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Inovatii in sudarea cu fascicul de electroni

Recent innovations in electron beam welding

D. von Dobeneck, T. Loewer
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Cuvinte cheie

Sudura cu fascicul de electroni, analiza fascicul, imprastiere
electronicd, scanare de mare viteza, tehnici cu mai multe
fascicule, urmarirea traiectoriei sudurii.

1. Configuratia generala a generatorului de
fascicul electronic

Sursa fasciculului de electroni, catodul, pentru fascicule de
electroni de putere mare este Intotdeauna un material care emite
electroni cand este Incalzit la temperaturi inalte. De aceea se
foloseste in majoritatea cazurilor wolfram ca material, la
temperaturi intre 2700-2900°C. In functie de marimea catodului
un maxim al curentului fasciculului aflat intre micro-amperi i un
amper poate fi atins. Catodul impreuna cu electrodul de
polarizare si anodul constituie sursa fasciculului, ca fiind partea
anterioara a coloanei fasciculului de electroni (schema tunului
este data in figura 1). Tensiunea de accelerare dintre catod si
anod la valori de 30-200kV, accelereaza electronii asigurand
puterea fasciculului de electroni. Pentru sudare sunt tipice puteri
ale fascicolului intre 1 si 100 kW. Un control precis a puterii
fasciculului de electroni este realizat schimbéand potentialul elec-
trostatic al electrodului de polarizare. Aceastd metoda permite,
de asemenea, si pulsarea fasciculului. La sudare se folosesc
pulsuri de o frecventa de pana la S00Hz. Calitatea fasciculului
este data de o forma adecvata a catodului, a electrodului de
polarizare si a anodului. Intensitati ale fasciculului de pana la
10E9 W/cm? pot fi realizate pe piesa se sudat folosind o focalizare
electromagnetica.

Mirimea focarului fasciculului pe piesa de lucru este
dependenta de grosismentul asigurat de lentilele optice
electromagnetice. Relatia dintre distanta de la catod la lentila
de focalizare (g) si distanta de la lentila de focalizare la piesa de
lucru (b) este importanta. Pentru tunuri cu o distantd mare g
flexibilitatea de a obtine suduri de calitate la o distanta de tir b
mare este intotdeauna mai ridicata decat pentru tunuri scurte
din cauza unei mai bune focalizari pe piesa de lucru. Pentru a
utiliza Intreaga capacitate a tunului, in special pentru tunuri cu
fascicule de electroni lungi, componentele de optimizare sunt
adesea montate pe coloand. Unitatea de centrare este utilizata
pentru alinierea fasciculului fata de centrul cAmpului magnetic
al lentilelor de focalizare. Stigmatorul corecteaza astigmatismul
fasciculului pentru a obtine un profil circular optimizat al
fasciculului. Bobina de deflectie x-y este ultima unitate activa a
tunului electronic. Aceasta unitate permite miscarea rapida a
fasciculului pe suprafata piesei de lucru. Oscilarea fasciculului
in baia topita este una din functiile bobinei de deflectie ea fiind
foarte importanta pentru proiectarea proceselor. Pozitionarea
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1. General set-up of the electron beam
generator

The source of the electron beam, the cathode, is for high
power electron beams always a material that emits electrons
when it is heated to high temperature. Therefore mostly tung-
sten is used as a material at temperatures between 2700° and
2900°C. Depending on the cathode size a maximum beam cur-
rent between micro Amperes and one Ampere can be achieved.
The cathode together with the bias cup and the anode builds
the beam source as the head of the electron beam column (skim
of the gun shown in Figure 1). The acceleration voltage be-
tween the cathode and the anode at values of 30 to 200kV,

Figura 1. Schema unui tun cu fascicul de electroni/
Figure 1. Set-up of an electron beam gun

accelerates the electrons and gives the electron beam its power.
For welding machines beam powers between 1 and 100kW are
typical. A fast and precise control of the beam power is realized
by changes of the electrostatic potential at the bias cup. This
method allows also the pulsing of the beam power. In welding
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fasciculului este o alta functie importanta. Datorita inertiei mici
a sistemelor de deflectie moderne fasciculul poate oscila cu o
frecventa de 100kHz. Deflectia cu viteza mare combinata cu
utilizarea unui nou generator de functii programabil, deschide
multe noi aplicatii al procedeului. Folosind placi senzor pentru
observarea procesului. Unele exemple pentru noile aplicatii ale
fasciculului de electroni vor fi discutate mai jos.

2. Fascicul electronic ,inteligent”

Pentru o productie total automatizata, fara operatori umani
si de o calitate Tnaltd, este necesar ca unealta termica - fasciculul
de electroni sd fie mentinut constanta. Aceasta inseamna ca
pozitia focarului fasciculului in toate cele trei axe, puterea si
distributia puterii trebuie sa nu se schimbe pe o perioada lunga
de timp. In al doilea rdnd, pentru a monitoriza lucrul acesta,
trebuie dezvoltatd o tehnica adecvatda pentru masurarea
sofisticate pentru ca fasciculul de electroni are proprietati
speciale, se poate spune ca este ,inteligent”. Fasciculul de
electroni poate sa se masoare si sa se caracterizeze singur, poate

Figura 2. Imaginea 3D a unui fascicul focalizat, tonurile de gri
reprezintd marimea densitatii de putere a electronilor
(comprimata de 100x pe directia x)/

Figure 2. 3-D image of the beam focus. The colors represent
the power density of electrons (compressed 100 x in length)

Figura 4. Fasciculul de electroni poate reproduce imagini
prin topirea suprafetelor cu intensitati diferite/
Figure 4. The electron beam can reproduce pictures by
melting surfaces with different intensities

sd observe si sa inregistreze suprafete si poate reproduce ceea
ce avazut. (figurile 2, 3, 4)
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si a opticii electronice

Sistemul de analizare de astazi al fasciculului are nevoie de
un senzor-colector costisitor care nu incape in camere mici sau
in instalatii de sudare cu mai multe posturi de lucru (tip ciclu).
Evaluarea unei sectiuni transversale a fasciculului dureaza

machines pulsing up to a frequency of S00Hz is used. The qual-
ity of the beam is given by a proper shape of the cathode, the
bias cup and the anode. Beam intensities up to 10E9 W/em? can
be reached on the work piece surface using focusing of electro
magnetic optics.

The spot size of the focus on the work piece is depending on
the magnification of the electro magnetic optics. The relation
between the distance cathode to focus lens (g) and the dis-
tance focus lens to workpiece (b) are of importance. For guns
with a long distance g the flexibility in getting good welding
results on a long working distance b is always higher then for a
short gun, because of better focusing on the work piece. To use
the full capability of a gun, especially of long electron beam
guns, optimizing units are often installed in the column. The
centering unit is used for the alignment of the beam to the
center of the magnetic field of the focus lens. The stigmator
unit corrects the astigmatism of the beam to get an optimized
circular beam profile. The x-y deflector is the last active unit of
the electron beam gun. This unit allows the fast movement of
the beam on the surface of the work piece. The beam oscillation
in the melt pool is one application of the deflector, a very im-

Figura 3. Fasciculul de electroni detecteaza densitatea diferitelor
materiale, aratand intensitati luminoase diferite
(zimti de bronz sudati pe otel)/
Figure 3. The electron beam detects the density of different
materials by showing different brightness.
(Bronze cogs welded to steel)

portant one for the design of processes. Beam positioning is
another important use. Due to the low inertia of modern deflec-
tion systems the beam can be oscillated with frequencies of
100 kHz. The high speed deflection combined with new free
programmable function generators open many new process ap-
plications. Using sensor plates for recording of back scattered
electrons further new possibilities are given for process obser-
vation. Some examples for this new electron beam applications
will be discussed below.

2. ,Intelligent” electron beam

For a fully automated, manless and high quality production
it is necessary to meet two requirements: the thermal tool elec-
tron beam has to be maintained constant. This means that the
focus position of the beam in its three axes, its power and its
power distribution must not change over a long period of time.
And secondly in order to monitor this, a suitable technique for
beam measurement and documentation had to be developed.
For this purpose, there are sophisticated possibilities, because
the electron beam has special capabilities: one could say it is
“intelligent”. The electron beam can measure and characterize
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cateva secunde. Sistemul nou al autorilor mésoara 20 de sectiuni
transversale intr-o secunda i poate conecta aceste masuratori
intr-un model tridimensional. Sistemul este capabil sd scaneze
pe directia axiala aratand astfel caustica fasciculului (figura 5).

Figura 5. Analiza fasciculului este necesara pentru controlul calitatii
si pentru a transfera parametrii fasciculului la alte instalatii de
sudare. Aici rezolutia diagnosticului este demonstrata prin detectia
unui fascicul emis de un catod slab incélzit./

Figure 5. Beam analyzing is necessary for quality control and for
transfer of beam parameters to other machines. Here the resolu-
tion of the diagnositics is demonstrated by the detection of a beam
emitted from a low heated cathode.

Figura 6. Imaginile din stdnga si centru aratd miscarea fasciculului
sub reticul la defocalizarea fasciculului. Imaginea din dreapta
reprezinta fasciculul defocalizat care sta
in pozitia focarului (reticul)/

Figure 6. The left and middle picture shows the movement of the
beam under the cross hair while defocusing the beam.

The right picture represents a defocused beam which stays
on possition of the focus (cross hair position)

Prin aceste mijloace, de exemplu Inaintea sudarii unei piese
costisitoare, fasciculul este analizat si comparat cu calitatea
omologatd si documentatd pentru aceasta aplicatie. Pentru
produse de serie calitatea fasciculului poate fi controlata la
anumite intervale de timp.

4. Ajustarea automata a fasciculului

Termenul ,,ajustarea fasciculului” cuprinde trei operatii
diferite: centrarea fasciculului fatd de directia axei optice a
lentilelor (figura 6), compensarea astigmatismului pentru a obtine
o distributie simetrica (circulard) a energiei (figura 7), si focali-
zarea celui mai mic diametru pe suprafata piesei de lucru. Intrucét
personalul calificat pentru aceste ajustari lipseste frecvent,
procedurile respective au fost automatizate de autori pe baza
celor descrise mai sus despre analiza fasciculului. Rezultatul nu
este doar disponibil mai rapid, dar mai important este faptul ca
el este mai corect si mai obiectiv, ceea ce Inseamna ca este
independent de experienta si concentrarea operatorului sudor.
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itself, it can observe and record surfaces and it can reproduce
what it has seen (Figures 2, 3, 4).

3. Characterization of the electron beam
and of electron optics

Today’s beam analyzer systems need an expensive collec-
tor-sensor that does not fit into small chambers or cycle type
machines. Evaluating one cross-section of a beam takes several
seconds. Our new system measures 20 cross-sections in 1 sec
and can join them into a 3-dimensional model. It is also able to
scan along the axial direction of the beam and thus show the
caustic of the beam (Figure 5).

By this means, for example before welding an expensive
workpiece, the beam is analysed and compared to the
homologized and documented quality for this application. For
a series production the beam quality may be controlled in cer-
tain intervals.

4. Automatic beam adjustment

The term “beam adjustment” comprises three different
operations: centering the beam to the optical axis of the lens
(Figure 6), compensation for astigmatism to achieve a symmetric
(round) energy distribution (Figure 7), and focusing the smallest
beam diameter at the workpiece surface. As qualified staff for
such adjustment operations is often missing, we automated these
procedures on the basis of the above described beam analysis.
The result is not only available faster, but more important, better
and objective, which means independent of the experience and
concentration of the machine operator.

Figura 7. Imaginile din stanga si centru aratd astigmatismul unui
fascicul usor defocalizat. Imaginea din dreapta arata distributia de
putere corectatd a unui fascicul circular./

Figure 7. The left and middle picture shows astigmatism of a
slightly defocused beam. The right picture shows a corrected
powerdistribution of a round beam.

Figure 8 shows the computer image generated after the au-
tomatic alignment procedure. On the left side the power distri-
bution of the adjusted beam is shown. On the right hand side
the actual and reference (typical) values of the adjustment units
are given. For a further quantification a “shape factor” of the
beam profile is printed. The closer it goes to 1, the higher the
quality of the beam.

5. Light - optical and electron - optical
monitoring

The observation of surfaces with an electron scanning mi-
croscope is state of engineering. The same principle can be
used to produce a picture of the workpiece surface with the
electron beam of a welding machine. However the information
received from the light-optical system is different from the in-
formation of an electron-optical system.
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Figura 8 aratd imaginea generata pe computer dupi o
procedura de reglare automati. In partea stinga se aratd
distributia puterii fasciculului ajustat. in partea dreapti sunt
indicate valorile actuale si de referinta (tipice) ale unitatilor de
ajustare. Pentru cuantificari ulterioare, ,,un factor de forma” al
profilului fasciculului este tiparit. Cu cat acesta este mai apropiat
de 1, cu atat este mai buna calitatea fasciculului.

5. Monitorizare optica cu lumina si
electronica

Observarea suprafetelor cu un microscop electronic cu
scanare se face in mod curent. Acelasi principiu se poate folosi
pentru a produce o imagine a suprafetei piesei cu fasciculul
electronic al unei instalatii de sudare. in orice caz, informatia
primita de la sistemul optic este diferita de informatia data de un
sistem electronoptic.

5.1. Sistemul de observatie optic

Multe instalatii de sudare sunt echipate cu un sistem optic
integrat in tunul electronic. El permite observarea suprafetei de
lucru sub un unghi inclinat fata de fasciculul electronic.
Operatorul sudor poate sta ore intregi privind printr-un telescop
pentru a determina parametrii fasciculului, pentru a pozitiona
manual linia de imbinare sub fascicul sau pentru a controla
procesul de sudare. Este o munca obositoare, iar camerele video
de generatie mai veche nu aveau capacitatea de a monitoriza
diferenta de luminozitate dintre baia topita si suprafata piesei,
rezolutia fiind insuficienta. Camerele video de astazi pot rezolva
acest lucru. Mai mult, orice sudor cu fascicul de electroni
cunoaste problemele create de o iluminare nesatisfacatoare, de
pozitionarea imbinarii in umbra sau cand reflexiile suparatoare,
mai ales cele de pe piesele circulare, orbesc ochiul (figura 9a).

Figura 9. a) Vizualizare optica - reflexie stralucitoare nedorita;
b) Vizualizare electronoptica a aceleiasi piese/
Figure 9. a) Light-optical observation with undesired bright
reflex; b) Electron-optical observation of the same piece.

Observarea prin intermediul unui sistem de vizualizare
electronoptic elimina toate aceste dezavantaje (figura 9b). Acest
sistem nu arata insa radiatia baii topite, culoarea sau modul de
curgere a acesteia (turbulentele), precum si nici stropii sau
eruptiile de material. Sistemul prezinta dezavantaje considerabile
pentru determinarea parametrilor procesului (figura 10 arata
imagini ale procesului intr-o inregistrare video in timpul sudarii).

O solutie satisfacatoare o ofera doar combinarea celor doua
sisteme de vizualizare.

5.2. Sistemul de observatie electronoptic

Care este principiul de baza al unui sistem optico-electronic

5.1. Light - optical viewing system

Many welding machines are equiped with a light-optical
system, integrated in the eb-gun. It allows the observation of
the working area under a steep angle corresponding to the

Figura 8. Imagine a ecranului ce contine rezultatele ajustarii
date de sistemul de control/
Figure 8. Screen shot of the adjustment results given by
the control system.

electron beam. The operator of an eb-welding machine may sit
for hours looking through a telescope to develop beam parame-
ters, to manually position the joint under the beam, or to con-
trol the welding process. It is a tiring job, but cameras did not
have the capability of monitoring the differences in brightness
between the melt pool and the workpiece surface, and the reso-
lution was insufficient. Today’s cameras can solve this task.

Figura 10. Imagini de proces din timpul sudarii: a) Observarea
baii topite si a piesei; b) Observarea ,,gaurii de cheie”/
Figure 10. Process images while welding.

a) Observation of the melt pool and the work piece.

b) Observation of the key hole

Furthermore every electron beam welder knows the problems
of unsatisfactory illumination, when the joint lies in the shadow,
or when annoying reflexes, especially from round parts, blind
the eye (Figure 9a). Observation by means of electron-optical
viewing systems eliminates all these disadvantages (Figure 9b),
however it does not show any radiation of the melt pool, its
color or flow behavior (turbulences), neither splatter nor erup-
tions. Evidently it has considerable disadvantages for the de-
termination of process parameters (Figure 10 shows process
images of a video recording while welding). Only the combina-
tion of both viewing systems results in a satisfying solution.
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de monitorizare? Electronii care lovesc o piesa de lucru sunt
partial retrodifuzati (figura 11a). Dacé un fascicul de electroni
bine focalizat este scanat pe suprafata unei piese de lucru si
dacd radiatia electronica retrodifuzata este absorbita de placi
senzor adecvate, semnalul primit reprezinta o imagine exacti a
suprafetei (figura 11b).

Figura 11. a) Schema unui sistem de vizualizare electronoptic;
b) demonstrarea rezolutiei sistemului prin observarea unei
monede; ¢) imaginea unei flanse cu semne de la un proces
automat pentru aflarea centrului tevilor ce trebuie sudate./
Figure 11. a) Scheme of electron-optical viewing system.

b) Demonstration of the system resolution by the observation

of a coin. c¢) Image of a flange with marks from an automatic

process to find the centres of the tubes that are to be welded.

Dupa inventarea unei noi metode pentru evaluarea semnalelor
de la electronii retrodifuzati, ei au putut fi utilizati pentru
realizarea unui proces automat de sudare si control al calitatii
(figura 11c). De exemplu: Senzorul de presiune (figura 12 stanga)
este imbinat de baza unui inel de Imm latime. Cele doua piese
de imbinat pot fi asamblate in sistemul de rotire. In aceste conditii
ele nu trebuie fixate prin sudare. In timpul unei singure rotiri

Figura 13. a) Scanare vectorizata a unei suduri circulare cu o eroare
geometrica; b) Scanarea aceleiasi piese, dar partial magnetizata/
Figure 13. a) Vectorized scan of a circular weld with an error of
run out. b) Scan of the same work piece but partly magnetized.

care se efectueazi in 0,4 secunde se scaneaza linia de imbinare,
iar rezultatul masuratorii este monitorizat cu o precizie de 10
microni (figura 12 dreapta). Daca abaterea laterala se afla in
limitele admise se comanda sudarea care se efectueaza intr-un
interval de 0,7 secunde, incluzand oprirea controlata (slope).
Daca abaterea este in afara tolerantei admisibile sudarea nu se
va efectua si senzorul trebuie reasamblat. Anvelopa
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5.2. Electron - optical viewing system

What is the underlying principle of electron-optical moni-
toring? Electrons which hit a work piece are partly scattered
back (Figure 11a). If a well-focused beam is scanned over a
work piece surface and the back-scattered electrons are ab-
sorbed by adequate sensor plates, the signals received repre-
sent an exact picture of the surface (Figure 11b).

After a new evaluation of the signals from backscattered
electrons was invented, they could be used for an automated
process or quality control (Figure 11c¢). For example: The small
pressure sensor (Figure 12 left) is joined at the bottom of a
groove Imm wide. The two pieces to be joined may be assem-
bled set on edge or clamped obliquely in the rotary device:
Under these conditions they must not be welded. During a
single revolution within 0.4 sec., the joint within the groove
and the edges are scanned and the resulting run out is moni-
tored with a precision of 10um (Figure 12 right). If the lateral
movement is within the admissible tolerance, the weld includ-
ing slopes is performed within 0.7sec. If it is out of tolerance,
there will be no weld and the sensor can be reassembled. The

Figura 12. Senzor de presiune monitorizat prin electroni
retrodifuzati si conturul imbinarii sudate/

Figure 12. Pressure sensor monitored by back scattered
electrons and envelope of the weld joint

envelope of the circumference of the sensor shows the de-
tected spots at the joint line (blue crosses) and spots covered
by tack welds where the edge of the groove was found (red
crosses) (Figure 12 right). They will be rejected by a plausibility
analysis. The total cycle time of a sensor is 5 sec. Production
runs 24 hours, six days a week on two machines. The electron
beam is capable of even more “intelligent” applications. It can-
not only detect run out of a round joint (Figure 13a), but also
residual magnetic fields, within the work piece (Figure 13b). It
can be decided automatically whether the weld is executed
with deflection compensation, or whether the part has to be
demagnetized.

6. High speed beam deflection —
multi - beam technologies

As everybody knows from his television set, the picture is
generated by an electron beam which is deflected 25 times per
second along the 625 lines of the screen with varying intensity,
so that our eyes realize continuously moving pictures. The ca-
pability of rapid beam deflection is precondition for all the
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circumferintei senzorului aratd punctele detectate ale liniei
imbinarii (cruci negre) si punctele reprezentate de sudurile de
prindere (cruci albe) (figura 12 dreapta). Acestea vor fi respinse
de o analizd de plauzibilitate. Timpul total al unui ciclu al
senzorului este de 5 secunde. Productia se deruleaza 24 de ore,
sase zile pe saptamana pe doud masini de sudare. Fasciculul de
electroni este capabil de aplicatii chiar si mai ,,inteligente”. El
poate sa detecteze abateri geometrice ale unei imbindrile circulare
(figura 13a), dar si campuri magnetice reziduale din interiorul
piesei de lucru (figura 13b). In acest caz se poate decide auto-
mat daca sudarea va fi executata cu o deviere compensatoare a
fasciculului sau daca piesa trebuie sa fie demagnetizata inainte
de sudare.

6. Deflectia fasciculului cu viteza mare -
tehnologii multifascicul

Dupa cum este cunoscut din televiziune, imaginea este
generata de un fascicul de electroni care este deviat de 25 de
ori pe secunda de-a lungul a 625 de linii ale ecranului cu intensi-
tati variabile, astfel incat ochiul uman percepe o senzatie de
miscare continua a imaginii. Capacitatea de a devia rapid fascicu-
lul este o conditie ce trebuie indeplinita de toate procesele des-
crise mai sus pentru analiza si monitorizarea unui fascicul. Aceas-
td capacitate poate fi aplicata si la procesele cu mai multe fascicule
si pentru tratamentul suprafetei, utilizand, de exemplu, o putere
de 1000 ori mai mare decat cea a unui televizor si o frecventa de
deviere de pana la 100kHz. Se defineste ca tehnologie multi-
fascicul situatia in care un fascicul produs de o sursa este deplasat
cu o viteza atat de mare intre diferite pozitii si/sau intensitati,
incat rezultatul arata, datorita inertiei termice, ca si cum ar fi fost
produs simultan de mai multe fascicule (figura 14a, b).

Figura 15. Tehnici multiproces. Preincalzirea si sudarea
se executa intr-o singura trecere/
Figure 15. Multi-process technique. Preheating and
welding are done in one run.

Daca fasciculele de sudura sunt localizate unul in spatele

o celuilalt sau pe imbindri diferite putem numi acest mod de lucru

ca tehnicd ,,cu baii topite multiple” (figura 14c). In acest caz
parametrii fasciculului (focalizarea si intensitatea) sunt diferiti si
au sarcini diferite pe fiecare pozitie de impact, aceste tehnici de
proces se numesc ,,multiproces”, (figura 15). Aici primul fascicul
asigura o preincilzire, iar al doilea fascicul sudeaza in zone
preincilzite local. In cazul sudarii multipunct fasciculul sare de

above-described processes of beam analyzing and of beam
monitoring. This capability, however, can also be applied to
multi-beam processes and for surface treatment, using, for ex-
ample, 1000 times more power than a TV and a deflection rate
up to 100 kHz. We define as multi-beam technology that a beam,
originated from one source, jumps so fast between different
positions and/or intensities, that the result due to thermal iner-
tia, looks as if it were produced simultaneously by multiple
beams (Figure 14a, b).

If the weld spots are located one beside another or on differ-
ent joints, we call this multi-pool technique (Figure 14¢) and in
case the beam parameters (focus, intensity) are different and

Figura 14. a) Multifascicul; b) Tehnica de focalizare multipla; c)
Sectiune printr-o piesa cu 5 suduri simultane/
Figure 14. a) Multi-beam and b) multi focus technique; c) Section
of a work piece with five simultaneous welded seams.

have different tasks on each position of impact, we call this
multi-process technique (Figure 15). Here the first beam preheats
and the second beam welds in a locally preheated zone. With
multi-spot welding, the beam jumps many times between the
same positions as is shown in the photograph of Figure 16.
Multiple beams weld one after another within one joint, for
example three beams on a circle with 120° displacement. A part
that is welded in high production with this method is showing
Figure 17.

Figura 16. Sudare cu bai multiple/
Figure 16. Multi-pool welding

Examples for multi-beam techniques are: porosity-free weld-
ing of pressure die cast aluminum by three beams following
each other in one seam (Figure 18), suppression of hot cracks
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mai multe ori intre aceleasi pozitii dupa cum este aratat in figura
16. Fasciculele multiple sudeaza unul dupa celalalt in cadrul
unei imbinarii, de exemplu trei fascicule pe un cerc cu departarea
de120°. In figura 17 se arati o piesa sudati in productie utilizind
aceastd metoda.

Figura 17. Productia de serie a rotilor dintate a fost imbunatatita
cu ajutorul tehnologiei multifascicul: reducerea deformatiilor
prin incélzire simetrica i suduri Inguste/

Figure 17. Series production of gears is being improved by
multi-beam technologies: reduction of distortion by
symmetric heat input and narrow welds.

Figura 19. Eliminarea fisurilor la cald prin aplicarea unei
forte de compresiune folosind un camp termic generat
cu ajutorul electronilor/

Figure 19. Suppression of hot cracks by applying
compressive stress using an electron generated heat field.

Exemple pentru tehnica multifascicul sunt: sudura fara
porozitate a aluminiului turnat sub presiune ce se executi cu
trei fascicule unul dupa altul intr-o singura sudura (figura 18),
eliminarea fisurilor la cald prin producerea de tensiune de
compresiune in zona solicitata (figura 19), sau urmarirea in di-
rect a sudarii (figura 20).

Ultima aplicatie mentionata utilizeaza un fascicul bine
focalizat, scanat periodic inaintea sudarii, pentru a urmari pozitia
imbinarii. Sudarea se efectueaza cu pozitii de focalizare diferita.
In acest exemplu este necesari o focalizare rapida.

Conditia ce trebuie dinainte satisfacuta pentru o buna sudura
este acea ca gaura de cheie a biii de sudare sa ramana deschisa
in timpul absentei fasciculului pentru scanare. Cu cat este mai
mica patrunderea sudurii si mai rapida sudura, cu atat mai repede
trebuie ca scanarea sa aiba loc.

7. Limita de compensare a erorilor

Desi un fascicul de electroni poate fi deviat si oscilat la viteze
extrem de mari, o inertie este inerentd in migcarea mecanica a
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by producing stress on the mushy zone (Figure 19), or online
seam tracking (Figure 20).

The last mentioned application uses a well-focused beam,
scanned periodically ahead of the weld, to track the joint posi-
tion. The weld itself is performed with different focus position.
In this example also a fast focusing is needed.

Figura 18. Reducerea porozitatii utilizand, respectiv,
un fascicul, doud sau trei fascicule la o singura trecere/
Figure 18. Reduction of porosity by one, two and
three beams in one weld run

Precondition for a good weld is that the keyhole of the weld
pool remains open during the absence of the beam for scan-
ning. The smaller the weld penetration and the higher the weld
speed, the faster the scan has to be performed (Figure 20).

Figura 20. Urmarire online a sudurii: a) Sudura cu defecte
datorate unei indelungate absente a fasciculului pentru scanare;
b) Sudura, fara defecte, cu timp de scanare suficient de scurt/
Figure 20. Online seam tracking a) Defective weld due to
a too long absence of the beam for scanning; b) Weld,
free of defects, with sufficient short scanning time

7. Error limit compensation

Whereas an electron beam can be deflected and oscillated
at extremely high speeds, inertia is inherent in the mechanical
motion of workpiece - manipulation. This means, that due to
inertia it is not possible, to move a heavy part with high speed
along abrupt changes of directions with constant speed. To
overcome this problem, a combination between beam deflection
and workpiece - motion can be integrated. An incremental
encoder transmits the actual workpiece position to the computer
numeric control. The deviation between actual position and
nominal position of the weld joint at each moment is calculated
and compensated by beam deflection in real time. In order to
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Inovaidl In sudare

piesei de lucru. Aceasta iInseamna cé din cauza inertiei nu este
posibil, sa miscadm cu viteza constanta o piesa grea cu viteza
mare cu schimbari bruste de directie. Pentru a solutiona aceasta

visualize the speed, a 45° oscillation with 100 Hz has been
superimposed to the seam at a welding speed of 100 mm per
second.

Figura21. a) Contur cu compensare de eroare limita dezactivata ; b) Contur cu control al pozitiei
activat; ¢) Contur cu control activat al pozitiei si al vitezei/
Figure 21. a) Contour with deactivated error limit compensation; b) Contour with activated
position control; ¢) Contour with activated speed and position control

problema se poate integra o combinatie intre devierea
fasciculului si miscarea piesei de lucru. Un codificator cu
incrementare transmite pozitia reald a piesei de lucru catre
comanda numerica. Diferenta dintre pozitia reala si cea nominala
a liniei de imbinare la fiecare moment este calculatd si
compensata de devierea fasciculului in timp real. Pentru a face
o idee despre viteza, o oscilatie la 45° cu o frecventda de 100Hz
a fost suprapusa peste sudura la o viteza de sudare de 100mm
pe secunda.

8. Concluzii

Féacand un sumar, noile progrese descrise intaresc pozitia de
lider a sudarii cu fascicul de electroni ca fiind un procedeu de
sudare ambitios si de inalta clasd ce duce la o crestere
considerabild a productivitatii. Pozitia sa In competitia

dezvoltarea unor noi procese si aplicatii au fost generate.

Lucrare prezentat
Timi oara, mai 2006

la ,Primul congres IIW sud-est european de sudare’,

8. Conclusions

Summarizing, the described new developments strengthen
the leading position of EB-welding as an ambitious and highly
qualified welding process and result in a considerably improved
productivity. Its position in economic competition has been
strengthened. Many new freedoms are being generated to de-
velop new processes and applications.

Paper presented at ,The 1st IIW South-East European Welding
Congress”, Timi oara, May 2006
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Imova

Sala Palatului Bucuresti va gazdui, in perioada 13-16 martie 2007, cea de-a
13 editie a expozitiei specializate EXPO SUDURA si cea de-a 36-a editie a
expozitiei specializate EXPO METAL. La manifestari participa firme renumite
din tara si stréinatate, producéatoare sau distribuitoare de echipamente,
consumabile si tehnologii de sudare, respectiv echipamente, scule si
materiale pentru prelucrarea metalelor.

Program: 13-15 martie intre orele 10 si 18; 16 martie intre orele 10 si 14
Informatii suplimentare:

Maria Mateias — orgnaizator
Tel./fax: 021 310 27 50; 310 27 51
Mobil: 0723 54 92 58

e-mail: expo1@salapalatului.ro

ISIM Timigoara va fi prezent in cadrul standului Asociatiei de Sudura din
Romania (ASR).
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