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1)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

TEST METHODS FOR ELECTROHEATING
INSTALLATIONS WITH ELECTRON GUNS

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this eng—eanrd—r—eadaitieon—to—ether—aetivities: c—publishes—trternational—Standards —Feehnteal—Spgcifications,
Technidal Publicly Available Specifications (PAS) and Guides (hereafter referred)p as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committeg interested

governthental organizations liaising with the IEC also participate in this preparation. IEC ‘collaborgtes closely
with the International Organization for Standardization (ISO) in accordance with conditions detérmined by
agreemlent between the two organizations.

The forfnal decisions or agreements of IEC on technical matters express, as nearly-as‘possible, an ifjternational
consengus of opinion on the relevant subjects since each technical committee has representatipn from all
interested IEC National Committees.

IEC Puplications have the form of recommendations for international use and are accepted by IHC National
Commiftees in that sense. While all reasonable efforts are made to ensure that the technical confent of IEC
Publications is accurate, IEC cannot be held responsible for the<way in which they are used |or for any
misintefpretation by any end user.

In order to promote international uniformity, IEC National Cemmittees undertake to apply IEC Hublications
transparently to the maximum extent possible in their natienal and regional publications. Any [divergence
betweep any IEC Publication and the corresponding nationalh\ot regional publication shall be clearly |ndicated in
the lattegr.

=

IEC pr¢vides no marking procedure to indicate its, approval and cannot be rendered responsilple for any
equipmpnt declared to be in conformity with an IEC-Rublication.

All userns should ensure that they have the latest\edition of this publication.

No liabllity shall attach to IEC or its directors, employees, servants or agents including individual ¢xperts and
membefs of its technical committees and\JEC National Committees for any personal injury, property|damage or
other damage of any nature whatsoeven,” whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publicatien, use of, or reliance upon, this IEC Publication or any| other IEC
Publicafions.

Attentign is drawn to the Normative references cited in this publication. Use of the referenced pulflications is
indispepsable for the correct application of this publication.

Attentign is drawn to the“possibility that some of the elements of this IEC Publication may be thg subject of
patent flights. IEC shall.net be held responsible for identifying any or all such patent rights.

Internatignal Standard IEC 60703 has been prepared by IEC technical commijttee 27:

Industrial electroheating equipment.

This sec

stitutes a

technical revision.

The significant changes with respect to the previous edition are as follows:

the latest edition of IEC 60519-7 has been taken into account;

test requirements have been completed with new items important for testing and
acceptance of installations.
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The text of this standard is based on the following documents:

CDV Report on voting
27/628/CDV 27/648/RVC

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this publication will remain unchanged until
the mainfenance result date indicated on the IEC web site under "http://webstore.jec.ch” in
the data felated to the specific publication. At this date, the publication will be

* reconffirmed,

+ withdfrawn,

+ replaged by a revised edition, or
*+ amended.
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TEST METHODS FOR ELECTROHEATING
INSTALLATIONS WITH ELECTRON GUNS

1 Scope and object

This International Standard applies to electroheating installations comprising one or more
electron guns as heating source.

paramet
or more

The stan
selected

rs, technical data and characteristics of electroheating installations compr
lectron guns.

Hard does not contain a mandatory list of tests and is not restrictive. Test
from the proposed list. The specification established by agreement between

essential
sing one

5 may be
the user

and the manufacturer of electroheating installations can supplement these recommeéndations

but shou

d not be in contradiction with them.

2 Normative references

The follo
For dateq
of the ref

IEC 6005
electrohe

IEC 6020
requirem

IEC 6020

wing referenced documents are indispensablefor the application of this d
references, only the edition cited applies. For undated references, the late
erenced document (including any amendments) applies.

0-841:2004, International Electrotechnical Vocabulary (IEV) — Part 841:
at

4-1:2005, Safety of machinery-— Electrical equipment of machines — Part 1
ents

4-11:2000, Safety «of -machinery — Electrical equipment of machines —

Requirements for HV equipment for voltages above 1 000 V a.c. or 1 500 V d.c,

exceedin|

IEC 6039

IEC 6051

g 36 kV
8:1999, Industrial electroheating installations — General test methods

9-12004, Safety in electroheat installations — Part 1: General requirements

pcument.
5t edition

ndustrial

General

Part 11:
and not

IEC 6051

IJ-1:2UU006, oSarety In electroneat installations — Fart /. Farticuiar require

installations with electron guns

3 Terms and definitions

ents for

For the purposes of this document, the terms and definitions given in IEC 60050-841,

IEC 6051

3.1
electron

9-7 (some of which are repeated here) and the following apply.

beam

electron flux emitted from one source (cathode or plasma) and moving along the exactly
determined tracks at very great velocities

[IEV 841-30-01, modified]
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(beam) gun

system of generating, forming and accelerating one or more electron beams

[IEV 841-30-08, modified]

3.3

anode (of an electron gun)
electrode capable of educing and accelerating electrons from the medium of lower
conductivity

[IEV 841-22-31, modified]

34

cathode
electrode
receiving

[IEV 841

3.5

(of an electron gun)

capable of emitting electrons from the medium of low conductivity-ang

positive carriers, if necessary

22-32, modified]

beam acgelerating voltage

potential

difference between the cathode and the anode,,té.generate an electric

accelerafion of the electrons

[IEV 841
3.6
high-vol

source of

3.7

30-29]

age power supply
the acceleration voltage and of the;emission current for electron guns

return conductor

electrical

interconnection between-the high-voltage power supply (positive pole) an

part of the electron gun system including the vacuum chamber around the workpiece

3.8
interlocK
device th
exists

3.9

at prevents.activation of a piece of equipment when any form of hazard d

vacuum chamber

also of

field for

d anodic

r danger

enclosed

£ ] % 4+ tadl [ ‘ot i ot 2l
OPdAdULT UT A vadaLuulll praltt CUTToruvtiTu 11T ouviT d VVCly uarat o vailt vwitlirotariu

atmosphere inside, in which the workpiece to be treated is placed

3.10
electron

gun chamber

vacuum chamber in which the electron gun is located

rarefied

NOTE This chamber may be separated from the workpiece by an aperture, so that between the electron gun and
the workpiece a pressure difference can be established.

3.11
electron

beam deflection system

electromagnetic coil or deflecting electrodes system, applied to place the beam to different
working positions or move the beam over the charge heating surface

[IEV 841-30-25, modified]
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3.12

electron beam bending system

electromagnetic coil or permanent magnet for changing the direction of the electr
outside the electron gun

3.13
electron beam focusing system

on beam

electromagnetic coil, system of coils or capacitor plates for focusing the electron beam over

the charge heating surface

[IEV 841-30-27, modified]

3.14

beam paktern
image created by a cyclic time function of electron beam positions or a superppsitio
cycles

3.15
maximum deflection angle

angle befween electron beam attitude without any deflection and(at maximum act
one diredtion

3.16
deflectign limits
limits of |a defined area that may proceed with the.electron beam without dange
equipment at reasonable power distribution

3.17
maximumn deflection frequency

frequenc}l, at which the amplitude of the deftected beam is reduced to one half in rel
static def]

3.18
beam power
product df electron beam current and acceleration voltage

3.19
cathode[current
electron ¢urrent flowing from cathode

NOTE 1 The electron beam current arriving at the workpiece may either be lower than the cathode cu
to several ¢rders_of magnitude larger than the emission current if ion bombardment is also present.

ection caused by the dynamic performance of the complete deflection system

N of such

vation in

r for the

htion to a

rent, or up

NOTE 2 T:IUIU ib a UlifoIUIIL;C ILJU?.VVUUII t:lc }JUDD;IU:U UIII;DD;UII LzUIIUIIt dII\J‘ t:IU u;luu:atcu' LzuIIUIIt, uatiluu‘
limited by the space charge.

3.20
rated power (of an electron gun)
product of acceleration voltage and cathode current

4 General test requirements

4.1 Test procedure

e current is

The test procedure includes tests and measurements, which can be grouped as follows:

a) Tests of auxiliary facilities (Clause 5);
b) Tests of electron gun system (Clause 6);

c) Production run tests (Clause 7).
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The tests of group a) shall be finished before proceeding to the group b) tests. The test
procedure shall include all relevant tests of groups a) and b). Production run tests of group c)
are only recommendations, their necessity depends on the beam properties requested by the
application.

42 Te

st intervals

The test procedure shall be carried out immediately

e after the erection of the electron beam gun installation,

e after general repair work,

e after an accident caused by the electron beam gun installation,

o after

The test
determin

After a rd

substantial modifications of the installation.

procedure shall be repeated at least once a year. A shorter (period
bd by the manufacturer or by the user of the installation.

pair of a single component the relevant test(s) is also required;and may be

functionallities directly influenced by this component.

4.3 An

The test
condition

The amb
temperat
temperat

nbient conditions

5 shall be carried out in the ambient conditions)'stated in Table 1, unle
s are specified by the manufacturer.

Table 1 — Ambient conditions for tests

Normal 20
Ambient temperature °C | Minimum 15
Maximum 40
Relative humidity % Maximum 85
Altitude above sea level m Maximum 1 000

NOTE When thevambient conditions are beyond the values listed in this
table, the measured values shall be corrected in accordance with the relevant
rules.

ent tempernature is considered as an average value. All quantities depende
Lire shall hefer to the ambient temperature of 20 °C, the so-called referencg
ire.

may be

imited to

ss other

nt on the
ambient

5 Test

Y uxittarv-Factiitt

5.1 Assembly check

Completeness and integrity of equipment of the electron gun installation shall be verified.
Particular attention shall be given to:

e safety appliances and danger signs,

e lock-out devices,

o X-ray

shields including lead glass view ports.
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5.2 Test of electrical equipment
5.21 General

Basically, the test of electrical equipment including control system shall be carried out in
accordance with IEC 60204-1, IEC 60398 and IEC 60204-11. Special test procedures for the
electrical equipment for electroheat installations with electron guns are stated in the following
subclauses. Special tests for electron guns and the high-voltage supply are given in Clause 6.

5.2.2 Continuity of return conductor and equipotential bonding

The return conductor and equipotential bonding shall be visually inspected for compliance
with IEC 60519-1 and IEC 60519-7 and a check for tightness of the connections shall be
made.

The cont|nuity of the protective bonding and the return conductor shall be verified by| injecting
current of at least 10 A at 50 Hz or 60 Hz derived from an electrically separated gxtra low
voltage source for a period of at least 10 s. Deviating from IEC 6020431, the measured
voltage drop shall not exceed 1,0 V in the case of return conductor and equipotentia] bonding
between jprocess chamber, electron gun and the high-voltage supply.

5.2.3 Test of safety interlocks and alarm system

The test ghall be performed in accordance with IEC 60398.

Special dare should be given to the interlocks for thexacceleration voltage and, if it exists, to
the automatic earthing system (see 6.2.1 and 6.2.2):

When testing interlocks, only the control circuits shall be live. The power circuits ghould be
only switghed on for tests of monitoring circuits, which need these voltages.

5.3 Test of liquid cooling system

The test|shall be carried out in~accordance with IEC 60398. If some parts and |electrical
devices ¢annot withstand 1,5 times the maximum pressure, for example double wall vacuum
chambers$, turbo molecular_pumps and heat exchangers in electrical cabinets, they| shall be
bypassed or disconnected and individually tested according to manufacturer's instructions.

5.4 Test of actuation systems

The elegtron beam installation may be equipped with different actuation systems like
compressed aair, hydraulics and electric motion systems. These systems shall Qe tested
accordingﬂ to-the relevant standards and manufacturer's instructions. Particular attenrion shall
be given ita®

e protective devices against overload and mechanical malfunction,

e means to safeguard personnel against dangerous movements.
5.5 Vacuum test

Measurement shall be carried out using an ionization vacuum gauge when the installation is
clean.

A pressure of 10~2 Pa or lower shall be attained in the electron gun chamber, when the
cathode is cold. For this measurement, the vacuum chamber shall be separated from the gun
chamber, or if not possible, the vacuum chamber shall be cleaned and no workpiece shall be
placed inside the chamber.
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After heating up, the cathode shall be degassed for 30 min, then a pressure of 5 x 102 Pa or
lower shall be attained.

The required pressure for the vacuum chamber depends on the process and the kind of
separation between a gun chamber and vacuum chamber. In any case, the pressure inside
the gun chamber shall be below the level of 5 x 10~2 Pa also in the case of maximum
specified process pressure inside the vacuum chamber.

6 Test of electron gun system

6.1 Electron gun

6.1.1 Condition of parts

The indiidual parts of the electron gun shall be checked regarding cleanness)‘tighthess and
adjustme]nt according to the manufacturer's maintenance instruction. Particular-care ghould be
given to f{he cathode system.

6.1.2 Moveable parts

If the elefctron gun has any moveable parts, like for example ayvario cathode or varfo anode,
the movegment shall be checked regarding smooth running, limits'and accuracy of pogitioning.

6.1.3 nsulation resistance tests

The insujation resistance between high voltage conductors and ground shall be measured
according to Clause 19 of IEC 60204-11 (2000).

6.2 High-voltage power supply including-cables
6.2.1 Farthing system
6.2.1.1 Test of earthing stick

All parts [of the earthing stick, the earthing cable as well as the connections to ground and to
the hooks$ shall be carefullysinspected. Damaged parts shall be replaced, immediately.

6.2.1.2 Test of automatic earthing systems

Connectipn wires;~Contacts and control devices shall be checked visually.

Beside the test of reliable operation of each earthing device, it is also necessary to ¢heck the
monitoring \Cifcuits for earth connection. For this purpose, a piece of paper is put between the
contacts. The simulation of this failure may only be done as long as power circuits are
switched off in a safe way.

6.2.2 Safety installation

Beside the test of reliable operation of each safety device and the right assignment, it is also
necessary to check whether the monitoring circuits for redundant elements can detect a single
failure. The simulation of such a failure may only be done as long as power circuits are
switched off in a safe way.

6.2.3 High voltage connectors

The insulation resistance between high voltage conductors and ground shall be measured
according to Clause 19 of IEC 60204-11 (2000). Connections to ground or other potentials
shall be temporarily disconnected for the measurement.
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The cleanness of connectors and the right assignment of the high voltage cables to the
connectors at high voltage supply and electron gun shall be carefully checked.

6.2.4 Calibration of internal measurement systems

The measurement of acceleration voltage and return current shall be calibrated periodically.
The reference measuring instruments shall have an accuracy of at least class 0,5. The same
accuracy is necessary for voltage divider and shunts, if they are used for the calibration.

In the case that the power is calculated by means of an analogue multiplier, this device shall
be calibrated, too.

NOTE In mosi-cases—ii-is—not-possible—forthehigh-voltage—supplytomeasure—thereal-beam—current; The return
current may be used as an equivalent.

6.2.5 Test of over-current protection device
6.2.5.1 Testing with a short circuit

The currgnt drawn from the high-voltage power supply shall be increased to a leviel higher
than its rpted value, and the over-current control device shall operate) at the specified current.
The prefé¢rred method of performing this test is to apply a short cifeuit to the output ferminals
of the high-voltage supply taking suitable precautions to aveid damage to equipment and
hazard tq personnel.

6.2.5.2 Test of the normal functioning of the over-current protection device

Before rated power tests may be carried out, the* normal functioning of the over-current
protection device shall be first tested by increasingthe emission current above its rated value,
in accordance with the manufacturer’s specification.

6.3 Test of electron beam bending system

The perfprmance of a bending system may be checked with the help of a reference beam
pattern. This pattern is created during the first installation corresponding to fix points inside
the chanjber, at the crucible or~the work piece support, respectively. The stored feference
beam p4qttern shall be applied on a regular basis under similar conditions (acgeleration
voltage, beam power, bending current) to check the stability of the bending system.

Alternatiyely, the magnetic field can be measured at several defined points (for exammple at a
virtual giffid in the-plane of the bended gun axis). If the magnetic field is generatged by an
electromagnetic'coil, the magnetic field shall be recorded as well as the corresponding current
through the coil:

6.4 Test of electron beam deflection system

Before using the electron gun in production, the following properties of the deflection system
shall be checked:

e the condition of cables, connectors and amplifiers (visual check),

e coil resistance or inductance and insulation resistance (see 6.5),

e the right assignment of deflection directions,

e the correlation between deflection angle and coil current,

e the functioning of the amplifiers and

e the functioning of electron beam interlock in case of deflection system faults.

The parameters of the beam deflection shall be tested under hot run conditions (see 7.1).
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6.5 Test of electron beam focusing system

The test

of the focusing system includes:

e avisual check of cables, connectors and amplifiers,

e the measurement of coil resistance or coil inductance,

IEC:2008

e the insulation resistance measurement from coils to ground and to the coils of the
deflection system and

e checking the functioning of the amplifiers.

The insulation resistance shall have a value higher than 100 kQ. It shall be measured at
extra-low voltage only.

7 Production run tests

71 Prpperties of beam deflection

711

Deflection limits

The deflgction system should have the possibility to define limits,<which restrict a pi

area for
sample,

the beam. Before the electron beam is made visible-with an adequate pat
preliminary limits are set to start the test with a small processing area. After

the effecliveness of the limits for the beam deflection, thie )processing area may be
step by step.

7.1.2

Frequency response

For deteftion of the maximum deflection freguency, the beam pattern is made V

bombard
circle sh

ng a sample with the electron beam. In the case of deflection in two dire
puld be the preferred pattern. Starting with a low deflection value (lower

tenth of the expected maximum), the frequency is being increased till the pattern is rg
half of it size. The test pattern sizetshall be 10 % of the maximum deflection angl
other corlditions are specified by-the“manufacturer.

7.1.3

A beam

| inearity of deflection angle

pattern is made_visible by bombarding a sample with the electron beam. In

of deflectgion in two directions, a circle should be the preferred pattern. The pattern

with a f
increase

In case
angle, th

ocessing
tern at a
checking
enlarged

isible by
ctions, a
than one
duced to
e, unless

the case
is drawn

fequency ‘much lower than the maximum deflection frequency. The amplitude is
¢ in 5 te’\0 equal steps from 10 % to 100 % of the maximum deflection anglg.

eflection

lhat the equipment does not allow to operate the gun with its maximum (

7.2 Rated power test

The rated power is defined as the product of the cathode current and the acceleration voltage.
The cathode current is measured as return current at the cold end of the acceleration voltage

supply.

To reduce risks for service personnel, the internal measurement devices of high-voltage
supply can be used for identification of rated power, after calibration according to 6.2.4.
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7.3 Testing of electron beam parameters
7.31 Beam power

A workpiece or collector is installed, electrically insulated inside the vacuum chamber and
connected via a shunt with low resistance to the return conductor. The beam current is given
by the resistance of the shunt and the measured voltage drop over the shunt. The beam
power is the product of this current and the acceleration voltage.

NOTE A damaged shunt can cause dangerous voltages at the measurement connection to the workpiece.
7.3.2 Beam diameter

7.3.2.1 —Collector with slit

The beam is scanned via a collector with a slit. The period is measured, when the current
flowing v|a the collector is less than 10 % of the beam current. Drawing a circlé jon a|collector
with radial arranged slits allows the measurement of the beam dimension in‘several directions.

7.3.2.2 Drilling test

A hole is|drilled by the beam into a sample located next to the warkpiece. It shall bg ensured
that heat|from the workpiece does not influence the size of the hole.

The shapge of the spot should be visually inspected in orderto detect the focusing symmetry.

NOTE Thé beam diameter is also influenced by the beam currentiand vacuum conditions.
7.4 M1asurement of surface temperature of/h@ated devices

The temperature measurement shall be dopetby a thermocouple, resistance thermgmeter or
pyrometgr according to IEC 60398.

7.5 Long-term stability under hot-run conditions

The instdllation with electron gun_is operated under nominal conditions.

Voltages|and currents for(supply of the cathode system and the gun shall attain stable values
according to the specifications after at the latest 30 min.

After 8 hfrun, it shall"be checked whether heat or radiation cause changes or destryctions at
components of the‘installation. Special care shall be given to:

e the condition of cathode system,

e the mobility of moveable parts,
e vacuum and water seals,

e the condition of crucibles, supports, shielding and similar equipment.
7.6 X-ray test

The test shall be carried out in accordance with national requirements.

The X-ray emission test shall be carried out after any replacement of X-ray shielding of
relevant parts of the gun chamber and vacuum chamber.
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7.7 Testing related to electromagnetic effects

The measurements connected with EMC issues and influence of electromagnetic fields on
people according to 6.4 of IEC 60519-1 (2003) apply.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

METHODES D'ESSAI DES INSTALLATIONS ELECTROTHERMIQUES

1) La Commission Electrotechnique

COMPORTANT DES CANONS A ELECTRONS

AVANT-PROPOS

Internationale (CEIl) est une organisation mondiale de normalisation

composée de l'ensemble des comités électrotechniques nationaux (Comités nationaux de la CEl). La CEIl a
pour objet de favoriser la coopération internationale pour toutes les questions de normalisation dans les
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— la derniére édition de la CEI 60519-7 a été prise en compte;

— les exigences d'essai ont été complétées avec de nouveaux points importants pour I'essai
et I'acceptation des installations.
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Le texte de cette Norme est basé sur les documents suivants:

CDV Rapport de vote
27/628/CDV 27/648/RVC

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette Norme.

Cette publication a été rédigée selon les Directives ISO/CEI, Partie 2.

Le comité a décidé que le contenu de cette publication ne sera pas modifié avant la date de
maintenance indiquée sur le site web de la CEI sous http://webstore.iec.ch dans les|données
relatives ja la publication recherchée. A cette date, la publication sera

* reconduite,
* supprimée,
* remplacée par une édition révisée, ou

e amendée.
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METHODES D'ESSAI DES INSTALLATIONS ’ELECTROTHERMIQUES
COMPORTANT DES CANONS A ELECTRONS

1 Domaine d'application et objet

La présente Norme internationale s'applique aux installations électrothermiques comportant
un ou plusieurs canons a électrons comme source de chaleur.

L'objet ettant de
déterminger les parametres essentiels ainsi que les données et les caractéristiquesttechniques
des installations électrothermiques comportant un ou plusieurs canons a électraons.

Les essalis contenus dans la présente norme ne sont en aucun cas obligatoires et |a liste de
ces essajs n'est pas non plus limitative. Les essais a réaliser peuvent gtre choisis a| partir de
la liste pfoposée. Les spécifications établies par accord entre I'utilisateur et le fabr|cant des
installatigns électrothermiques peuvent compléter ces recommandations, mais il|convient
qu’elles ne soient pas en contradiction avec ces derniéres.

2 Réfdrences normatives

Les docliments de référence suivants sont indispensables pour I'application dy présent
documenit. Pour des références datées, seule_l'edition citée est applicable. Pour les
référencgs non datées, la derniére édition du document de référence s'applique (y compris les
éventuel$ amendements).

CEl 60090-841:2004, Vocabulaire Electrotechnique International (VEI) - Paftie 841:
Electrothermie industrielle

CEI 60204-1:2005, Sécurité des machines — Equipement électrique des machines —|Partie 1:
Regles ggnérales

CEI 60204-11:2000, Sécurité des machines — Equipement électrique des machines — Partie
11: Presgriptions pour.es équipements HT fonctionnant a des tensions supérieures @ 1 000 V
c.a. ou 1|1500 V c.cset'ne dépassant pas 36 kV

CEI 60398:1999, Chauffage électrique industriel — Méthodes générales d'essai

CE' 60540 1-2004 SAcpritA _danc Inc notallatinna Alactrathappad
I~z oo C C ot C—CarTro— T C oo ta At oo — e Ctrotrr e

générales

artie—+—Exigences

CEI 60519-7:2008, Sécurité dans les installations électrothermiques — Partie 7: Exigences
particuliéres pour les installations comportant des canons a électrons

3 Termes et définitions

Pour les besoins du présent document, les termes et les définitions donnés dans la
CEI 60050-841, dans la CEI 60519-7 (certains d'entre eux sont répétés ici) et ceux qui
suivent s’appliquent.
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3.1

faisceau électronique

flux d'électrons émis a partir d'une source (cathode ou plasma) et se déplagant le long de
trajectoires déterminées avec exactitude a de trés grandes vitesses

[VEI 841-30-01, modifiée]

3.2

canon a électrons

systéme qui permet la génération, la formation et I'accélération d’'un ou plusieurs faisceaux
électroniques

[VEI 841-30-08, modifiée]

3.3
anode (d'un canon a électrons)
électrodd capable de faire sortir et d'accélérer des électrons a partir du milieu de pjus faible
conductiyité

[VEI 841422-31, modifiée]

3.4
cathode|(d'un canon a électrons)
électrodd capable d'émettre des électrons a partir du milieu de plus faible condyctivité et
aussi de [collecter les porteurs de charge positifs, si nécessaire

[VEI 841422-32, modifiée]

3.5
tension d'accélération d'un faisceau
différence de potentiel entre la cathode etyl"anode et servant a créer un champ électrique
destiné g accélérer les électrons

[VEI 841{30-29]

3.6
alimentation a haute tension
source d¢ la tension d'accélération et du courant d'émission des canons a électrons

3.7
conducteur de retolir
interconnexion électrique entre I'alimentation a haute tension (péle positif) et la parfie anode
du systéme de.canon a électrons, y compris I'enceinte sous vide autour de la piece aftraiter

3.8
verrouillage
dispositif qui empéche l'activation d'une piéce d'un équipement dés lors qu'un quelconque
risque ou danger existe

3.9

enceinte sous vide

espace fermé d'une installation sous vide construit de fagon telle qu'il peut supporter une
atmospheére raréfiée en son sein, dans lequel la piéce a traiter est placée

3.10
enceinte de canon a électrons
enceinte sous vide dans laquelle le canon a électrons est placé

NOTE Cette enceinte peut étre séparée de la piéce a traiter par une ouverture, de sorte qu'on peut établir une
différence de pression entre le canon a électrons et la piéce a traiter.
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de déflexion du faisceau électronique

systéme de bobines électromagnétiques ou d’électrodes de déflexion utilisé pour placer le
faisceau en différentes positions de travail ou déplacer le faisceau au-dessus de la surface de
chauffage de la charge

[VEI 841-30-25, modifiée]

3.12
systéme

de déviation du faisceau électronique

systéme de bobines électromagnétiques ou d'aimants permanents pour modifier la direction

du faisce

3.13

systéme
bobine é
focaliser

au électronique en dehors du canon a électrons

de mise au point du faisceau électronique
ectromagnétique ou systéme de bobines ou de condensateurs a plagues
le faisceau électronique au-dessus de la surface de chauffage delacharge

[VEI 841430-27, modifiée]

3.14

diagram
image ¢
électroni

3.15

angle de
angle en
avec acti

3.16

me de faisceau
réée par une fonction de temporisation cyclique’ des positions du
jlue ou une superposition de ces cycles

déflexion maximale
re |'attitude du faisceau électronique en-Fabsence de toute déflexion et so
vation maximale dans une direction

limite del déflexion

limite d'u

Ine zone définie qui peut étre-balayée par le faisceau électronique sans dar

I'équipenjent avec une répartitiopn-de’la puissance raisonnable

3.17

fréquenge de déflexion.maximale

fréquenc
déflexion|

3.18

b a laquelle |'lamplitude du faisceau dévié est réduite a une moitié par rapp
statique causée par un fonctionnement dynamique du systéme de déflexion

puissang¢e du faisceau

produit d

3.19
courant

. courant de faisceau électronique et de la tension d'accélération

Hestiné a

faisceau

n attitude

ger pour

prt a une
complet

de cathode

courant électronique circulant a partir de la cathode

NOTE 1 Le courant de faisceau électronique arrivant sur la piece a travailler peut soit étre inférieur au courant de
cathode, soit plus important jusqu'a plusieurs ordres de grandeur que le courant d'émission si un bombardement

ionique est

aussi présent.

NOTE 2 |l existe une différence entre le courant d'émission possible et le courant circulé; le courant de cathode

est limité p

3.20

ar la charge d'espace.

puissance assignée (d'un canon a électrons)
produit de la tension d'accélération et du courant de cathode
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4 Exigences générales pour les essais

4.1 Méthode d'essai

CEI:2008

La méthode d'essai comporte les essais et les mesures, lesquels peuvent étre groupés
comme suit:

a) Essais des appareils auxiliaires (Article 5);

b) Essais du systéme canon a électrons (Article 6);

c) Essais de campagne de production (Article 7).

Les essais du groupe a) doivent étre terminés avant de procéder aux essais du groupe b). La

méthode
essais d

4.2 Périodicité des essais
La méthqde d'essai doit étre réalisée immédiatement:

e aprés|la mise en place de l'installation de canon a faisceau d'electrons,
e aprés/des travaux généraux de réparation,
e apréslun accident causé par l'installation de canon a faisceau d'électrons,

e aprés/des modifications substantielles de l'installation.

La méthade d'essai doit étre répétée au moins une fois par an. Une périodicité pl

peut étre

Apres la
peuvent

4.3 Cdgnditions ambiantes

Les essqis doivent étre réalisés dans les conditions ambiantes établies au Tablea
autres cdnditions spécifiées par le fabricant.

déterminée par le fabricant ou par I'utilisateur de I'installation.

réparation d'un composant isolé,\l&“ou les essais appropriés sont aussi exi

Tableau 1 — Conditions ambiantes pour les essais

ptre limités aux fonctionnalités directement sous l'influence de ce composan{.

&mmmmw b). Les
e campagne de production du groupe c) ne sont que des recommandations, la

nécessit4 de les exécuter dépend des propriétés du faisceau exigées par |'application.

Is courte

gés mais

u 1, sauf

Normale 20
Température ambiante °C | Minimum 15
Maximum 40
Humidité relative % Maximum 85
Altitude au-dessus du niveau delamer m Maximum 1000

NOTE Lorsque les conditions ambiantes sont au-dela des valeurs listées
dans ce tableau, les valeurs mesurées doivent étre corrigées selon les regles
appropriées.

La température ambiante est considérée comme une valeur moyenne. Toutes les grandeurs
dépendant de la température doivent faire référence a la température ambiante a 20 °C,

nommeée

ainsi température ambiante de référence.
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5 Essai des appareils auxiliaires

5.1 Vérification d'ensemble

L'intégralité et l'intégrité de I'équipement de l'installation de canon a faisceau d'électrons
doivent étre vérifiées. Une attention particuliére doit étre donnée:

e aux applications de sécurité et aux signaux d'avertissement de dangers,
e aux dispositifs de verrouillage,

e aux écrans rayons X y compris les hublots d'observation en verre.

5.2 Essai de I’'équipement électrique

5.2.1 [Généralités

En principe, I'essai de I'équipement électrique y compris le systeme de commande|doit étre
réalisé gelon la CEI 60204-1, la CEI 60398 et la CEIl 60204-11. Les—~méthodes$ d'essai
particulieres a I'équipement électrique des installations de chauffage comportant des canons
a électrgdns sont établies dans les paragraphes suivants. Les essdis-particuliers |pour les
canons gl électrons et les alimentations a haute tension sont donnés™ 3 I'Article 6.

5.2.2 Continuité du conducteur de retour et liaison équipotentielle

Le condycteur de retour et la liaison équipotentielle doivent satisfaire a un examgn visuel
pour la ponformité a la CEI 60519-1 et a la CEI 60519-7 ainsi qu'a une vérifigation de
I'étanchéjté des connexions.

La contiguité du circuit de protection et du condtcteur de retour doit étre vérifiée enjinjectant
un courant électrique d'au moins 10 A a 50Kz ou 60 Hz a partir d'une source trgs basse
tension ¢lectriquement séparée pendant une durée d'au moins 10 s. A la différerce de la
CEI 60204-1, la chute de tension mesuree ne doit pas dépasser 1,0V dans le dqas ou le
conductejur de retour et la liaison équipotentielle sont placés entre la chambre de {ravail, le
canon a ¢lectrons et I'alimentation a-haute tension.

5.2.3 Fssai des verrouillages de sécurité et du systéme d'alarme

L'essai dpit étre réalisé canformément a la CEl 60398.

Il convient de porterune attention particuliere aux verrouillages pour la tension d'acgélération
et, s'il ex|ste, au sySteme automatique de mise a la terre (voir 6.2.1 et 6.2.2).

Lors de llessaides verrouillages, seuls les circuits de commande doivent étre sous tension. Il
convient|que’ les circuits de puissance soient alimentés pour les essais des cifcuits de
surveillance lorsque ces tensions sont nécessaires.

5.3 Essai du systéme de refroidissement par liquide

L'essai doit étre réalisé selon la CEI 60398. Si certaines parties et certains appareils
électriques ne peuvent supporter 1,5 fois la pression maximale, par exemple les enceintes
sous vide a double barriére, les pompes turbomoléculaires et les échangeurs de chaleur dans
les coffrets électriques, ils doivent étre pontés ou déconnectés et essayés individuellement
selon les instructions du fabricant.

5.4 Essai des systémes de manceuvre

L'installation a canon a électrons peut étre équipée avec différents systémes de manceuvre
comme des systémes de déplacement a air comprimé, hydraulique et électrique. Ces
systémes doivent étre essayés selon les normes appropriées et les instructions du fabricant.
Une attention particuliére doit étre donnée:


https://iecnorm.com/api/?name=5f9cf8e9ae7610b205cce96254a3d9d4
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