
developments of the EWT 20 times exceeded the
volume of state financing [7].
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The innovation model of development and im-
plementation of technologies proposed by the
EWI was approved by the government of the
USA. The National Institute of Standards and
Technologies at the Trade Ministry accepted the
new state program on its basis to support the
development of technological innovations in the
USA «Advanced Manufacturing Technology
Consortia» in 2011. The budget of the program
for 2012 amounted to 12 Million USD. It envis-
ages the support of development of such innova-
tion directions as robotic technologies, nanoma-
terials, new progressive materials, new progres-
sive production technologies. In total, the state
allotted 75 Million USD to support the innova-
tion programs in 2012 [8].
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