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TPUPOBaHHbIE CHUCTEMBI MEHEMKMeHTa. PykoBon-
CTBO MO MPAKTUYECKOMY MPUMEHEHUI0» [6], B Ko-
TOPOM TIPHBE/IEHBI PEKOMEHAAINH 110 BHEAPEHUIO
WHTETPUPOBAHHBIX CcHUCTeM MeHemkMeHTa (IMS-
CHCTEM) Ha NPENNpHUITUSIX BCEX OTpaciel, BHE
3aBHCHMOCTHU OT MX TuMa # pasMepa. CtaHmapTom
PEKOMEHJOBaHO Ha HAauaJbHOM 3Talle ONpeeIeHne
cTpykTypbl IMS-cucremsl, Hanbonee mogxonseit
JUISL OpTaHU3alny, TIPH 3TOM JIOJKHBI YUUTHIBATHCS
1enu Ou3Heca, JOCTYIHBIE U KOMITAHHN PECYPCHI
u obnacte npuMeHerns IMS-cuctemsr. Ha cieny-
foreMm atane B [OCT P 58542-2019 pernamentu-
poBaH cOOp M aHaIKM3 MPOU3BOACTBEHHON HH(OP-
Mally¥, B TOM YHCIIE COCTaB y4eTHOH HH(opmaryy,
TTO3BOJISTIONIEH CPOPMHUPOBATH KOHIIETIIIHIO CHCTE-
MBI ¥ IIepeYeHb HEOOXOIUMBIX Mep.

Ha srame peannzarms IMS-cuctemsr Tpebyercs
ee ajanTanys K OM3HeC-IoTPeOHOCTAM KOHKPETHOM
KOMITaHHH C YY€TOM PaHee BBIJETICHHBIX aCTEKTOB.
Cucrema nomkHa OTOOpaXkaTh OW3HEC-TIPOIECCHI,
CYILECTBYIOIIHE B KOMITAHWH, W TOAJCP>KUBATh BbI-
OpaHHYIO €10 CTPAaTEeTHIO JIOCTHKEHNS HAMEUEHHBIX
neneil. g ycnemmnoi peammsarmu IMS-crctembr
HeoOXoIMa aKTUBHAsI ITOJIEP>KKa CO CTOPOHBI PyKO-
BoZicTBa Kommanuu. [lociie coopa naHHbIX 1 HHDOP-
Maluu JO/DKHA MPOBOIUTHECS OLIEHKA 3aperucTpH-
POBaHHBIX MaTEpHAJIOB, OTYETOB, CTATUCTHYECKUX
JaHHBIX. 3aTeéM, Ha OCHOBE 3TOH OLIEHKH, BHOBb
OIIPEJIEISTIOTCS €U U MEPBI, KOTOPBIE COPHEHTUPY-
10T TPOU3BOJCTBEHHBIC UKJIBI B HY)KHOM HaIlpaB-
nenuu. Bee paboune npouenypbl, IpoLecchl, peria-
MEHTBI H T.II., JIOJDKHBI OBITh 3a8JJOKyMEHTHPOBaHBI.
IMS-cucTema MoxeT OBITh pealn30BaHa Ha OCHOBE
PDCA-Monenn wim ¢ MpUMEHEHHEM IPOIECCHOM
mozenn. Peammzarmst IMS-crcTeMsl Ha OCHOBE TIPO-
LECCHOM Mozienu TpeOyeT nostydeHus: nHgpopManmu
0 (akruueckoil cutyarn. Tak ke ONPeIesstoT-
csi mpouecchl IMS-cucteMbl U TOKYMEHTUPYIOTCSL.
IIpoBepka u onenka npoueccos IMS-cuctemsl, kop-
PEKTHPYIOIIME MEPHI TaK ke He MeHee BaxHBI. 11o-
MHMO 3TOTO B cTaHzaapre B pasaene «llommepxxa
U nanpHeimee pasputue IMS-cHCTEMBI» Tak ke
OITKCaHbI Ollepali, HEOOXOAUMBIE K BBIIOJIHEHUIO
nocie BHeapeHus: IMS-cuctemsl.

Takum 00pa3oM, B CBSI3M C MHOTOYHCIICHHBI-
MH IpeleAeHTaMH POCTa KOPPYIILMY B HACTOALIEE
BpeMsi HEOOXOIMMBI MEPOTIPHUATHSI, HallpaBJICHHBIE
Ha MpPEIOTBpAIICHHE BO3HHUKHOBEHUS KOPPYIILH-
OHHBIX PUCKOB. VX pa3paboTka J0IKHA OBITH BbI-
MOJIHEHAa C y4YEeTOM OCOOEHHOCTEH AesTeNbHOCTH
OpraHM3alMi U UX CTPYKTYPHBIX ITOJpPA3/ICICHHH.
TpeOyroT DambHEHIIero HCCIeAOBaHMSI PUCKH yTPO-
361 OECTIPHCTPACTHOCTH OPraH WHCIIEKIUH, B 9acT-
HOCTH, B YCJOBHUSIX JAEATEIBHOCTH CTPYKTYPHOTO
noapaszzaenenus OO0 «IMT».
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Welding is traditionally used to provide a reli-
able, permanent connection. The welding process
is carried out by the local application of different
types of energy: electrical, mechanical, chemical,
etc. Like any modern technological process, the
welding process is successfully automated.

Various ways of automation or robotization
have been considered by the authors of a large
number of scientific articles and training publica-
tions. Successful solution of problems related to
automation of technological process is also impor-
tant for further development of the whole weld-
ing production.

Modern advances in the field of microelectron-
ics and computer technology have significantly ad-
vanced the technological capabilities of the new gen-
eration welding equipment developed on their basis.
Their application in welding production allows to
achieve the highest productivity with the minimum
deviation of the geometric dimensions of the weld.

Compared to manual welding, automated weld-
ing provides an increase in productivity, savings in
consumables, electricity and reduction of weld-
ing deformations.

Electric arc welding, contact welding, diffu-
sion welding, friction welding as well as ultrasonic
welding are widely used in industry.

However, not all welding methods are suitable
for the automated welding process. Electron-beam
welding performed in vacuum chambers is the most
optimal. In this type of welding, the electron beam
has a sufficiently high concentration of energy used
for welding more demanding structures.
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Electron-beam welding is performed in vacu-
um chambers, which is a prerequisite for a stable
process. However, laser welding, as opposed to
electron-beam welding, does not require vacuum
chambers. Laser welding process takes place in
an atmosphere of air or in a neutral gas shielding.
Therefore, it is possible to use laser welding for
joining structural elements of any size.

The welding process is a complex system and
should be considered as a multidimensional con-
trol object, presented in Figure 1. For this type of
objects the operation modes are defined by a set of
physical parameters X (¢) termed state variables,
as well as inputs g (¢), output y (¢) and the disturb-
ing F (1).
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Fig. 1. Schematic diagram
of a multidimensional control object

The disturbing influences can be applied at dif-
ferent points of the object. In fact, due to the exis-
tence of perturbations, the need for regulation aris-
es. The character of disturbances is always random,
but their nature depends on the nature of the object.
These may be changes in: the speed of the electric
motor (due to changes in the load or the voltage
supplying the main indicator of quality — the diam-
eter of the core point — in the process of welding. In
addition, difficulties arise from the peculiarities of
the welding process: the short duration and inter-
mittent nature of the welding process; high energy
parameters of the equipment; strong interference
created by powerful electromagnetic fields of the
welding circuit.

n automated process control systems (PCS), it
is possible to distinguish structures with central-
ized, decentralized and combined control. In sys-
tems with central control, the task of signal process-
ing for formation of control actions is solved by the
central digital control device, connected by many
communication channels with the object (objects)
of control. The general structural diagram for this
case is shown in Figure 2.

It contains the control object(s) DT, a digital
control device DTM, a number of input analog-
to-digital converters ADC and output digital-to-
analog converters DAC, connected to the DUT
actuators. If you control a complex multi-dimen-
sional object, for example, by the length of the

seam defines the current coordinates of the joint.
To avoid storing an excessively large number of
coordinates, the entire joint is automatically di-
vided into piecewise linear sections that approxi-
mate the curvilinear joint with a given accuracy.
For each section, only the coordinate of the end
of the section (node point) needs to be entered
into the computer memory. Subsequently, during
the welding process, the computer calculates the
coordinates of all intermediate points using lin-
ear interpolation from the coordinates of the node
points. When making curved welds, the ACS
ensures a constant contour welding speed by ad-
justing the travel speed according to the x and y
coordinates accordingly.
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Fig. 2. Structure of a centrally controlled process
control system

The advantages of the automated laser welding
process open up new opportunities for the develop-
ment of technological processes for processing ma-
terials in a number of areas of both mechanical and
instrumentation engineering. This is due to the high
power density of laser radiation, over other wide-
ly used in production. When using an ACS with a
centralized control with a relatively large memory
of the computer, which allows to set the program
for changing the parameters of the welding mode
of almost any complexity. This control mode also
provides simultaneous implementation of toler-
ance control of all parameters of laser welding pro-
cess mode.
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