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Summary. Arc mechanized and automatic welding and surfacing with melting electrode is constantly
being improved. This improvement is carried out in several directions, including technical means, technological
methods, electrode materials and protective media. Recently, special attention has been paid to pulse technologies
of welding and surfacing, the development of which is based on modern achievements in the field of technical
equipment. Using pulse algorithms of the welding equipment main systems, you can get controlled transfer of the
electrode metal, which enables to control the shape of the welded joint, the penetration, the heat-affected zone, the
energy costs of the process and the consumption of active materials. Inverter sources of welding current with
various control algorithms are widely used to control the transfer of electrode metal. The experience and
experimental investigations show that high level results of welding and surfacing processes can be obtained by
applying feeders with pulsed control algorithms. At the same time there are several directions of this arc process
type. These are pulsed processes with predetermined parameters of frequency, porousness, and amplitude of
impulses formation of the electrode wire movement. In E. O. Paton EWI the new method of the pulse movement
control of the electrode wire — with metered feed was developed. This process is carried out using feedback on the
arc process parameters — current and voltage. At present, all designs of pulse feed systems are based on the use
of the new development — gearless, high-speed computerized electric drive with the use of valve motors. Such
electric drive provides pulse feed frequency up to 50 Hz, which makes it possible to control the transfer of electrode
metal using solid steel and aluminum wires, as well as flux-cored wires in different spatial positions. The universal
motion control system for electrode wire for mechanized and automatic welding and surfacing equipment has been
developed, which allows to choose the method and all parameters of the pulse feed, as well as visually monitor the
set parameters, as well as the parameters of the arc process. The developed system has no analogues.
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Introduction. Mecanized arc welding and surfacing, equipment and technologies for
its implementation are constantly being improved along with the tasks of the application
efficiency increase whereas the quality of work, expansion of condition use, reduction of energy
and material costs are the basis for this.

Pulse technologies of the mechanized arc welding and surfacing based on the electrode
metal transfer control by means the controlled pulse electrode movement are now being
developed due to a number of properties which make it possible to improve considerably
technical-technological characteristics of both equipment and results obtained by their means
and they are extensively presented in papers [1, 2, 3] and depend on the structure possibilities
of the applied feed system.

The objective and task. The objective of this paper is: to consider the new structure of
the combined control system for conventional feed with the wide speed range as well as
algorithm of controlled pulse feed; analysis of possible application of such system for welding
process control as a whole.
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Universal system of electrode wire feed control for mechanized electric arc welding and surfacing equipment

Main part. Welding — surfacing with electrode pulse feed having parameters performed
according to the rigid program is presented graphically in Fig. 1. Such a program provides
sufficiently high results in practical application, but the implementation of such algorithm for
pulse generation has some difficulties in pulse parameters settings which are
usually based on the results of the
previous investigations or
experiments. It should be noted that
any change in energy characteristics of
the arc process, for example, caused
by the fluctuations of wire extension, .
changes in resistance of its movement !
into directive channel or current fimp
conductive tip affects the efficiency of
welding — surfacing with pulse
electrode feed on rigid program.

Welding -surfaingwih pulse g SO S e v e i
elec_tmde fe_ed on “g_ld program _IS t:::—time ofymovement in Sulse, pause and r,e\llrg';’sep'
carried out in two main ways — with
unregulated or partially regulated [4] parameters and with regulated parameters [5]. In this case
the results of the process performance are different.

The possibility of control efficiency for electrode metal transfer process and, thus,
welding — surfacing process can be arranged by means of monitoring at least one of the arc
process energy parameters — current or voltage. It is evident that electrode feed control should
be constructed applying synergetic algorithm [6]. Such welding process control method was
developed and was called in accordance with essence of the pulse electrode movement
arrangement — dosed feed. Algorithm of the dosed feed control is presented graphically in Fig.
2 and described in details in [7]. Here it can be added that while applying the welding method
with electrode dosed feed three parameters are set:

- current level lsz min (Iwel.min), Where feed is switched on;

- current leve ctpymy L max (lwel.max) Where ythe feed stops;

- the speed of the electrode wire feed in impulse (Vf.r.).
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Figure 2. Algorithm of the control system for electrode material dosed transfer with arc process current
parameters: lwer is welding current; Uwe is welding voltage; a is drop immersion into the bath; b is pause at the
feed rate; c is feed start; d is short circuit
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The combination of these parameters determines the electrode metal transfer character
including those with short circuit of arc gap and without it with forced drop immersion into the
bath, etc.

The method was tested and perfected in comparative experiments in automatic mode
during surfacing of the low, vertical (horizontal and vertical rollers) overhead position using
solid (in CO2) and powder self-protected electrodes. Welding of thin-sheet aluminum alloy
(electrode AMg with diameter 1.0 mm, product with thickness 0.9 mm) with efficiency 2 times
greater than the efficiency of welding with non-consumable electrode was performed. The
surfacing process was performed on both reverse and direct polarities. In all cases sufficiently
significant results were obtained:

- low loss of electrode metal (2...4 times less than in traditional welding methods);

- less energy consumption (by 10...25% in comparison with traditional methods of
electrode feed);

- the possibility to control the geometric dimensions of weld and weld bead.

The package of high-speed rectifier drive with direct-driven feed mechanism and
computerized control was used in this paper [8]. Electric drive and control system were
specially designed for use in welding equipment. This package for dosed electrode feed was
refitted by newly developed devices for measuring the arc process current, connection with
electric drive, setting and checking of introduced parameters Iz min (Iwel.min), lss max (Iwel.max), Ve
(Vf.r.). It should be specified that synthesis of the electric drive regulator was carried out with
the possibility of obtaining maximum high-speed operation with minimum overshoot. In this
case the intelligent control unit providing necessary high-speed operation is introduced into the
regulator. The electronic motor with permanent magnet of domestic development (one of the
most efficient motor structures of this type) providing acceptable for problem solution at
maximum operation speed the shaft torque with feed roller is used in the feed system.

On the basis of the previous developments and experimental investigations complex the
universal control system for electrode feed providing the implementation of the listed below
feeds was developed:

- classic electrode feed with the wide range of speed regulation;

- pulse feed velocity with regulation of all pulse movement parameters;

- dosed feed with feedback coupling on the arc process current;

- dosed feed with feedback coupling on the arc process voltage.

The choice of the feed method as well as parameters regulation for selected electrode
movement is performed by the switch, herein in each switch position there is the possibility to
determine necessary movement parameters.

All setting motions of pulse feed are controlled on the display during the control system
setup, and arc process parameters are displayed during the welding process.

Current sensor on the basis of Hall effect with dual supply providing accurate and fast
measurement of in-line (set) value of welding current is used in the control system.

Remote control of the welding current source is carried out either by the relay open
contact or by means of special switch included in control unit construction.
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Figure 3. Universal control unit for electrode feed: 1 — switch for selecting and
setting the chosen feed methods; 2 — display; 3 — setpoint controller of feed

parameters

The  control
unit includes power
supply, rectifier drive
regulator, as well as
computerized control
unit with required
interface.  Physical
configuration of the
universal unit of
electrode feed control
is shown in Fig. 3.
The ease if
installation of any
feed mode with
required parameters is
provided only by two
control  elements —
parameters  setting

regulator and selection switch and installation of arc process selected methods with parameters
reproduction on the display. The display additionally represents the arc process parameters —
current and voltage with specially selected characteristics of visual control, particularly for

processes with pulse electrode feed.

Unit tests were carried out on the basis of the mechanized device (semiautomatic device)
with power source of simple construction with step switching of open circuit voltage. In order
to prevent significant levels of pulse amplitude decline in guide channel, the hose holder with

1.8 m length was used.

The structural diagram of the mechanized device (semiautomatic device) with the
universal control unit application which makes it possible to consider the semiautomatic device
structure, units and systems connections is presented in Fig. 4.

®) PRODUCT

SOURCE PANEL CONTROL MECHANISM
WELDING FEED
CURRENT "
o RS,
o Q o= - B
o= 52
345
oS L 2EEE
z £ S E0
WELDING == £ %S
SENSOR  — 2§ z =
= o &
\
ELECTRODE WIRING ||
/ [ MECHANISM

Figure 4. Flow chart of the mechanized device (semiautomatic device) with universal control unit application
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As the result of testing the semiautomatic device with universal feed control unit it is
determined that structurally introduced possibilities for electrode feed parameters are
practically realized. This refers particularly to conventional feed (velocity range
60 ... 960 m/h) as well as pulse feed where the maximum speed in impulse is not less than
960 m/h. In this case the regulated frequency of pulse feed is the range 5 ... 60 Hz. It is easy to
calculate that acceleration of electrode movement during pulse feed can reach
15 ... 18 m/s2. These parameters according to engineering literature [9] can provide controlled
transfer of electrode metal without short circuits of the arc gap (periodical drop release),
particularly, during aluminum and its alloys welding.

Characteristic oscillograms of the
arc process current during semiautomatic
welding in CO2 in lower position of
coppered electrode CO8I2C with
diameter 1,2 mm are presented in Fig. 5.
What calls attention to itself is the fact of

distinctness of current pulses followed
with the frequency of the given pulse
feed. In this case the feed is also

T | characterized by definite current pulses
M S58.80ms CH1 /8.88m.

but with certain deviation of frequencies
and porousness.

The results of welding and
surfacing in different spatial positions,
particularly, while forming the joints and
weld beads are presented in the above
mentioned references.

Circuit techniques provided high
interference protection tested under
; intense industrial conditions. More
S— detailed investigation of the possibility of

M SO Oms K 20.0ns universal control system application was
carried out on automated installation
f;t:: enabling welding performance —
%g;?” surfacing in lower position, on vertical
Ve plane (horizontal and vertical welds and
= rollers). The installation presented in Fig.
Spare 6 is equipped with the mechanism for
CHI horizontal and vertical movement of
M welding solderer with regulated electric
CH drives as well as set of setting and
_ 6 <10Hz eI corrective devices.
FE ] W M Pos-500.8ms It should be noted that the new

development is technical prototype for

Figure 5. Oscillograms of the arc process current at semi- . . N
industrial replication.

automatic welding during feed: 1 — conventional,
2 —pulse; 3 — dosed
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Figure 6. Installation with universal control system for the
electrode feed, providing the possibility of welding-
surfacing in the lower position (variant A), on the vertical
plane (horizontal and vertical welds and rollers) (variant B):

1 — feed mechanism; 2 — universal control unit

Conclusions. The universal electrode feed control system with different movement

character is an original development with extensive possibilities and has no analogues. It makes
it possible to solve a wide range of engineering-technological problems of welding and
restoring (surfacing) production. While applying the new method of the electrode metal transfer
control, significant results — low level of electrode metal loss (2...4 times less compared with
traditional welding methods); less energy consumption (by 10...25% compared with traditional
welding methods); possibility to control the geometrical dimensions of weld or weld bead, etc.
were obtained. Successful tests of the new electrode feed control system in the structure of both
welding semiautomatic device and automated installation make it possible to conclude that it
can be used in the manufactured industrial equipment.
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YHIBEPCAJIbHA CUCTEMA YIIPABJIIHHSA TOJAYI
EJEKTPOAHOTI' O APOTY AJIA MEXAHI3OBAHOI'O
OBJIAITHAHHA EJIEKTPOAYI'OBOI'O 3BAPIOBAHHSI 1
HAIIJTABJIEHHA

I'ennagii Kyk
IE3 imeni €. O. [lamona HAH Ykpainu, Kuis, Yxpaina

Pe3tome. [[yeose mexanizosane U asmomamuyHe 36apHOGAHHA MA HANLABNIEHHS eleKmpoOOM, AKUL
NAABUMbCSL, ROCMIUHO 600CKOHATIOEMbCS. YOOCKOHANEHHS 0 3 KITbKOMA HANPAMKAMU, WO MICTUMb MEXHIYHI
3aco0u, MexXHON02TUHI NPUloMU, eleKMpPOoOHi mamepianu il 3axucHi cepedosuwya. OcmanHim wacom ocobausa
yeaza NPUuoiNAEmMbCA IMIYIbCHUM MEXHONO2IAM 38APIOBAHHA U HANIABIEHHS, PO36UMOK AKUX OA3YEMbCA HA
CYUACHUX OOCSACHEHHAX Y 2any3i mexHiyHux 3acobis. Bukopucmosgyrouu imnyavchi aneopummu pooomu 0CHOBHUX
cucmem 368apro8anbHO20 0DNAOHAHHS, MOXCHA OMPUMAMU KePOBaAHe NepeHeCceH s eleKmpPOOH020 Memany, AKUl
00360.715€ YNPAGIsmuU (POPMOI0 36aPHO20 3'€OHAHHS, NPONJABNIEHHAM, 30HOI0 MEPMIYHO20 GNIUBY, eHEPLeMUYHUMU
3ampamamu Ha npoyec i BUMpamu aKkmueHux mamepiania. /[na ynpaenintsa nepeHecenHam enekmpooHo20 Memaiy
WUPOKO 3ACMOCOBYIOMbCA THEEPMOPHI 0dcepend 36ap8aibHO20 CIMPYMY 3 PISHUMU AN2OPUMMAMU YAPAGLIHHA.
Ax noxazye 00c6i0 1l excnepumeHmanbHi 00CIIONCEHHs BUCOKO20 PIBHSL Pe3yIbmamie npu 8e0eH i 36apio8aAIbHUX
ma HANIAGNIGANbHUX NPOYECI8 MONCHA OMPUMAMU, 3ACMOCO8YIOYU MEeXAHIZMU Nno0ayi 3 IMNYIbCHUMU
aneopummamu ynpaeninus. IIpu ybomy icHyI0ms KilbKa HAnpsamKie ybo2o eudy 0y2068020 npoyecy. Lle — imnynbcHi
npoyecu 3 3a30a1e2iob 3A0AHUMU NAPAMEMpPamu, Yacnomor, WRApysamicmio i amniimyoow @QopmyeaHHs
iMnyascig pyxy enekmpoonoeo opomy. B IE3 in. €. O. [lamona po3po6ieno nosuii cnocio ynpasiiHusa iMnyib CHUM
DPYXOM eleKmpoOH020 Opomy — 3 00308aHOI0 nodauero. Lleti npoyec 30iICHIOEMbCA 13 3ACMOCYBAHHAM 360POMHUX
38'A3Ki6 3a napamempamu 0y2068020 npoyecy — cmpymy i manpyau. B oanuii uac yci xomcmpyxyii cucmem
iMnynbcHOi nooaui 0asyromMucsi HA 3ACMOCYB8AHHI HOB0I pO3pOOKU — 0e3pedYKmMOpHOMY, WEUOKOOIHYOMY
KOMR'tomepu3zo8aHomy  enekmponpueodi i3 3ACMOCY8AHHAM — BEHMUNbHUX — eNeKmpoosucyHis.  Taxutl
enekmponpugoo 3abesneyye yacmomy imnyibcHoi nooaui 0o 50 'y, wo 0036015€ 3a6e3neuumu ynpasiiHHs
nepeHecenHsIM eleKmpoOH020 Memany npu UKOPUCINAHHI CYYITbHUX CIAe8UX | AIOMIHIEGUX OPOMIB, A MAKOIC
HOPOUIKOBUX OpOMIE y PIZHUX NPOCHMOPOBUX NOA0dCeHHAX. Pospobneno ymeepcaﬂbuy cucmemy ynpagiiHHs pyxom
e1eKMpPOOHO20 OPOMY OISl MEXAHI308AHO20 MA ABMOMAMUYHO20 38API0BATLHOZ0 Ul HANIAB0YO020 ODIAOHAHH, O
00360/15€ eubupamu cnocio i 6ci napamempu IMRYIbCHOI nodaui, a mMaKodiC Gi3YaIbHO KOHMPOIIO8AmU
6CMAHOG/IEHI napamempu ma napamempu 0y206020 npoyecy. Ananoeie po3podieHa cucmema He Mae.

Knwouosi cnoea: wmexanizosane 38apioamHs — HANIAGLEHHA, eNeKMPOOHUll Opim, YNpPAaguiHHsA
nepeHeceHHsM, Ho8e 0ONIAOHAHHSL.
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