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The paper presents the results achieved in the ¿eld oI actual design and technical solution oI modern high�tech electron beam 
Zelding eTuipments in T+E ),5ST WE/',1* &20PA1< ,nc� The Iundamental conceptual approaches to solution oI modern 
technological comple[es Zith application oI poZerIul electron beam generator systems are described� The electron beam technological 
Zelding eTuipments are constructed modularly Zith special attention paid to harmonisation oI hardZare and soItZare compatibility� 
The individual modules oI technological unit are periodically innovated Zith respect to the progressive Zorld trends in the ¿eld 
oI electrotechnics� drive systems� computer control� mechanical modules and advances in vacuum technology� The contribution 
presents both the development oI principal modules Zhich Iorm the core oI technological Zelding comple[ such as stationary and 
movable electron gun� beam generation systems� vacuum chambers as Zell as au[iliary modules� Zhich are adapted to the needs oI 
modern industrial production and Tuality management� Among the e[amples� remote diagnostics oI electron beam machine by Zeb 
applications� module Ior monitoring and editing the parameters oI technological process can by ¿nd� Three e[amples oI diIIerent design 
oI electron beam eTuipments are documented and describes� � 5eI�� �� )ig�
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1. Introduction
The electron beam technologies are ¿nding their 
application in industrial production already Ior several 
decades� 'uring their utilisation they have brought about 
an immense merit to progress in actually all industrial 
branches� participating thus in e[cellent results that have 
been achieved in development oI scienti¿c knoZledge 
and technical progress Ior the past �� years� These 
have played irreplaceable task in recognition oI space� 
progress in aviation transport and aviation industry� 
poZer engineering and general machine building >�@� 
They meet the parameters Ior incorporation into the 
group oI high�tech technologies� 'esign oI Zelding 
comple[es makes use oI neZ scienti¿c knoZledge and 
methods� materials and modern computer technology� 
An important role in their Iurther development is 
played by Iactors such as commercial availability� high 
reliability� application Àe[ibility and the Iact that they are 
immediately applicable to direct industrial applications�

,n the ¿eld oI development and supply oI electron 
beam machines� a system oI modular design Zas 
developed in the ),5ST Welding &ompany ()W&)� 
,n this system� uni¿ed modules are used as the basic 
building blocks� Technical criteria Ior Iunctional 
modules or units are set to meet a speci¿ed Iunction 
Zith high reliability� hardZare and soItZare are Iully 
compatible Zith other modules and alloZ Ior Zork 
in autonomous mode� According to the meaning 
and technical Iunction� modules can be divided into 
principal and au[iliary� The principal modules Iorm 
the core oI technological Zelding comple[ and 
assure the primary Iunction oI eTuipment� namely 

the Iabrication oI Zelded joints oI metallic materials 
in vacuum� The main modules comprise the poZer 
generator oI electron beam� Zhich is brieÀy called 
as a poZer block� electron gun� vacuum Zelding 
chamber� modules Ior vacuum generation in the 
Zelding chamber and in the electron gun� modules Ior 
positioning oI Zelded parts� &1& control modules� 
modules Ior monitoring and illumination oI Zelding 
process� The soItZare is an inseparable part oI 
technological comple[� The au[iliary modules are 
not necessary a part oI the eTuipment� hoZever they 
Iul¿l an essential Iunction in setting and monitoring 
oI process parameters� creation oI process databases� 
protection oI Zelded joints against deIect Iormation� 
e[tension oI technological capabilities oI eTuipment� 
alloZing the remote diagnostics� prophylactics and 
service oI the eTuipment� Zith utili]ation oI remote 
approach by the aid oI Zeb applications� )W& have 
at present completed design oI several tens uni¿ed� 
mutually compatible Iunctional modules Ior the 
delivery oI electron beam Zelding eTuipment� The 
concept oI modular design alloZs to satisIy actually 
nearly all technical and technological reTuirements 
oI customers in the highest Tuality and in the desired 
time terms� Some speci¿c reTuirements oI customers� 
mainly in deliveries oI high productive Zelding 
eTuipment are prevailingly solved by the adaptation 
oI design oI a selected module Zith application oI its 
conceptual solution�
2. Selected modules of electron beam welding 
equipment
,t is impossible to present all uni¿ed modules Zithin 
the e[tent oI this contribution� The IolloZing chapter � )� .olenic� /� .ovac� 5� Sekerka� P� )aragula� ����
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Zill present the signi¿cant modules oI Zelding 
comple[es Irom the production oI )W&�

2.1. Modules of beam generation system
The poZerblock belongs to the main uniIied 

modules and serves Ior creating the conditions Ior 
generation oI electron beam and its automatic control 
>�@� The electron beam itselI is Iormed in the electron 
gun� )W& is oIIering three poZer grades oI electron 
beam generators Zith type designation P= E% ���� P= 
E% �� and P= E% ��� All poZer blocks grades have the 
same e[ternal dimensions� they diIIer just in internal 
electrical connections� They are inserted into tZo uni¿ed 
��� racks 	 electronics cabinets type SchroII ()ig� �)�

The Iirst cabinet comprises a controllable and 
stabili]ed +9 source serving Ior acceleration oI 
electrons oI electron gun�  This source provides the 
kinetic energy to electrons� Zhich is transIerred to 
thermal energy aIter impingement on Zelded joint 
and servers thus Ior Iormation oI Zelded joint� The 
second cabinet comprises the au[iliary sources Zhich 
serve Ior heating the thermo�emission cathode oI 
electron gun� the source oI control voltage Zhich 
regulates and stabilises the Zelding current� the 
source oI current Ior magnetic beam Iocusing� the 
source system Ior magnetic beam deIlection and a 
logic P/& automat Ior the manual and�or automatic 
control oI poZerblock operation� The poZerblock 
type P= E% ��� generates the electron beam Zith 
ma[imum poZer oI ��� kW� At acceleration voltage 
oI �� k9 it provides the Zelding current Zithin the 
range Irom � to ��� mA� The poZerblock type P= E% 
�� generates the electron beam Zith ma[imum poZer 
oI �� kW and Zith Zelding current value adjustable 
Irom � to ��� mA at the voltage oI �� k9� 0a[imum 
current oI electron beam at the acceleration voltage 
oI �� k9 can attain ��� mA� )ig� � shoZs the 
mechanical design oI poZerblocks� Three poZer 
grades oI poZerblocks are conceptually built on the 
identical basis� they diIIer just in electronic out¿t�

The high�voltage source oI acceleration voltage is 
oI inverter type and it consists oI the IolloZing main 
parts�

�) +9 transIormer Zith rectiIier� Iiltration 
capacitors and measuring circuits situated in a 
separate vessel insulates Zith transIormer oil�

�) 0edium�IreTuency converter Zith a series�
parallel resonance circuit Zith the IreTuency oI �� k+]�

�) &ontrol� regulating� saIety and measuring 
circuits�

E[citation oI high�voltage transIormer is realised 
via a medium�IreTuency inverter (�� k+])� ,n the 
case oI this solution� the e[citing signal is Iormed 
by an alternating sZitching oI poZer transistors T�� 
T� and T�� T� connected in a bridge� Zhat Iorms 
the alternating voltage Zith rectangular course oI 
constant IreTuency in the bridge diagonal� This 
voltage is connected to the primary +9 Zinding 
via the serial�parallel resonance /& circuit� Zhich 
ensures almost ideal harmonic course oI the 
e[citation voltage and a more eIIicient energy 
transIer� Stabili]ation oI voltage and poZer regulation 
oI +9 source is solved by altered range oI transistor 
sZitching� Zhat alloZs a regulation intervention at 
the level oI several milliseconds� Advantage oI such 
a connection consists in application oI a constant 
sZitching IreTuency oI the e[citing current� Zhat 
alloZs to achieve very loZ ripple oI accelerating 
voltage at suitable selection oI Iiltration capacity 
oI the secondary circuit�  The measured value oI 
Zelding voltage ripple at the nominal source poZer 
output oI �� kW and the sZitching IreTuency oI 
�� k+] is at the level oI � ��� ��  The electronic 
anti�discharge protection is selectable by an au[iliary 
module to +9 source� The electric scheme oI +9 
source type P= E% �� kW is shoZn in )ig� ��

The au[iliary sources serve Ior generation oI 
electron beam and the desired setting oI Zelding 
parameters� These alloZ manual� automatic and�or 
program control oI Zelding current� Iocusing current 
and electron beam deÀection� The group oI au[iliary 
sources includes the current source Ior Iilament 
heating� source oI cathode bombarding current� 
voltage source Ior control electrode� the source oI 
Iocusing current and the source Ior beam deÀection�

The typical technical parameters of powerblock 
are as follows:

9alue oI accelerating 
voltage �����������������������������������������  controllable Irom �� to �� k9�
0a[imum poZer oI electron beam� depending 
on the type ���������������������������������������������������������������� ��� �� kW�
Stability and ripple oI acceleration voltage ���ma[imum � ��� ��
Stability and ripple oI Zelding current ����������ma[imum � ��� ��
Stability oI Iocusing current ���������������������������ma[imum � ��� ��

2.2. Electron gun module
The electron gun serves Ior generation� control 

and adjustment oI poZer electron beam Ior the 
technological operations oI Zelding and�or surIace 
treatment oI metallic materials >�@� ,t is the most 

)ig� �� The poZerblock type P= E% ��
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important part oI electron beam Zelding eTuipment� 
The poZer necessary Ior generation oI electron beam 
is supplied Irom the poZerblock� ThereIore� the 
gun and poZerblock must be mutually compatible� 
0odular concept recogni]es the stationary electron 
gun Zorking Irom outside at atmospheric pressure 
and the gun destined Ior applications in vacuum 
chamber ± movable electron gun� The stationary guns 
are situated on the Zelding chamber Zall to Zhich 
they are tightly vacuum�prooI attached� They are 
mostly attached to vacuum chamber statically and the 
Zelded joint is Iormed by programable positioning 
oI Zeld joint against the electron beam� Stationary 
electron guns have the same design Ior all output 
poZer graders� An e[ample oI design oI stationary 
gun is shoZn in )ig� ��

Such a gun cannot properly perIorm the Zelding 
operation unless it is eTuipped Zith the appropriate 
modules� permitting its basic Iunctions and Zhich 
enable an e[act setting oI electron beam on the 
Zelded joint� This is realised via au[iliary modules 
as the module oI gun pumping to a high vacuum� 

module Ior monitoring oI Zelding process and the 
module Ior process illumination� These modules 
together Zith the gun body are attached to a common 
base and create a separate unit� An e[ample oI 
placing the con¿guration oI au[iliary modules on a 
common base Zith gun is shoZn in )ig� ��

5egarding the design vieZpoint� the diIIerences 
betZeen stationary gun and movable gun Ior Zelding 
applications are minimum� consisting oI a small 
deviation in sealing the inner space oI the gun and 
the total Zeight� *reater diIIerences may be observed 
only in the system oI vacuum pumping oI both 
guns� The atmospheric vacuum gun is pumped by a 
turbomolecular vacuum pump� Zhich is additionally 
pumped also Zith a rotary vacuum pump� The 
movable electron gun is pumped only Zith a 
turbomolecular gun� Zhereas the rotary vacuum 
pump is unnecessary� since the vacuum is ensured 
by the vacuum system oI the chamber� The design oI 
vacuum electron gun is shoZn in )ig� ��

Another essential condition Ior correct operation 
oI this electron gun consists in its positioning to 
Zelding trajectory in the vacuum Zelding chamber� 

2.3. Module for positioning the vacuum electron 
gun

TZo types oI modules Ior positioning oI movable 
electron gun in vacuum chamber are designed� 

)ig� �� Electric scheme oI +9 source type P= E% �� kW

)ig� �� 'esign oI a module oI atmospheric gun
)ig� �� &onIiguration oI au[iliary modules oI the stationary 
electron gun
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These diIIer both conceptually and in the Zay oI 
application� )or the vacuum chambers oI medium 
si]e� the module oI tZo�a[ial positioning is designed 
in a &artesian coordinate system Zith addition oI a 
manual or Iully automatically controlled rotary a[is� 
'esign oI the tZo�a[ial module Zith a manual rotary 
a[is is shoZn in )ig� �� The x and z a[es are Iully 
program�controlled a[es ensuring the gun positioning 
in x-z plane� *un tilting in rotary a[is is perIormed 
manually� This system serves Ior Iabrication oI 
linear Zelds and in combination Zith an additional 
rotary positioner also Ior Iabrication oI the Iace and 
circumIerential rotary Zelds� The presented concept 
alloZs the location oI a Ieed mechanism Ior the 
additive manuIacturing Zith application oI a ¿ller in 
the Iorm oI Zire� Practical application oI this type oI 
positioning system is shoZn in )ig� ��

Another Zay oI electron gun positioning in 
vacuum is solved Zith application oI an adapted 
robotic system� modi¿ed Ior the operation in vacuum 
environment� This Zay oI electron gun positioning is 
suitable Ior application in large vacuum chambers� 
Positioning oI electron gun is assisted by an industrial 
robot type ,5% ���� in special adaptation Ior the 

Zork in high vacuum ()ig� �)� The A%% ,5% ���� 
represents industrial robot Zith � a[es� �� kg carrying 
capacity and ���� mm Zorking radius� ,t is provided 
Zith control unit type ,5&� and 5obotWare soItZare� 
The robot is situated on a carriage oI vertical support� 
Zhich in the Iunction oI Iully controlled a[is alloZs 
the robot positioning in its vertical Z a[is� The 
additional «Z» a[is has e[tended the Zorking range 
oI robot in Z a[is to value oI ��� m� 1e[t additional 
a[es Ȧ� ² rotation oI the main positioner and Ȧ� — 
rotation oI rotational nests serves Ior positioning 
oI Zeldments� All nine a[es oI positioning system 
e�g� si[ robot a[es and the additional three a[es 
Ȧ�� Ȧ� and Z represents Iully controlled a[es and 
can be controlled by )le[Pendant unit on selecting 
the «technology» option Irom the main menu and�
or by a program Irom the technological computer� 
The electron gun Zith monitoring is de¿ned as the 
Zorking tool E%B*81BTi� This tool has a de¿ned 
mass centre oI gravity and has determined the tool 
coordinates T&P (Tool &entre Point)� 5obotWare 
soItZare supports all aspects oI robot system� as 
robot motion� development and implementation 
oI application programs system� as robot motion� 

)ig� �� 'esign oI movable electron gun

)ig� �� 'esign oI a positioning module oI electron gun
)ig� �� Practical application oI a module Ior vacuum gun 
positioning
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development and implementation oI application 
programs and communication� &ommunication 
betZeen the control unit ,5&� and technological 
computer is reali]ed through Ethernet interIace� 
The )le[Pendant controller is a portable operation 
unit Zith graphical touch screen� The 5AP,' 
programming language contains the instructions 
alloZing the application to perIorm robot motions� to 
set the outputs and�or to read the inputs�

2.4. Modules of vacuum chambers
The vacuum chambers are in most cases designed 

by the «Iitness Ior purpose» approach� i� e�  tailored 
Ior the needs oI an actual customer� The si]e and 
shape oI vacuum chamber is given by the dimensions 
oI parts to�be�Zelded� desired time Ior pumping to 
Zorking vacuum and the electron gun employed� The 
technological preparation and manuIacturing technology 
comprise the uniIying element oI modules Ior Zelding 
chamber design� The Zelding chamber must be vacuum 
prooI� resistant against distortions and must comprise an 
advanced and uni¿ed system Ior sealing oI static Àanges 
and door systems and also Ior sealing oI movable parts�

A versatile medium�si]e vacuum chamber Zith 
the volume oI �� m� may be shoZn as an e[ample in 
)ig� ��

The Zelding chambers Ior high�productive 
Zelding must meet the condition oI high eI¿ciency� 
These are destined Ior Zelding oI a great number 
oI parts Zith identical shape and Zith a slight 
dimensional diversity� They are mostly composed oI 
a vacuum Zelding chamber and one or more au[iliary 
chambers� Such a design makes possible that the 
Zelding chamber could be permanently pumped to 
the Zorking vacuum� The au[iliary chambers ensure 
the operation oI loading and unloading oI Zeldments 
and also the operation oI air intake and vacuum 

pumping oI the au[iliary chamber� The proportion 
oI net Zelding time during one shiIt against the 
manipulation and preparatory times is at the level oI 
�� �� An e[ample oI modular concept oI Zelding 
chambers Ior the high�productive Zelding is shoZn in 
)ig� �� and )ig� ���

The presented e[amples oI design oI principal 
modules oI electron beam Zelding eTuipments 
elucidate the concept oI modular design Zhich is 
applied by the )W& ,nc� in design� construction 
and manuIacture oI electron beam eTuipment 
Ior diverse applications destined Ior e[ternal 
customers� This concept has proved as suI¿ciently 
Ile[ible� economical and it thus creates the 
conditions Ior deliveries oI eTuipments Ior the 
e[ternal customers in the shortest possible terms 
and in high Tuality� 

)ig� �� 0odule Ior vacuum electron gun positioning
)ig� �� 0odule oI a versatile chamber Zith the volume oI �� m�

)ig� ��� An e[ample oI design oI Zelding chamber module Ior 
high�productive Zelding machine
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2.5. Modul for processing data collection 
This module belongs to the au[iliary modules� 

,t can be integrated into the device upon customer 
reTuest� 0ain Iunction oI the module is to collect 
all decisive Zelding process parameters� as the 
value oI accelerating voltage� Zelding current� 
Iocusing current� Zelding speed� electron beam 
position related to Zelded joint etc� These and other 
selected parameters are recorded during the entire 
Zelding cycle� They are used Ior the retrospective 
diagnostics� The recorded process parameters are 
gained Irom the sensors oI the control system and 
it alloZs simultaneous recording oI more than �� 
process parameter Zith the sampling period Irom � 
to �� ms� The elaborated program alloZs to alter the 
sampling period and it also alloZs the collection and 
storage oI data coming Irom several sources� The 
recorded data Irom individual sensors are sent in a 
special binary Iormat through the communication 
line to the archiving computer� Zhich assigns them 
the identi¿cation signs and stores them on memory 
media� 0oreover� the program records also all binary 
states oI the drives� The developed program Ior data 
analysis represents a broZser Ior a huge Tuantity oI 
binary data in graphical and tabular Iorm�

2.6. Remote diagnostics of electron beam machine 
by web applications

Solution oI remote diagnostics� Zhich belongs 
to the ne[t au[iliary module oI electron beam 
Zelding machine� is based on special hardZare and 
soItZare conIiguration� )or connecting eTuipment 
to the remote access� the industrial router Irom 
eW21 company Zas selected and Ior creating 
a communication Ior data transIer betZeen the 
eTuipment and remote user the internet service 
Talk�0 (Irom the English «Talk to 0achines») Zas 
utilised� These circuits are then integrated into a 
control system oI electron beam Zelding machine 
at the customer Zorkplace� The present state oI 

technological solution oI eTuipment provides the 
remote access to eTuipment by utilising the internet 
and it oIIers the IolloZing options� Sending an alarm 
message in case oI Iailure occurrence� connection oI 
a remote visualisation� Zork oI programmer directly 
in the development environment oI P/&� access to 
archive oI records oI Zelding parameters created via 
a special soItZare module Ior collection and analysis 
oI processing data� The created communication 
channel meets all relevant saIety standards� Zhat 
provides a high level oI protection Ior the transIerred 
data against abuse�
3. Examples of design of electron beam 
equipments

As an e[ample� three designs oI Zelding 
eTuipments are shoZn� representing diIIerent ¿eld oI 
industrial application oI high�tech technologies Irom 
the production portIolio oI )WP company� making 
use oI electron beam technologies� 

The Iirst e[ample is a Zelding technological 
comple[ Zith type designation P= E= �� J80%2�

This eTuipment is destined Ior Zelding si]able parts 
in general engineering and poZer industry >�@� The 
neZ design oI eTuipment employing the electron gun 
attached on the robot arm Zith integrated other tZo 
rotary and one liner a[es makes possible to Iabricate the 
rotary and linear Zelded joints as IolloZs�

5otary circumIerential joints oI si]able Zeldments 
on a central rotary positioner in side position as 
IolloZs�

±  r ange  o I  Ze ldmen t  d i ame te r  I rom 
���������� mm�

± range oI Zeldment Zeight Irom ��� kg to ��� t�
± range oI Zeldment height Irom ���������� mm�
± range oI Zeld depth Irom ������ mm on 

austenitic steel in P& position�
5otary circumIerential Zelds on medium si]e 

Zeldments Iabricated on au[iliary rotary positioners 
as IolloZs�

± range oI Zeldment diameter Irom ��������� mm�
± range oI Zeldment Zeight Irom ������� kg�
± range oI Zeldment height up to ���� mm�
± ma[imum number oI Zeldments placed in 

Zelding chamber and Zelded under one vacuum 
pumping makes �� pieces�

/inear Zelds on si]able Zeldments Iabricated on a 
central positioner as IolloZs�

± range oI Zeld length Irom ��������� mm�
± range oI distance Irom the a[is oI central 

positioner varies Zithin ���������� mm�
± range oI Zeldment Zeight Irom ��� t to ��� kg�
± range oI Zeld depth (penetration depth) Irom 

������� mm on austenitic steel�
/inear Zeld oI slim Zeldments in Zeight up to 

��� kg Iabricated on the au[iliary rotary positioners 
as IolloZs�

)ig� ��� An e[ample oI design oI au[iliary chamber module Ior 
high�productive Zelding machine
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± range oI Zeld length Irom ��������� mm�
± range oI distance Irom the a[is oI au[iliary 

positioner varies Zithin �������� mm�
± range oI Zeld depth (penetration depth) Irom 

������� mm on austenitic steel�
The electron gun oI triode type Zith ma[imum 

poZer oI �� kW is made oI titanium and alloZs to 
Zeld the &r1i steels in thickness oI �� mm on one 
pass >�@� The system is provided Zith an electronic 
anti�discharge protection� monitoring module Zith 
three video cameras and laser space navigator� )or 
the needs oI surIace heat treatment and Iabrication 
oI surIace layers the eTuipment is provided Zith 
a module Ior programmable beam scanning� The 
volume oI Zelding chamber is ��� m� ()ig� ��)� The 
time oI pumping to Zorking vacuum oI �Â��±� Pa is 
�� minutes�

The Zelding Zorkplace type P= E= �� 
TW,1%EA0 is a versatile Zorkplace Zith the 
volume oI Zelding chamber oI �� m�� ,t is destined 
Ior Zelding thin�Zalled and heavy�Zalled (up to 
�� mm) parts in medium vacuum� %esides Zelding it 
also alloZs the heat treatment oI surIaces oI metallic 
materials and additive manuIacturing Zith application 
oI ¿ller in the Iorm oI Zire� The comple[ electron 
beam Zorkplace is eTuipped Zith tZo guns� Zhereas 
it is possible to Zeld just Zith one gun or both guns 

simultaneously� The time oI vacuum pumping to 
Zorking vacuum is ma[imum �� min� The vacuum 
chamber is eTuipped Zith the X-Y positioning table 
Ior positioning during Zelding� Zhich is integrated 
Zith the system Ior loading and unloading oI 
Zeldments to and Irom the vacuum chamber� a rotary 
positioning system and also Zith a Zire Ieed unit� The 
overall vieZ on the Zorkplace is shoZn in )ig� ���

The Zelding eTuipment type P= E= =P+ may 
be shoZn as an e[ample oI a single�purpose high�
productive Zorkplace� This Zorkplace is destined 
Ior series Zelding oI hydromotor pistons in vacuum� 
The pistons oI hydro�converters represent an e[ample 
oI e[tremely loaded part made oI hardenable loZ�
alloyed &r�0o steel� Since the steel type ��&r0o� 
(������) is susceptible to cold cracking� it is 
necessary to alter the steep thermal cycle oI Zelding 
by application oI preheat eventually postheat� The 
purpose oI application oI preheat�postheat is to 
supress the Iormation oI martensite in the Zeld metal 
and to ensure the Iormation oI a tougher structure 
Zhich is not susceptible to cold cracking� Possible 
notch eIIect oI unsuitable geometry is eliminated 
by the relieving recesses under the Zeld root� This 
mechanical adaptation has alloZed to dissipate the 
stress ÀoZ Irom Zelding� Zhat resulted in reduced 
concentration oI stresses in the root oI Zelded joint� 
Welding oI hydromotor pistons in vacuum represents 
an ideal application oI electron beam Zelding 
technology� regarding their dimensions and desired 
productivity� Zhich by its nature alloZs to reali]e 
a controlled preheat and postheat by the same heat 
source Zhich is used also Ior Zelding� 

Welded joints are Iabricated at the acceleration 
voltage oI �� k9� Zhile the nominal poZer oI Zelding 
eTuipment is � kW� 0a[imum annual production oI 
eTuipment is ��� ��� Zeldments per one shiIt� This 
Zelding eTuipment is shoZn in )ig� ���
Conclusions

The aim oI this contribution is to present a uni¿ed 
concept oI design and realisation oI deliveries 
oI sophisticated technological eTuipments and 
comple[es Zith a high degree oI automation� %ased 

)ig� ��� The Zelding Zorkplace type P= E=�� J80%2

)ig� ��� The Zelding Zorkplace type P= E= �� TW,1%EA0

)ig� ��� The Zelding eTuipment type P= E= =P+



ПРОИЗВОДСТВЕННɕЙ РАЗДЕЛ

54 ISSN 0005-111X   АВТОМАТИЧЕСКАЯ СВАРКА, №3, 2019

on the presented results the system oI modular design 
can be characteri]ed as Ile[ible and economically 
eIIicient� As the main constructional elements 
this system makes use oI uniIied modules� Zhich 
represent a separate Iunctional unit Zhich are 
hardZare and soItZare Iully compatible Zith the 
other modules oI technological comple[� This system 
oIIers a great potential oI a broader application in 
design and construction oI versatile and single�
purpose eTuipments in the segment oI general 
engineering�
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ɉɊɈɆɂɋɅɈȼȱ ȿɅȿɄɌɊɈɇɇɈ�ɉɊɈɆȿɇȿȼȱ 
ɁȼАɊɘȼАɅɖɇȱ ɍɋɌАɇɈȼɄɂ ɆɈȾɍɅɖɇɈȲ ɄɈɇɋɌɊɍɄɐȱȲ

Ɏ� Ʉаленич� Ʌ� Ʉовач� ɉ� Ɏарагула
),5ST WE/',1* &20PA1< ,nc�� Ȼратислава� ɋловаɰька Ɋеспуɛліка

ɍ статті представлені результати� досягнуті в оɛласті актуального проектно�теɯнічного ріɲення сучасниɯ високотеɯ�
нологічниɯ електронно�променевиɯ зварювальниɯ апаратів у ɉȿɊɒȱɃ ɁȼАɊɘȼАɅɖɇȱɃ ɄɈɆɉАɇȱȱ� Ɉписано елек�
тронно�променеве теɯнологічне зварювальне оɛладнання поɛудоване модульно з осоɛливою увагою до гармонізаɰіʀ апа�
ратноʀ та програмноʀ сумісності� Ɉкремі модулі теɯнологічного підрозділу періодично впровадɠуються з ураɯуванням 
прогресивниɯ світовиɯ тенденɰій в оɛласті електротеɯніки� приводниɯ систем� комп¶ютерного управління� меɯанічниɯ 
модулів і досягнень у вакуумній теɯніɰі� ɐей вклад представлено як розроɛку основниɯ модулів� які є ядром теɯноло�
гічного зварювального комплексу� стаɰіонарноʀ і руɯомоʀ електронноʀ гармати� систем генераɰіʀ променів� вакуумниɯ 
камер� а такоɠ допоміɠниɯ модулів� адаптованиɯ до потреɛ сучасного промислового вироɛниɰтва та управління якістю� 
ɋеред прикладів� дистанɰійна діагностика електронно�променевого апарату за допомогою веɛ�додатків� модуль для 
моніторингу та редагування параметрів теɯнологічного проɰесу моɠна ɲляɯом поɲуку� Ɂадокументовано та описано 
три приклади різноʀ конструкɰіʀ електронно�променевого оɛладнання� Ȼіɛліогр� �� рис� ���

Ключові слова: електронний промінь, зварювальні апарати, модульна конструкція, модулі зварювального обладнання, 
дистанційна діагностика, моніторинг технологічних параметрів

ɉɊɈɆɕɒɅȿɇɇɕȿ ɗɅȿɄɌɊɈɇɇɈ�Ʌɍɑȿȼɕȿ 
ɋȼАɊɈɑɇɕȿ ɍɋɌАɇɈȼɄɂ ɆɈȾɍɅɖɇɈɃ ɄɈɇɋɌɊɍɄɐɂɂ

Ɏ� Ʉоленич� Ʌ� Ʉовач� Ɋ� ɋекерка� ɉ� Ɏарагула
),5ST WE/',1* &20PA1< ,nc�� Ȼратислава� ɋловаɰкая Ɋеспуɛлика

ȼ статье представленɵ результатɵ� достигнутɵе в оɛласти актуального проектирования и теɯнического реɲения совре�
менного вɵсокотеɯнологичного оɛорудования для ɷлектронно�лучевой сварки в компании ),5ST WE/',1* &20PA1< 
,nc� Ɉсновнɵми конɰептуальнɵми подɯодами к реɲению современнɵɯ теɯнологическиɯ комплексов с применением 
моɳнɵɯ систем генераɰии ɷлектронного пучка являются следуюɳие� ɷлектронно�лучевое теɯнологическое сварочное 
оɛорудование построено модульно� осоɛое внимание уделено согласованию аппаратной и программной совместимости� 
Ɉтдельнɵе модули теɯнологического ɛлока периодически оɛновляются с учетом прогрессивнɵɯ мировɵɯ тенденɰий 
в оɛласти ɷлектротеɯники� приводнɵɯ систем� компьютерного управления� меɯаническиɯ модулей и достиɠений в ва�
куумной теɯнике� ɗтот вклад представляет соɛой разраɛотку основнɵɯ модулей� составляюɳиɯ ядро   теɯнологического 
сварочного комплекса� такиɯ как стаɰионарная и подвиɠная ɷлектронная пуɲка� системɵ генераɰии пучка� вакуум�
нɵе камерɵ� а такɠе вспомогательнɵɯ модулей� которɵе адаптированɵ к потреɛностям современного промɵɲленного 
производства и управления качеством� ȼ качестве примера моɠно отметить удаленную диагностику ɷлектронно�лу�
чевой маɲинɵ с помоɳью веɛ�прилоɠений� модуль для мониторинга и редактирования параметров теɯнологического 
проɰесса� Ɍри примера различной конструкɰии ɷлектронно�лучевого оɛорудования задокументированɵ и описанɵ� 
Ȼиɛлиогр� �� рис� ���

Ключевые слова: электронный луч, сварочные аппараты, модульная конструкция, модули сварочного оборудования, 
дистанционная диагностика, мониторинг параметров процесса
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