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STATE-OF-THE-ART UKRAINIAN EQUIPMENT
FOR MACHINE WELDING OF HIGH-PRESSURE PIPELINES
OF THE SECOND LOOP OF NPP UNITS OF UKRAINE

Introduction. High-pressure heaters (HPH) are principal components of the second loop of nuclear reactors with
pressured water. HPH coils are used to heat water up to required temperature with its further supply to heat exchanger,
steam generator (SG). Steam generated by SG is fed to turbines and triggers power generators of NPP unit.

Problem Statement. The main factor that significantly constraints the performance of weld joints of HPH coil tubeworks
while manufacturing and repairing and causes their defects is manual TIG welding method (hereinafter referred to as the
TIG method) that has been used in the domestic practice so far.

Purpose. To study ways of raising efficiency and performance of weld joints of HPH coil tubeworks and improving their
stability and quality, as well as to develop domestic equipment for implementation of elaborated techniques.

Materials and Methods. Steel 20 simulators of HPH tubeworkshave been used for the purpose of the study. The used
methods are as follows: mathematical and computer simulation full-scale modelling, trial welding, nondestructive and
destructive control techniques, and CAD.

Results. The use of various arc welding techniques for welding HPH coil tubeworkshas been studied, the most optimal
method of them, the most effective parameters of welding conditions, and requirements for domestic welding equipment
have been identified, technical specifications for the equipment and its main components and respective research and
predesign works have been developed, innovative technical proposals concerning its composition, configuration, structure,
and other technical solutions have been elaborated.

Conclusions. MIG + MAG welding method with the use of fused electrode (solid-section electrode wire) in protective
gases mix has been established to be the most effective and cost-efficient in terms of compliance with the requirements
of applicable norms and standards and approved technical specifications with respect to quality and performance of weld
joints of HPH coil tubeworks made of steel 20. Manufacturing processes for the design solutions on the major functional
nodes and mechanisms of the equipment for implementing the mentioned method have been developed and approved.

Keywords: HPH, HPH coils, machine welding, and welding manipulator.
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The typical features of HPH coils are associ-
ated with weld joints of tubeworks of the coils
and their tailpipes and with parameters of medi-
um (feed water) supplied at a nominal pressure
12.0 MPa (120 kg - s/cm?) to the coil where it is
heated up to a temperature of +235 °C. There-
fore, the design, manufacture, and maintenance
of HPH coils have their own specific features that
define technical requirements for material, con-
figuration, and weld joints [1—6].The appearance
of one of the most widespread HPH coil is shown
in Fig. 1.

The HPH coil consists of three tubeworks con-
nected to each other with two butt welds. Tube
sections made of carbon steel 20 and having 32
mm in diameter and a nominal wall thickness of
4.0 mm are used as blanks. One of the straight
sections (the central section) used as blanks for
tubeworks of HPH coils is as long as 7 000 mm,
while the two other straight sections extends for
5980 and 5 403 mm, respectively. All mentioned
sections have a vee 1-24-1 (C-24-1) formed dur-
ing primary machining. So far, in Ukraine, all
joints of HPH coils have been welded in fixed po-
sition by TIG manual welding, with welding cy-
cle lasting, at least, 30—32 minutes per one weld
joint,which not only restrains the welding effi-
ciency, but also adversely affects the quality sta-
bility and requires pretreatment and involvement
of highly skilled welders.

Unlike the TIG, the machine arc welding en-
ables ensuring stably high quality and reliability
of weld joints, insofar as in the case of machine
welding the defect rate at the first handover does
not exceed 5%, whereas for the manual welding,
it reaches 15—45 %. Also, the machine arc welding
raises efficiency of weld works, at least, 5—6 times.
Proceeding from the above and taking into con-
sideration the pace of development of power en-
gineering in Ukraine,it should be noted that the
use of machine techniques for welding the joints
of HPH coil tubeworks is the single option.

Since neither integrated equipment for machi-
ne welding of HPH coil tubeworks, nor correspon-
ding processes have not been designed and are not
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available in Ukraine, the industrial corporations
in various economic sectors have been forced to
use foreign-made equipment and technologies for
machine arc welding. However, they far from ful-
ly ensure the compliance with requirements of
applicable regulations and standards in the field
of power engineering of Ukraine, since some man-
datory options are not available. In addition, they
are expensive, insufficiently repairable, and requi-
re significant operation costs.

The Paton Electric Welding Institute and its
specialized unit, the Research & Engineering Cen-
ter for Welding and Control in the Field of Power
Engineering, have accumulated a certain experi-
ence in solving tasks related to the automation of
large-scale weld works for the erection and repair
of NPP units, as well as developed Ukrainian te-
chnologies for machine welding and manufacture
and implementation of corresponding equipment.
In 2008—2012, for the first time in Ukraine, they
together have elaborated technological processes
and created advanced competitive equipment for
machine orbital GTAW of fixed joints of tubeworks
having 7—76 mm in diameter and up to 3.0 mm
wall thickness and 76—219 mm in diameter and
up to 12.0 mm wall thickness [7], manufactured
and tested trial samples of the equipment and pre-
pared it to commercial production at Ukrainian
corporations, introduced commercial samples of
GTAW machines for welding tubeworks having
7—42 mm in diameter at separated structural units

Fig. 1. General view of one of the most widespread
versions of HPH coils
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of Energoatom NAEC [8, 9]. In 2015, for the first
time in Ukraine they together have studied and
elaborated technological processes and created
advanced high-performance innovative equipment
for preparing fixed butt joints to welding — fac-
ing tools TRC 38 UZ.1 for the steel tubes having
a diameter of 14—38 mm and a wall thickness up
to 5.0 mm and TRC 76¥3.1 for the steel tubes
having a diameter of 38—76 mm and a wall thick-
ness up to 7.0 mm, as well as tube-cutting machi-
neTTC 660 UZ.1 for the steel tubes of infinite
length with a diameter of 108—159 mm and a wall
thickness of 15.0 mm [ 10, 11].Trial samples of this
equipment have been manufactured, tested, and
prepared to commercial production at Ukrainian
corporations.The equipment is expected to be put

into operation in power engineering in 2018.

In 2017, in order to elaborate technologies for ma-
chine welding of HPH coil tubeworks and to cre-
ate effective Ukrainian equipment for implement-
ing these technologies, the Paton Electric Weld-
ing Institute and R&EC WCPE have done the fol-
lowing research, survey, tests, and design works:
+ Engineering test studies to determine the effect

of different techniques for machine arc welding
on the efficiency of weld joints of HPH coil
tubeworks and their quality that must comply
with applicable regulations and standards for
construction and safe operation of equipment
and tubeworks of nuclear power plants, includ-
ing PN AEG-7-009-89;

+ Identification and optimization of requirements
for the equipment for machine welding of HPH
coil tubeworks at NPP power units;

+ Development and justification of basic design
solutions for the equipment for machine weld-
ing of HPH coil tubeworks;

+ Development and elaboration of design pack-
age and specifications for the front-end engi-
neering design of the equipment for machine
welding of HPH coil tubeworks and its main
components.

Pursuant to PN AE and other applicable regu-
lations and standards, weld joints of HPH coil
tubeworksfor the straight sections of steel 20 tu-
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bes having a nominal diameter of 32 mm, a no-
minal wall thickness of 4.0 mm, and a 1-24-1
(C-24-1) bevel shall have a limit reinforcement of
2.0 £ 1.0 mm and a convexity of root weld of, at
most, 1.5 mm or a concavity of, at most, 0.6 mm. In
this case, a shift of HPH coil tubework edges shall
not exceed 0.4 mm.The weld joints of these tube-
worksare referred to the 3™ grade (subgradelllc)
according to PN AE G-7-010-89 and shall not
have any flaws or defects except for those permis-
sible by the mentioned PN AE and other appli-
cable regulations and standards of Ukraine in the
field of power engineering.

According to the applicable design documents
for HPH coils, the weld joints of tubeworks shall
be subject to 100% nondestructive test and de-
structive sampling for metallographic studies and
mechanical tests. Visual instrumentation control
and radiographic control are used as nondestruc-
tive methods.The destructive sampling of weld
joints of HPH coil tubeworksis carried out in ac-
cordance with applicable manufacturing docu-
mentation and design documents, with chemical
composition of weld metal checked, mechanical
properties of welds measured, and metallographic
studies performed.

Proceeding for the above, while carrying out
the engineering teststudies both destructive and
nondestructive methods, namely visual instru-
mentation control and radiographic control, met-
allographic studies, mechanical tests and deter-
mination of chemical composition of weld metal
and heat affected area have been used. To this
end, staff of the Chief Welder Department and
Metal Quality Assurance Service of Atomenergo-
mash Manufacturing Corporationof NAEC Ener-
goatom have been involved with available certi-
tied standard means of control employed.

Simulators of HPH coil tubeworks made of
steel 20 and having a nominal diameter of 32 mm,
a nominal wall thickness of 4.0 mm, and edges
machined in compliance with requirements of
PNAEG-7-009-89,PNAEG-7-010-89 and OST
24.125.02-89 have been used as samples for the
engineering test studies.

ISSN 2409-9066. Sci. innov. 2018, 14(2)
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The R&EC WCPE has studied the feasibility
of welding the joints of HPH coil tubeworks by
using machine orbital GTAW and auto-extrusion
or sequential penetration techniques developed
at the RDD Institute for Field Engineering Tech-
nologies (Moscow) in 1970—-1980 [12, 13]. Among
the auto-extrusion technique advantages there a
rather simple configuration of weld head (with-
out filler rod feed) and the simplest requirement
for edge pretreatment — 1-21-2 (C-39) bevel —
a common facing with a mandatory bevel of 0.3 x
x 45° on the inside tube edge, which leads to dif-
ficulties with radiographic control. The first pass
in the case of auto-extrusion is made with through
penetration of tube wall (for the tubes with a wall
thickness of nominal outer diameter ratio S/Dtu-
be > 0.1. After this, several additional passes
without through penetration are done. The au-
to-extrusion technique is effective for welding
the tubes withwall thickness up to 3.0 mm, made
of materials having a high linear expansion fac-
tor and a low heat conductivity, which is typical
for corrosion-resistant austenitic steels (for ex-
ample, 08X18H10T) [12, 13]. The sequential
penetration technique is a type of auto-extru-
sion technique. Its advantage lies in the fact that
the joints are welded at fixed parameters of
welding conditions of each pass. The welding
conditions are chosen based on partial penetra-
tion (up to 2/3 wall thickness) at the first pass.
With further passes the penetration depth grad-
ually increases, and simultaneously weld reinfor-
cement from inside and outside grows [12, 13].
The studies at RDDI FET and R&EC WCPE
have proved that the sequential penetration
technique is advisable to be used for welding the
tubes having a diameter up to 40.0 mm and a
wall thickness less than 3.0 mm.

The R&EC WCPE engineering teststudies by
numerous trial welds of HPH coil tubework sim-
ulators using GTAW equipment, including Ukrai-
nian trial samples (ADC 625 UZ.1 machine for
GTAW) [7, 9], have convincingly proved that it
is impossible to obtain a stable quality of welds of
HPH coil tubeworks using GTAW by auto-extru-
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Fig. 2. Application of trial sample ADC 625 UZ.1 for GTAW
of HPH coil tubework simulators

sion and sequential techniques because of electro-
physical properties of HPH coil tubework mate-
rial and dimensions.

Fig. 2 shows an example of application of ADC
625 UZ.1 machine trial sample for GTAW of HPH
coil tubework simulators.

Firstly, as compared with the austenitic steels,
the carbon steels (to which steel 20 belongs) have
a much lower linear expansion coefficient and a
significantly higher heat conductivity. This makes
impossible to ensure sufficient compression loads
for thermoplastic strains required for GTAW by
auto-extrusion or sequential penetration tech-
niques. Secondly, the nominal wall thickness of
HPH coil tubeworks amounts to 4.0 mm, while .S/
Dtubeis 0.125, i.e. close to the lower limit for the
application of GTAW by auto-extrusion or se-
quential penetration techniques.

Upon the experiment results it has been estab-
lished that in the case of GTAW, all these factors
in combination with real conditions of heat re-
moval enable to ensure neither through penetra-
tion of HPH coil tubework welds required by
standards and design specifications, nor stable
quality of weld formation.
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At the same time, long-term studies (including
those carried out at the Paton EWT of the NAS of
Ukraine) and practical experience have shown
that the use of activating flux, for instance, oxide
flux BC-2e developed at the Paton EWT, enables
to essentially increase (2—3 times) the penetra-
tion depth and to ensure a proper geometry of
weld joints for TIG or GTAW [14—19]. The TIG
or GTAW with the use of activating fluxes (here-
inafter referred to as ATIG and GTAW-A, respec-
tively) do not require beveling (only facing is
necessary) for welding of 4—16 mm thick steel
elements. Also, their advantages are a significant
decrease in the number of required passes (as
compared with TIG or GTAW) and, consequent-
ly, in the total welding time, a large reductionin
consumption of welding materials and power, a
low specific consumption of activating fluxes.
These advantages have conditioned a successful
application of ATIG and GTAW-A for manufac-
turing high-pressure vessels,for welding elements
of landing wheels and engine bodies of aerospace
vehicles, and so on [16]. Also, a successful experi-
ence has been accumulated in using ATIG and
GTAW-A based technologies in trial welding of
circumferential rotary and fixed joints of tube-
works in thermal and nuclear power engineering

Table 1
Parameters of Rotator Simulator for Trial Welding
ofRotary Joints of HPH Coil Tubeworks of NPP Units

Parameter of rotator simulator Value
Nominal diameter of HPH coil tubeworks,
mm 32
Nominal wall thickness of HPH coil tube-
works, mm 4,0
Welded item rotation speed range (welding
rate), rpm >1,0-7,0

Nominal voltage of single-phase power sup-
ply network, 50 Hz,V 220

Power source (AC—DC converter) of reverse

rotator electric drive, W >200
Nominal output voltage of DC of reverse ro-
tator electric drive, V +24

[16, 19]. However, ATIG and GTAW-A have some
disadvantages, in particular, the lack of tools for
machine application of activating flux layer, com-
plexity of control over its uniformity(which
strongly depends on human factor), the lack of
standard and certified measuring tools for this
control, limitations on the time between the layer
application and the start of welding and the use
of aerosol activating fluxes. These disadvantages
are the most likely reason for the fact that ATIG
and GTAW-A have not been widely used in pow-
er engineering of Ukraine so far. The use of these
techniques is not foreseen in the applicable regu-
lations and standards and requires special appro-
vals specified in PN AE.

Taking into consideration the disadvantages of
ATIG and GTAW-A they cannot be deemed promi-
sing methods for welding HPH coil tubeworks.

One of the most widespread methods (at the
piece production, preproduction, and commercial
levels) is MAG welding. In the case of MAG tech-
nique, both electric welding arc and melt metal
are protected from effect active carbon dioxide
(CO,) from air. This gas acts as oxidizer with re-
spect to weld puddle metal and saturates it with
carbon as a result of collision with gaseous mix
formed from CO, dissociation in the arc [20, 21].
In the case of welding in CO, environment with
the use of rods of any diameter, two types of mass
transport are possible:with periodical short cir-
cuits and without short circuits. For the MAG
process, a high arc energy concentration and a
better (as compared with manual arc welding)
penetrability, which ensures a high efficiency of
this welding technique.

At the same time, the MAG technique has sev-
eral disadvantages, includinga high spatter at the
most efficient welding conditions, which leads to
additional labor inputs for cleaning the articles to
be welded and the weld gun nozzle; a rather low
quality of weld surface (unevenness and rough
ripples); a low stability of arc welding with a large
number of arc short circuits.

The engineering test studies have shown that
in the case of welding the rotary joints of HPH

ISSN 2409-9066. Sci. innov. 2018, 14(2)
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coil tubeworks the MAG technique ensures a high
efficiency of welding and a required penetration
depth without any complications. However, pro-
per weld formation gets slightly complicated.
Hence, this technique is considered suitable for
welding HPH coil tubeworks with certain reser-
vations, provided the welding conditions are re-
producible and their parameters are stable all
welding cycle long.

At the same time, in all advanced economies
and in Ukraine the machine welding in argon-ba-
sed gaseous mixes (MIG+MAG) has got wide-
spread [22—24]. In the case of MIG+MAG tech-
nique, thewelding process with fusible electrode
takes place in environment consisting of argon
(80—95% of the total volume) and a small amount
oxygen of other oxidizing gas (usually, CO,),
which notably improves the stability of arc burn-
ing andthe quality of weld formation and almost
prevents welding conditions with arc short cir-
cuits.In this case, there are the range of welding
conditions characterized with the drop metal
transfer and the range with the jet (aerosol) tran-
sfer. As compared with MAG, this type of mass
transfer has several technological advantages,
among which the most important are satisfactory
fusion coefficient and deposition rate factor (we-
ight of electrode metal welded per ampere per
hour and weight of metal deposited per ampere
per hour, respectively), spattering and sputtering
on base metal and weld gun nozzle, changes in
weight of fused base metal and shape of weld pen-
etration, as well as a much lower intensity of
chemical effect on the weld puddle metal. Al-
though, as compared with the MAG technique, in
the case of MIG+MAG the penetrability decreas-
es by 10—20% and to reach the same penetration
depth it is necessary to increase weld current, the
latter ensures the following:

+ A higher quality of weld joint (smooth surface
with gradual transition to the base metal);

+ Several times reduction in electrode metal loss
from spattering;

+ A notable reduction in labor input for cleaning
the base metal from spatters;

ISSN 2409-9066. Sci. innov. 2018, 14(2)
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Fig. 3. Simplified kinematic model of horizontal rotator for

engineering test works: 7 — DC electric motor with adjust-

able rotation speed, 2 — double-stage planetary reducing

gear; 3 — spindle with movable clamps; 4 — tubework to be
welded

+ Creation of favorable conditions for the use of

impulse processes [23, 24];

+ An improvement in mechanical properties of
weld metal;

+ Possibility of welding with extended stick-out
of electrode wire.

Taking into consideration the advantages of
MIG+MAG technique as well as the results of en-
gineering testworks at the Paton EWTand R&EC
WCPE, there are weighty reasons to state that
for welding the rotary joints of HPH coil tube-
works of NPP units the MIG+MAG technique
(mainly, in argon and CO, environment)is one of
the most effective and efficient methods.

To carry out the engineering testworks on wel-
ding the rotary joints of HPH coil tubeworks us-
ing the MAG and MIG+MAG techniques a mod-
el welding machine has been created. It consists
of a control box BC-3005, a semiautomatic weld-
er A-547 with trial samples of switch desk and
welding gun designed for feeding the electrode
wire with a nominal diameter of 1.0 and 1.2 mm,
and a rotator simulator (assembled, mounted, ad-
justed, and tested at R&EC WCPE) with a DC
110 W, 24V electric engine, type 13.120.45.1.2.1, an
encoder 05.2420.1112.0100, Ups =5-24V,, apo-
wer source NES — 200-24, and a module of rota-
ry actuator controller M11616.20.11.000. A simpli-
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fied kinematic scheme of the rotator simulator is
shown in Fig. 3, a principal electric circuit scheme
is given in Fig. 4, and the simulator parameters
are in Table 1.

The simulators of HPH coil tubeworks having
anominal diameter of 32 mm, a nominal wall thick-
ness of 4.0 mm, a vee, and made of steel 20 prepa-
red for welding in compliance with requirements
for regulations, standards, and design specifica-
tions have been welded using the MAG and MIG+
MAG techniques. Before this, 2—3 tack welds for
each weld joint were made by the TIG technique
in argon environment, at a weld current of 80—
100 A, using a trial sample of special power source
N11617 UZ.1 for TIG. Upon the results of several
series of trial welding it has been established as
follows:

+ The weld joints by the MAG technique with
forced short circuits of thin electrode wire have

Table 2
Basic Optimized Parameters of Equipment
for MIG+MAG Welding of HPH Coil Tubeworks

Parameter Value
Nominal diameter of HPH coil tubeworks,
mm 32
Nominal wall thickness of HPH coil tube-
works, mm 4.0
Weld current adjustment range, A 110-130
Operating arc voltage adjustment range, V 20-24
Nominal diameter of fusible electrode (ma-
inly Cs-08I'CorCs-08I'2C wires), mm 1.0
Welded item rotation speed range (welding
rate), rpm 1-7
Range of adjustment of fusible electrode
(mainly, C-08T2C or C-08T20HII'7T wi-
re) feed rate, m/h 120-160
Shift of fusible electrode (wire) axis with
respect to the vertical, angular degrees 15-20
Shift of fusible electrode (wire) axis with
respect to the vertical, mm 10-15
Number of full-ring passesper one weld
joint 2
Duration of welding cycle per one joint, s, 5.0
Weld gun cooling Gas

a necessary penetration depth, but require ca-
refully selecting the welding conditions and ke-
eping them with an accuracy of, at least, +5 %
while welding. Some simulators of HPH coil
tubeworks have defects of welds, among which
the most typical are sagging, undercuts, un-
smooth transition to the base metal, and rough
ripples of the facing surface;

+ The weld joints by the MIG+MAG technique
not only have a required penetration depth, but
also are almost free from inadmissible defects.
This case is notable for a favorable transfer of
electrode metalwith a negligible spatteringand
contamination of welded article with electrode
metal spatters, with the quality of welds fully
meeting the requirements of PNAE T'-7-009-
89. This has been confirmed by tests using VIC
and other methods for nondestructive and de-
structive control of weld joints of HPH coil
tubeworks carried out at special independent
certified laboratory of the Quality Assurance
Department at Atomenergomash Manufacturing
Corporation of NAEC Energoatom.

Upon results of experiment and engineering
studies at R&EC WCPE, the basic requirements
for the MIG+MAG equipment for welding of
HPH coil tubeworks have been defined and opti-
mized. These requirements underlie the Terms of
Reference for R&D project «Outline Design of
Equipment for Machine Welding of HPH Tube-
works of NPP Units of Ukraines. The basic opti-
mized parameters of equipment for the MIG+
MAG welding of HPH coil tubeworksare given
in Table 2.

Also, it has been established that in addition to
the requirements listed in Table 2, the equipment
for machine welding of HPH coil tubeworks shall
ensure, while welding, the stability of such pa-
rameters as weld current, operating arc voltage,
rotation speed (welding rate), with an accuracy
of, at least, 4%, fusible electrode (wire) feed rate,
with an accuracy of, at least, £5%, duration of wel-
ding cycle, with an accuracy of, at least, £10%, as
well as reliable clamping and centering of both
tubeworks to be welded to each other in order to

ISSN 2409-9066. Sci. innov. 2018, 14(2)
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ensure their synchronous rotation and to avoid
the use of preparatory tack welds.

Pursuant to the defined and optimized require-
ments of Terms of Reference for research and de-
sign project «Outline Design of Equipment for
Machine Welding of HPH Tubeworks of NPP
Units of Ukraine» a technical proposal on basic
design solutions for equipment has been devel-
oped and approved. These solutions have under-
lain an outline design of equipment for machine
welding of HPH coil tubeworks and its compo-
nents developed at R&«EC WCPE.

One of the most important component of the
equipment for machine welding of HPH coil tu-
beworks is its horizontal rotator that ensures a
reliable fixation of tubeworks to be welded, their

ISSN 2409-9066. Sci. innov. 2018, 14(2)
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self-centering and almost synchronous rotation
around the common longitudinal axis at the weld-
ing rate, all welding time long.

Fig. 5 shows a general view of horizontal rotator.

According to the outline design, the horizontal
rotator for arc welding of tubeworks has two fixed
supports — the driving 7 and the auxiliary 2 ones —
mounted on the common frame 3. Every support
is equipped with a driving roller 4 and a bearing-
roller 5. On the driving support7, there is mount-
ed a drive consisting of an electric engine6and a
gear box 7 located on the same axis. The driving
support 7 is equipped with a set of gear wheels.
The first one (8) is mounted on the output shaft
of gear box 7 and is coupled with idle gear wheel
9 that, in its turn, is coupled with gear wheel 70.
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The gear 10 is located on the same shaft with the
driving roller 4 that sets the tubular billet 77 in
motion with a welding rate. The set of gear wheels
of the auxiliary support consists of coupled idle
gear wheel 72 and gear wheel 73. The gear wheel
13 is located on the same shaft with the driving
roller of the auxiliary support. This roller sets the
second tubular billet 74 in motion with a welding
rate. The idle gear wheels of both supports are
connected to each other with shafts 75 and 76 vi-
aexpansion coupling 77. The tubular billets are
supported by the driving and the bearing rollers
and are pressed to them by pressure rollers 78 and
19 mounted oncantilevers 20 and 27. The cantile-
vers change their spatial position using double
cylinders 22, which gives required mating force
between the driving rollers and the tubular bil-
lets. The tool (gun) 23 is fastened with clamp 24
fixed in corrector 25 that enables adjusting the
gun positioning with respect to thebutt weld.
The gun is set in the working position and put
back to the position for billet load using the dou-
ble cylinder 26 with embedded guide. The sup-
ports are placed at a distance from each other,
which enables to weld the tubular billets and to
avoid the temperature effect. The rotator is equip-
ped with cradles 27 and 28 with ball joints for
placement and shift of long tubular billets.

The rotator operates as follows: to load the tu-
bular billets the gun 23 and the pressure rollers
18 and 719 are set in the starting position using
the cylinder 26 and the cylinders 22, respectively.
The billets 77 and 74 are taken from the rack and
put into the cradles 27 and 28, with their buttspo-
sitioned in the welding zone. After this, the left
pressure roller 78 using the cylinder 22 presses
the billet 77 to the driving roller 4 and the bear-
ing roller 5. The pressing force is adjusted by va-
rying pressure of compressed air. The butt of bil-
let 74 is interfaced with that of billet 77 and pres-
sed by the roller 79 to the driving and bearing
rollers of the auxiliary support 2. In this way, the
billets are centered with respect to each other.

The gun 23is led to the welding zone with fur-
ther positioning with respect to the weld using

the corrector 25, by turning the clamp 24 with
respect to the corrector and by moving the gun
with respect to the clamp. The welding cycle is
performed in accordance with preset welding
conditions and algorithm. The billets are rotated
due to friction with the driving rollers 4 driven
by the electric enginebvia the gear box 7 and
toothed gear, with rotation frequency (and weld-
ing rate andstep-over moves) regulated by the
electric drive. Rotating torque acts on both tubu-
lar billets, which prevents undesired displacement
of edges.The kinematic errors caused by differ-
ence between the real dimensions of gear elements
is compensated by flexible coupling 27. After the
completion of welding cycle, the gun 23 and the
pressure rollers 718 and 79 are put back to the
starting position. For making the next weld joint
the welded billets shift towards their longitudi-
nal axis along the cradles 27 and 28 relying on the
ball joints of the cradles until the required butt
reaches a position for welding. Further, the next
billets are loaded and the process is repeated.

A 200 W Lenze SPL62-6PVCR—-056N21DC gea-
red motor designed for a nominal voltage of 24 V
is used in the rotator. At the nominal voltage, it
gives a torque moment of 50 N x m, the number of
revolutions of output shaft is 24 rpm, a reduction
coefficient is 123.97. The geared motor is used in
the rotator to ensure the real conditions for ma-
chine welding of joints of HPH coil tubeworks
that shall revolve at a much lower speed as com-
pared with the rotation speed of the output shaft.

The rotation speed of output shaft is stabilized
using output information pulses of encoder
05.2420.1112.0100, U = 5—24 V, coaxially con-
nected with free output of motor shaft The geared
motor rotation speed and direction are stabilized
and controlled using a unified module of rotary
drive controller 111 616.20.11.000 and its exter-
nal means of control (AC resistor «V. » and For-
ward — Stop — Back switch) demgned at R&EC
WCPE. The NES—200-24 power source that is a
AC-DC compact inverter with stabilization of
DC output voltage ensures DC supply (including
power supply circuits). While developing the out-
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Fig. 5. Simplified appearance of the rotator for arc welding of tubeworks
(legend and explanations are given in the text, conventional signs of

cross sections — see A-A and b-F)

line design of horizontal rotator it was decided to
place the module of rotary drive controller MNIJ,
616.20.11.000 and power source of power supply
circuits in the single housing configuration — ro-
tator’s drive control unit.

The output shaft of geared motor is reinforced
with toothed gear Z, = 17 that rotates the idle
gear wheel. Due to the toothed gear, the gear
wheel Z, = 51 fixed on the shaft of driving rolling
rotates simultaneously with revolution of this
idle gear wheel. In addition, this idle gear wheel
via its shaft is coaxially coupled with the shaft of
other idle gear wheel that due to the toothed gear
rotates the gear wheel fixed on the shaft of driv-
ing roller of the auxiliary support. The driving
and bearing rollers, as well as the pressure roller
controlled by a separate cylinder ensuremount-
ing and clamping of the second straight section
and its centering with respect to the first straight
section. The shafts of idle gear wheels of the driv-
ing and auxiliary supports are connected to each
other by a flexible coupling that enables almost
synchronous rotation of both straight sections to
be welded. This is one of innovative features of
proposed horizontal rotatorfor arc welding of
tubeworks [25].

The other specific feature of the proposed rota-
tory of equipment for machine welding of rotary
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joints of HPH coil tubeworks is the fact that
welding of rotary joints does not require prelimi-
nary tack welds that can adversely affect the
quality of weld joints.

Pursuant to the terms of reference, technical
proposal, and outline design of the rotator, taking
into consideration the necessity of shifting the
axis of fusible electrode (the gun nozzle) with re-
spect to the vertical the rotator has a two-posi-
tion unit for gun feed. It ensures in the first (non-
operating) position such spatial location of the
gun that in no way prevents fast and free mount-
ing, clamping, and centering of tube straight sec-
tions to be welded to each other, while in the other
(working) position, the gun location meets speci-
fied electrode stick-out, arc voltage (length) and
shift of fusible electrode axis with respect to the
vertical required for high-quality welding. To real-
ize this, the two-position unit for gun feed includes
a corrector of working position of the gun. The
unit is controlled by means of pneumatic control
with blocking operations that do not comply the
given welding cycle. The two-position unit includ-
ed in the rotator and algorithm of its operations
also can be considered innovative solutions.

The configuration scheme of the rotator used
for positioning the gun for a particular stage of
welding cycle is shown in Fig. 6.
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Fig. 6. Scheme of rotator for positioning the welding gun for certain stage of welding: 7 — transversal corrector; 2 — cylinder
with guide; 3 — swivel clamp; 4 — support with clamp for gun; 5 — welding gun

The outline design of equipment for machine
welding of HPH coil tubeworks foresees using a
unit for compressed air preparation (CAPU) de-
veloped and manufactured by Camozzi for power
supply to the pneumatic devices containing ele-
ments of pneumatic control. The CAPU reliably
operates provided pressure of fed compressed air
ranges from 0.40 to 0.63 MPa (from 4.0 to 6.3
kg*s/cm?).

Upon the results of studies at the Paton EWT
and R&EC WCPE, TOR requirements, and tech-
nical proposal, the welding part of the equipment
for machine welding of HPH coil tubeworks shall
contain a welding cycle control unit (WCCU)),
an inverter-type welding power source with fla-
tor gently-sloping external volt-ampere charac-
teristics (VAC), gas-cooled MIG/MAGgun and
launch protection equipment unit (LPEU).

The WCCU shall control the welding process
which cyclogramis shown in Fig. 7.

As RUN pulse leading front reaches WCCU, a
gas valve is triggered in the welding power
source (WPS) and shielding gas starts to flow
through the gun nozzle hole. This is the start of
preset and smoothly adjustable time interval t,
GAS BEFORE WELDING (Pregas) that lasts
till the WPS, electrode wire feed drive, and ro-
tator drive simultaneously turn on, whichexcites
the welding arc by touch. The welding starts
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and lasts for a preset and smoothly adjustable
time interval t,:

t,=Thp, +k x Tnp,=w x (d, +kxd,))/V,

where Tiip , is duration of the first full-ring pass of
welding arc; £ = (1.10—1.15) is coefficient that
factors duration of over lapping; Tip, is duration
ofthe second (facing) full-ring pass of welding
arc; d, is nominal inner diameter of HPH coil
tubeworks; d, is nominal outer diameter of HPH
coil tubeworks. As STOP pulse leading front
reaches WCCU, the electrode wire feed drive is
shut down, with welding current dropping by
25—30%, arc voltage decreasing by 1.5—2.0 V.
The arc «stretching» starts and lasts for 7, until
its natural extinction as a result of wire burnout.
During t, the crater of weld puddle at the joint of
HPH coil tubeworks is welded-up. At the end of
t,, the WPS and rotator drive are shut down, and
a preset and smoothly adjustable time interval t,
«GAS AFTER WELDING» (Postgas) starts. In
this time interval, the welding zone is blown with
shielding gas (or gaseous mix). At the end of 1,
the gas valve shuts down and the welding cycle
ends.

As the cyclogram (Fig. 7) shows, the WCCU
provides:
+ two ways of controlling the operation of com-

ponents and mechanisms of the equipment for
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machine welding of HPH coil tubeworks — the

manual and the machine ones in two operation

modes of equipment — ADJUSTMENT and

WELDING;

+ smooth adjustment and presetting of electrode
wire feed rate, Pregas duration, welding time
(until STOP pulse leading front reaches), Post-
gas duration, and automatic stabilization while
adjusting or welding.

The WCCU is configured as printed circuit bo-
ard (PCB) on which all its elements, except for
the control bodies are mounted. The control bod-
ies can be installed either on the WPS control pa-
nel or on the panel of rotator drive control unit of
the equipment for machine welding of HPH coil
tubeworks, or (if necessary) on the operator sta-
tion. The WCCU has respective plugs and sockets
for connecting WPS circuits with the gasvalve
and the electrode wire feeder, as well as the circu-
its of operator station and rotator of the equipment
for machine welding of HPH coil tubeworks.

As a result of the engineering test studies it has
been established that to reach high-quality multi-
pass weld points of HPH coil tubeworks using
the MIG + MAG technique, the optimal welding
conditions shall have the following parameters:
welding current ranging within 110—130 A; op-
erating arc voltage within 21—23 V;and welding
rate within 1—6 rpm. The wire (mainly Cs-08TC
or CB-08T'2C) with a nominal diameter of 1.0 mm
can be used as fusible electrode, its feed rate shall
range within 120—160 m/h. It has been establi-
shed that among numerous inverter-type WPS avai-
lable in the Ukrainian market, the inverter-type
power source MIG/MAG/TIG/MMA 303 by
Tesla Weld, which contains a semi-automatic ma-
chine for arc welding MIG 303 with a standard
electrode wire feeder and a gun for semi-machine
gas-cooled arc welding MB 15AK by ABICOR
BINZELis the most suitablefor meeting the requi-
rements of TOR and technical proposal solutions.

The basic specifications of MIG/MAG/TIG/
MMA 303 power source are given in Table 3.

The analysis of basic specifications of MIG/
MAG/TIG/MMA 303 power source has shown
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Fig. 7. Cyclogram of welding of HPH coil tubeworks: WPS —

welding power source; 1, — Pregas time interval; t, — time of

welding without interruption between the first and the se-

cond passes; T, — time interval of welding arc stretching be-

fore the arc extinction and welding-up of the crater; 1, —
Postgas time interval

that they, as well as VACof this WPS are suitable
for meeting the technical requirements of TOR
and engineering test works, except for duration
of Pregas and Postgas intervals. In addition, pur-
suant to the operation algorithm of this power
source as established by its developer, the natural
burnout of electrode wire upon the completion of
welding cycle with almost simultaneous auto-
matic cut-off of welding current, stoppage of wire
feed, and shutdown of gas valve. To remove the
mentioned shortcomings of MIG/MAG/TIG/
MMA 303 power source (typical for other ana-
logs available in the Ukrainian market, as well)
R&EC WCPE has developed a WCCU and elab-
orated a control system for this WPS, which
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caused the necessity to foresee the installation of
a connector on its rear panel(wall) for interfacing
the WCUU, provided the WCUU cannot be em-
bedded into the WPS.

In the case of use of MIG/MAG/TIG/MMA
303 as WPS for presetting the welding conditi-
ons — arc voltage and electrode wire feed rate — stan-
dard means of control and LED indicators of this
WPSlocated on its front panel (control panel)are
used. The appearance of the panel is shown in Fig. 8.

Fig. 9 features the appearance of electrode wire
feeder of MIG/MAG/TIG/MMA 303 power source.

The manufacture and tests of WCCU unit mo-
dels and finalized control system of MIG/MAG/
TIG/MMA 303 power source have enabled es-
tablishing that this finalized power source that
keeps its technical characteristics is capable of
performing the welding cycle shown in Fig. 7. The
adjustment range of Pregas duration is, at least,
from 1.0 to 10.0 s; that of Postgas duration is, at
least, from 10.0 to 30.0 s.

To simplify connecting the components of the
equipment for machine welding of HPH coil tu-
beworks tothe power supply network, to enable

Table 3
Basic Specifications
of MIG/MAG,/TIG/MMA 303 Power Source

Parameter Value
Welding current adjustment range, A 32
Duration of load under the highest welding
current, % 80
Operating arc voltage range, V 14—28
Electrode wire diameter range, mm 0.8—4.0
Rang of independent adjustment of electric
wire feed rate, m/h 60—600
Duration of Pregas (gas before welding), s 0.8—1.0
Possible welding conditions for MIG +
MAG technique 2T, 4T
Duration of Postgas (gas after welding), s 1.0—1.5
Single-phase network voltage, frequency 50
Hz, V 200—240
Maximum electric power consumed, kW 5.0
Weight, kg 15.5
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the «Emergency Stop» mode with almost imme-
diate and full deactivation of all its components
and their additional automatic protection from
long-term overload by feed current, and from
permanent short circuit the R&EC WCPE has
designed and developed a LPEU.

The presence of automatic single-pole switch-
with independent breaker inthe LPEUcircuit en-
ables:

+ activation and deactivation of voltage supply
to the equipment for manual welding of rotary
joints of HPH coil tubeworks;

+ thermal protection of the equipment for manu-
al welding of rotary joints of HPH coil tube-
worksfrom long-term current overloads, i.e. from
feed current exceeding more than 1.45 times its
nominal value, and electromagnetic protection
from short circuit currents (3—12 times excess
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of feed current) in the case of their appearance
in the components of the equipment for ma-
chine welding of rotary joints of HPH coil tu-
beworks;

+ rapid (almost immediate, £ < 2 ms) remote
deactivation of automatic switch, ie. total
shutdown of the equipment for manual weld-
ing of rotary joints of HPH coil tubeworksand
all its components by operator command Emer-
gency Stopor automaticallyin the case of cur-
rent overloads or short circuit currents in the
components ofthe equipment for machine wel-
ding of rotary joints of HPH coil tubeworks.

CONCLUSIONS

The engineering test studies at the Paton EWT
and R&EC WCPE have shown that for meeting
the requirements of regulations and standards
applicable in the field of power engineering of
Ukraine, as well as the approved TOR concern-
ing the quality and efficiency of welding of HPH
coil tubeworks made of steel 20 and having a di-
ameter of 32 mm, a wall thickness of 4.0 mm, and
a bevel 1-24-1 (C-24-1), the most effective, cost-
efficient, and suitable among machine arc weld-
ing methods used in Ukraine isthe multi-pass
MIG + MAG technique (fusible electrode (wire
with asolid diameter) in shielding gas environ-
ment (argon — 80—85%, carbon dioxide — 15—
20%). The MIG + MAG method enables:

+ high-quality weld for mation: smooth surface
with a gradual transition to the base metal;

+ 3—4 times reduction in the electrode metal loss
as a result of spattering, 8—10 times reduction
in labor input for cleaning the base metal from
spatters, and improvement in mechanical pro-
perties of weld metal, as compared with the
MAG technique;

+ the creation of favorable conditions for the use
of pulse processes [23, 24];

+ welding with extended electrode stick-out [21].
The effectiveness of multi-pass MIG + MAG

technique for welding HPH coil tubeworks has

been established to significantly depend on the
quality of their preparation for welding, which
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shall comply with requirements of regulations
and standards applicable in the field of power en-
gineering of Ukraine, including PNAE G-7-008-
89, PNAE G-7-009-89, andOST 24.125.02 — 89
concerning weld joints with 1-24-1 (C-24-1) bevel.

2. As a result of the engineering test studies it
has been established that to assess the quality of
weld joints of HPH coil tubeworks obtained by
machine welding it is enough to use the nonde-
structive (VIC and RGC) and destructive sam-
pling methods foreseen in the applicable design
and technical documents and other regulations in
the field of power engineering (including PNAE
G-7-010-89).They ensure completeness, reliabil-
ity, and accuracy of control required for verifying
the compliance of weld joints of HPH coil tube-
works with PN AE G-7-009-89, PNAE G-7-
010 — 89, and OST 24.125.02 — 89,and other re-
gulations applicable in power engineering of Uk-
raine as well as with national and international
standards (for instance, European standards EN
12062, EN 25817, EN 13972). The quality assur-
ance operations shall be based on the application
of standard certified means of measurements com-
monly used in power engineering of Ukraine and
other industries of Ukraine and approved by the
State Committee on Technical Regulations and
Consumer Policy of Ukraine.

3. As aresult of the engineering test studiesand
tests of simulators of individual units and mecha-
nisms of the equipment for machine welding of
HPH coil tubeworks, the basic requirements for
this equipment and the basic parameters of weld-
ing conditions of MAG and MIG + MAG tech-
niques for welding using electrode wire (mainly
CB-08I'C or CB-08T2C wire) with a nominal di-
ameter of 1.0 mm have been identified and opti-
mized. Two passes of arc welding have been estab-
lished to be enough for obtaining high-quality
welds of HPH coil tubeworks.

4. The electric drive that may contain a geared
motor with a safe supply voltage (up to 27 V), a
double output shaft, an encoder that generates a
fixed number of pulses per one full revolution en-
gine shaft, and a control system (control of rota-
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tion speed i.e. welding rate) is important for the
operation of units and mechanisms that ensure
quick and smooth mounting, clamping, and self-
centering of HPH coil tubeworks (straight sec-
tions of tubes) before welding and their with-
drawal after automatic end of welding cycle. Ithas
been established that this geared motor shall have
a capacity, of at least, 100 W and shall ensure the
rotation speed of both straight sections ranging
from1.0 to 7.0 rpm using a speed reduction gear.
In this case, the unified rotator drive module 11T
616.20.11.000 can be used as basis for the electric
drive control system,

5. As aresult of the engineering test studiesand
tests of simulators of separate units and mecha-
nisms of the equipment for machine welding of
HPH coil tubeworksand the developed technical
proposal, it has been established that for quick
and smooth mounting, clamping, and self-center-
ing of HPH coil tubeworks (straight sections of
the tubes) a two-position weld gun feed unit is
necessary. This unit shall enable, at least, in semi-
automatic mode, such spatial location of the gun
that in no way prevents fast and free mounting,
clamping, and centering of tube straight sections
to be welded to each other and their withdrawal
after the full completion of the welding cycle, in
the first (non-operating) position, and such gun
location that meetsthe specified electrode stick-
out, arc voltage (length), and shift of fusible elec-
trode axis with respect to the vertical required
for high-quality welding, in the other (working)
position.Tothisend, the two-position unit for gun
feed shall have a corrector (or correctors) of the
gun working position.

6. Having analyzed opportunities, configura-
tion, reliability, engineering and economic indi-
cators of the best Ukrainian and foreign samples
available in the Ukrainian market, as well as the
requirements of regulations and standards appli-
cable in power engineering of Ukraine and TOR
it has been established that none of the samples
fully meets the requirements for the creation of
Ukrainian equipment for machine welding of
HPH coil tubeworks. In terms of engineering and
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economic indicators, the most cost-effective is an
inverter-type welding power source MIG/MAG/
TIG/MMA 303 (developed and manufactured
by Tesla Weld), which combines welding power
source suitable for MIG + MAG welding with
electrode wire of solid diameter, and semi-auto-
matic machine MIG 303 for arc welding with a
standard electrode wire feeder. However, even
this power source needs upgrading its control
system in order to ensure the operation of re-
quired components of welding cycle and the pa-
rameters of optimized welding conditions. There-
fore, while developing a technical proposal and
an outline design of the welding component of
the equipment for machine welding of HPH coil
tubeworks it was proposed and decided to up-
grade the MIG/MAG/TIG/MMA 303 welding
power source.

7. While developing the technical proposal for
the equipment for machine welding of HPH coil
tubeworksa scheme and configuration solutions
for LPEU have been proposed. These solutions are
based on developments of R&EC WCPE and en-
able to fully meet the TOR requirements concern-
ing safety and control system of the equipment.

8. The engineering test studies and tests of si-
mulators of separate units and mechanisms of the
equipment for machine welding of HPH coil tu-
beworksand the developed TOR, technical pro-
posal, and outline design of this equipment and
its basic components have ensured all precondi-
tions for creating detailed specifications (includ-
ing design and service documentation), manufac-
turing, and carrying out the trials and premarket
testing of commercial samples of components of
the Ukrainian equipment for machine welding of
HPH coil tubeworks of NPP unitsand its com-
missioning,.
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CYYACHE BITHU3HAHE OBJIAJHAHHSA JIJIA MEXAHIZOBAHOTI'O 3BAPIOBAHHA TPYBOIIPOBO/IB
BHUCOKOTO TUCKY JIPYTOTO KOHTYPY EHEPTOBJIOKIB AEC YKPATHU

Beryn. [IpuHnnmnoBo HeoOXiHUME CKIAMOBIMH IPYTOr0 KOHTYPY SIEPHUX €HEPreTUYHIX PEAKTOPIB 3 BOJOIO TIijl THC-
KoM € migirpisaui Bucokoro tucky (IIBT). Cuipani IIBT npusHaueHo s migirpiBaHHs )KUBUJIbHOI BOAU 10 HEOOXiZHOT
TeMIIepaTypH 3 MOAAJIBILIOI ogadero ii Ha TernooOMinHuK — aporedeparop (I1T). [lapa, o yrBoproerbes y [T, Haaxoaurh
10 TypOiHM, SIKa IPUBOAUTS Y [0 esleKTporeHepaTopu eneprobioky AEC.

IIpoGaemaTuka. OCHOBHUM YMHHUKOM, 1[0 CYTTEBO OOMEKYE MPOJYKTUBHICTD CTBOPEHHS 3BAPHUX 3'€/[HAHb TPYOHUX
esemenTiB criipaseit IIBT mpu iX BUPOOHMIITBI I pEMOHTI Ta BUKJIMKAE YTBOPEHHS B HUX Je(DEKTIB, € crocib iX 3BapioBaHHs,
IO JI0 CBOTO/IHI 3aCTOCOBYETHCS Y BITUM3HAHIN MPAKTUIN — CIOCIO PYYHOTrO 3BapIOBaHHS HEIIABKUM €JICKTPOJIOM Y cepe-
noBuli iHepTHUX ra3iB (mani — TIG) 3 mopavero mpucagHOTO APOTY.

Mera. [locuiakeHHs criocoOiB MiBUIIEHHST IPOAYKTUBHOCTI 3BapIOBaHHs 3'€/[HaHb TPYOHUX ejeMeHTiB cripaieil [IBT
Ta piBHA cTabIIBHOCTI IX AKOCTI, a TAKOK PO3POOKA Cy4aCHOTO BITYU3HAHOTO TEXHOJIOTIYHOTO 00IaHAHHS /It BIIPOBAKEH-
H$ BIJIITPAI[bOBAHUX ITPOIIECIB.

Marepiaum it Mmetoau. /[i1 BUKOHAHHS OCJiKEHb OYJI0 BUKOPUCTAHO 3pa3Ki — iMiTaTopy TPyOHUX €JIEMEHTIB cIipa-
qeit I[IBT 3i cram 20. Bukopucrano MeTonn MaTeMaTUIHOTO Ta KOMITIOTEPHOTO MOJIEJTIOBAHHS, HATYPHOTO MaKeTyBaHHsI,
JIOCJTITHUX 3BapIOBaHb, HEPYHHIBHOTO Ta PYHHIBHOIO KOHTPOJIIO, MAIIMHHOTO MTPOEKTYBAHHSI.

Pesyabratu. [[0cinizKeHO MOKINBICTD 3aCTOCYBaHHS PI3HUX CIIOCOOIB [yTOBOTO 3BapIOBAHHSI 3'€[HaHb TPYOHUX eJIeMEH-
TiB cnipazeii [IBT, BusHaueHo HallonTUMAJIbHININIA 3 HUX, & TAKOK BCTAHOBJICHO MaKCUMAJIbHO e)eKTUBHI ITapamMeTpu pe-
JKUMIB 3BapIOBAHHsI Ta TEXHIYHUX BUMOT JI0 BITYM3HSIHOIO KOMILIEKCY TEXHOJIOITYHOTO OOJIa/IHAHHS /IS BAKOHAHHSI [[bOTO
mpotiecy, po3pobieHo texuivne 3apaanisa (T3) Ha BUKOHAHHS TOCJiIHO-KOHCTPYKTOPCHKUX POOIT 3 €CKi3HOTO MPOEKTYBaH-
HsI TAKOTO KOMIIJIEKCY Ta HOT0 OCHOBHUX CKJIAJIOBUX YAaCTHH, HATIPAI[bOBAHO iHHOBAIiiiHi TexnHiuHi nmporosutii (T1I) momo ix
CKJIaLy, 100y/J0BY, KOHCTPYKTUBHUX Ta IHIINX TEXHIYHKUX PillleHb.

BucHoBku. BeranoBiieHO, 110 /118 BAKOHAHHS YMHHUX BUMOT HOPMATUBHUX JIOKYMEHTIB Ta MOTO/KEHOTO i 3aTBEp/IKe-
Horo T3 100 SKOCTi i IPOAYKTUBHOCTI BUKOHAHHS 3BapHUX 3’€/lHaHb TpyOHUX esemeHTiB cripaseir [IBT 3i crani 20,
HaiibinbII e(eKTUBHUM Ta PallioHaIbHUM € crocib 6aratonpoxinHoro spapoBarisg MIG + MAG — muiaBKUM eJIeKTPOIOM
(eJIEKTPOIHUM IPOTOM CYIJIBHOTO Mepepisy) y cepeloBuIIi cyMmiln 3axucHux ra3is. Pospobieno Ta moromkero TII momo
CXEMO-KOHCTPYKTHBHUX PillleHb 3 TI00YA0BU OCHOBHUX (DYHKIIIOHAIbHIX BY3JIB Ta MEXaHI3MiB 0OJIaHaHHsI AJIsl peastisanil
1[OTO CIIOCO0Y.

Knwuoei canosa: IIBT, cripani IIBT, mexanizoBaHe 3BapioBaHHsl, 3BaplOBaIbHUIT 06epTay.
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COBPEMEHHOE OTEYHECTBEHHOE OBOPYJOBAHUE
JIJIA MEXAHU3MPOBAHHOII CBAPKU TPYBOITPOBO/IOB
BbICOKOI'O JABJIEHIA BTOPOI'O KOHTYPA OHEPTOBJIOKOB A9C YKPANHDBI

Beeaenue. [IpuHimnmaibHO HEOOXOAUMBIMU COCTABJISIIOIMMUAMY BTOPOTO KOHTYPA SI/IEPHBIX SHEPIeTUYECKUX PEaK-
TOPOB € BOJIOH TOJ] IaBJIEHUEM SBJISIOTCS TogorpeBatesu Bicokoro gasiaenus (11B/]). Crnupanu [TB/] npepnasnauerst
JUIS1 IOJIOTPEBA TUTATENBHOI BOJIbI /10 HEOOXOANMO TeMITePaTyphbl ¢ MOCIe/AyIONIeH Tojiaueil ee Ha TernI000MEHHUK — Mapo-
rereparop (IIT). O6pasyomuiics B 11T nap nocrymaer B TypOuHy, IPUBOSIILYIO B A€iiCTBUE 3JIEKTPOreHEPATOPbI SHEPIO-
6s0ka AIC.

IIpoGaemaTuka. BaxktbiM (hakTOpPOM, CYIECTBEHHO OIPAHMYKUBAIOIIUM [TPOU3BOJUTENBHOCTD CO3AHUSI CBAPHBIX CO-
eluHeHNI TpyOHBIX deMeHTOB cripasieid [IB/] ipu ux mMpousBOACTBE U PEMOHTE ¥ BbI3BIBAIOIINX 00pa3soBaHKe B HUX Jie-
bexTOB, stBIISIETCSI CIIOCOO WX CBAPKU, IOHBIHE IPUMEHSIEMbIN B OTEYECTBEHHOII IIPAKTHKE — CII0CO6 PYYHOI CBAPKU HeTLIa-
BSIIUMCSI 9JIEKTPOJIOM B cpejie mHepTHBIX ra3oB (nanee — TIG) ¢ mogaveit npucamounoil mpoBOJIOKH.

Iens. Vceaenosanue cnoco6OB TOBBIIEHUST TPOM3BOJAUTEILHOCTH CBAPKU COCIMHEHIH TPYOHBIX 2JIEMEHTOB CIIUPa-
neit TIB/l n ypoBHS cTaOUIBHOCTH UX KayecTBa, a TakkKe pa3pabOTKU COBPEMEHHOTO OTE€YECTBEHHOIO TEXHOJOIMYECKOro
060pyI0BaHuUs I/l BHEAPEHUsT OTPabOTaHHBIX IIPOIIECCOB.

Marepuasst u MeToAbI. [[JIs1 BHIIOJHEHUST UCCJIE0BAHIIT HCIIOIB30BAIUCH 0OPA3Ibl — UMUTATOPBI TPYOHBIX 3JI€MEH-
toB crinpasieit [1B/] u3 cramm 20. Mcnosb3oBainch METOIbl MATEMATHUECKOTO U KOMITBIOTEPHOTO MOZIEJTUPOBAHUS, HATYPHO-
IO MAKETUPOBAHUS, OIIBITHBIX CBAPOK, HEPA3PYIIAIONIEr0 U Pa3pyHIAIONIET0 KOHTPOJISA, MAITMHHOTO IIPOEKTHPOBAHUSI.

Pesyubrarsl. VcciegoBana BO3MOKHOCTD IPUMEHEHUSI Pa3HbIX CIOCOOOB JyTOBOIl CBAPKHU COEAMHEHMIT TPYOHBIX
asieMeHTOB crimpadeii IIB/I, onpeaenen Hanbosee OnTUMAIbHBIN M3 HUX, a TAK/KE YCTAHOBJIEHbI MAKCUMAJIbHO 9(h(eKTHB-
HbIE TIAPAMETPHI PEKUMOB CBAPKU M TEXHUYECKUX TPEOGOBAHUI K OTEUECTBEHHOMY KOMILIEKCY TEXHOJIOTMYECKOTO 000PY10-
BaHWUSI JJIs1 BBIIOJHEHUST 9TOTO Ipoliecca, paspaborano texuuueckoe saganue (T3) Ha BbINOJIHEHNE OIIBITHO-KOHCTPYKTOPC-
KUX paboT MO 3CKU3HOMY TIPOEKTHPOBAHUIO TAKOTO KOMILIEKCA M €r0 OCHOBHBIX COCTaBHBIX YacTeil, HapaboTaHbl MHHOBA-
nuoHHble Texunueckue npesiokerns (TII) B oTHOIIEHNN UX cocTaBa, MOCTPOEHUS, KOHCTPYKTUBHBIX U JIPYTHX TEXHUYECKUX
peteHut.

BbiBO/bI. YCTAHOBJIEHO, UTO JIJIsI YIOBJIETBOPEHUST IEUCTBYIOMUX TPeGOBAHUI HOPMATUBHBIX JJOKYMEHTOB, U COTJIACO-
BAHHOI'O M yTBepsKAeHHOro T3 KacaTeJbHO Ka4ecTBa U MPOU3BOAMTENbHOCTH BBIIOJHEHUSI CBAPHBIX COEMHEHUIT TPYOHBIX
snementoB crmpaseil IIBJ] co cramu 20 wanbosiee spheKTUBHUM U PAMOHATIBHBIM SIBJSIETCSI CIIOCOO MHOTOIPOXOIHOMN
cBapkt MIG + MAG miaBsimuMcst 97eKTpoioM (3JIEKTPOIHON TIPOBOJIOKOH CILIONIHOTO CEYEHUST) B CPE/I€ CMECH 3alUTHBIX
razos (apron — 80—85 %, yraekucabiii raz — 15—20 %). Paszpaboranbl u cormacoBatbl TII 110 CXeMHO-KOHCTPYKTHBHBIM
PEIIEHUSAM TTOCTPOEHHS! (HYHKIIMOHAIBHBIX Y3JI0B 1 MEXaHU3MOB 000PY/I0BAHNUS JIUISI PEATU3AIIH HTOTO CIIOCO0a.

Knwuesvie cnosa: 11B/l, ciupanu [1B/l, MexanuszupoBaHHasi cBapKa, CBAPOYHBIN BpaIllaTeib.
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