BRITISH STANDARD BS EN
1011-7:2004

Welding —
Recommendations for
welding of metallic
materials —

Part 7: Electron beam welding

The European Standard EN 1011-7:2004 has the status of a
British Standard

Confirmed
July 2009

ICS 25.160.10

AN
| -
r. --L; |

g

NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW e s b
] BrltlSh Standal’ds

Full document details: BS EN 1011-7:2004


http://www.avadocuments.com/doc/bs-en-1011-7-2004
http://www.avadocuments.com/doc/bs-en-1011-7-2004

BS EN 1011-7:2004

This British Standard was
published under the authority
of the Standards Policy and
Strategy Committee on

4 August 2004

© BSI 4 August 2004

ISBN 0 580 44198 9

National foreword

This British Standard is the official English language version of
EN 1011-7:2004.

The UK participation in its preparation was entrusted to Technical Committee
WEE/-/1, Briefing committee for welding, which has the responsibility to:

— aid enquirers to understand the text;

—  present to the responsible international/European committee any
enquiries on the interpretation, or proposals for change, and keep the
UK interests informed,;

— monitor related international and European developments and
promulgate them in the UK.

A list of organizations represented on this committee can be obtained on
request to its secretary.

Cross-references

The British Standards which implement international or European
publications referred to in this document may be found in the BSI Catalogue
under the section entitled “International Standards Correspondence Index”, or
by using the “Search” facility of the BSI Electronic Catalogue or of

British Standards Online.

This publication does not purport to include all the necessary provisions of a
contract. Users are responsible for its correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, the EN title page,
pages 2 to 41 and a back cover.

The BSI copyright notice displayed in this document indicates when the
document was last issued.

Amendments issued since publication

Amd. No. Date Comments

____Documents

Document Sharing Hub

Full document details: BS EN 1011-7:2004


http://www.avadocuments.com/doc/bs-en-1011-7-2004
http://www.avadocuments.com/doc/bs-en-1011-7-2004

EUROPEAN STANDARD EN 1011-7
NORME EUROPEENNE

EUROPAISCHE NORM July 2004

ICS 25.160.10

English version

Welding - Recommendations for welding of metallic materials -
Part 7: Electron beam welding

Soudage - Recommandations pour le soudage des SchweifBen - Empfehlungen zum Schwei3en metallischer
matériaux métalliques - Partie 7 : Soudage par faisceau Werkstoffe - Teil 7: Elektronenstrahlschwei3en
d'électrons

This European Standard was approved by CEN on 30 April 2004.

CEN members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this European
Standard the status of a national standard without any alteration. Up-to-date lists and bibliographical references concerning such national
standards may be obtained on application to the Central Secretariat or to any CEN member.

This European Standard exists in three official versions (English, French, German). A version in any other language made by translation
under the responsibility of a CEN member into its own language and notified to the Central Secretariat has the same status as the official
versions.

CEN members are the national standards bodies of Austria, Belgium, Cyprus, Czech Republic, Denmark, Estonia, Finland, France,
Germany, Greece, Hungary, Iceland, Ireland, ltaly, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Slovakia,
Slovenia, Spain, Sweden, Switzerland and United Kingdom.

. — |

EUROPEAN COMMITTEE FOR STANDARDIZATION
COMITE EUROPEEN DE NORMALISATION
EUROPAISCHES KOMITEE FUR NORMUNG

Management Centre: rue de Stassart, 36 B-1050 Brussels

© 2004 CEN  All rights of exploitation in any form and by any means reserved Ref. No. EN 1011-7:2004: E
worldwide for CEN national Members.

Documents

Document Sharing Hub

Full document details: BS EN 1011-7:2004


http://dx.doi.org/10.3403/03092223U
http://www.avadocuments.com/doc/bs-en-1011-7-2004
http://www.avadocuments.com/doc/bs-en-1011-7-2004

EN 1011-7:2004 (E)

Contents
page

0 =TT o 5
o Yo 11 o oY 6
1 ST o o - Y 7
2 VLo T4 F= LAY =T =T = o 1o == 7
3 Terms and definitioNS ... e 7
4 L T 117 T (=T [T =T 43 T=T o 12
5 Storage and handling of parent metals and consumables ..........ccccccmiiiiiiiicccccerre e 12
6 L0231 Lo 11 T T 2= e | =P 12
7 Qualification of the welding PEersONNEl...........cccoiiiiiciii e 13
8 Welding procedure SpecCifiCation ...........ccciiceiiiiiisiin i 13
9 L AT =Y Lo [ g T I o] o= U] o =0 == PP 14
10 B0 o1 o =Y o T T 1 o 14
10.1 11 T 113 14
10.2  DemMaAagnNetiSatioN .......ciiceiiiiiiri i ————— 14
L 0 1= o ] T 14
0.4 ASSEMDIY et 15
1 B0 o1 e (== T | 15
1.1 I T T8 Lo T T= LIRS = - g = 15
R O 1 o - T == | 1o 16
12 EVacUuation NOIES ... 17
13 Tack welds, COSMELIC PASSES .....uuerrrriiiiiiiinir s s e e s s s r e e e e e s e annr e e e e s s aan 17
14 Thermal pre- and post heat treatment ... e e e nnne 18
15 DOCUMENTALION.....ccii i 18
Annex A (informative) Information about weldability of metallic materials .........cccococcnnriiiiiciicee, 19
AA1 (6.7 4 =T o 19
A.2 Steels aNd iroN AllOYS .....uuiiiiiiiri i ————————————————————— 19
A3 Nickel and nickel @llOYS ........coiiiiiiiiii i —————————————— 20
A4 Aluminium and magnesium alloys.........cccciiiiiii i ———————————— 20
A.5 (007 oT 07T =T Lo I 2T o 0 T=T - 1] [ 3£ 20
A.6 Refractory and reactive Metals ... s s e e e s n e e e e s nnnn e s 21
A7 DisSimilar MEtalS .......cooiiiii i ————————— 21
A.8 V0§ 10 =1 1 21
Annex B (informative) Information about causes of weld imperfections and prevention..........ccccoceccvriicneenn. 23
Annex C (informative) Summary of electron beam weldability of metals with reference to

CR ISO 15608:2000 GIOUPS ....ceeiieamrerisasmrrrssssmsesssssnsessssssesssssssesssssanesssssansssssssnsssssssnsesssssnsesssssnnessssnnasssssnnens 26
C.1 Grouping System fOr StEEIS .......ccciiiiiiiiiiirr i ———————————————— 26
C.2 Grouping system for aluminium and aluminium alloys.........cccceiinnimrn e ——— 30
C.3 Grouping system for copper and copper alloys.........ccccoiiiiiiiiiiicierrr s 31
C4 Grouping system for nickel and nickel alloys .........cocciiiiiiriiinir e ——— 31
C.5 Grouping system for titanium and titanium alloys...........cccccviiiinri e ——— 32
C.6 Grouping system for zirconium and zirconium alloys..........ccccriiriimmnn e ———— 32
C.7 Grouping system for Cast irON ........ccccceiiiiiii et Doeu.mems

2 Document Sharing Hub

Full document details: BS EN 1011-7:2004


http://www.avadocuments.com/doc/bs-en-1011-7-2004
http://www.avadocuments.com/doc/bs-en-1011-7-2004

EN 1011-7:2004 (E)

Annex D (informative) Examples of preparation of circular joints........c.ccccciiriimnnii e, 34
1 0T 1o o = o /2 41
Figures

Figure 1 — Terms of electron beam oScCillation...........cooiiii i ne e e e s nean 8
Figure 2 — Definition of working distance and focusing diStance .........ccccoccccciimrirr s 9
Figure 3 — Definition for termination of circular SEaMS .........cceviriiiic i 10
Figure 4 — Welding with interlayer material............oooviiiiiiiiiiiiiiii s ern e nnnne 1
Figure 5 — Welding of dissimilar metals with transition material.........cccccerri i 12
Figure 6 — Example of preparation of surface treated WOrk piecCes.......ccccccvivecccimrriinin s e 14
Figure 7 — Normal square butt Weld ... 15
Figure 8 — Square butt weld with spigot or integral backing........ccccccoccminnimmmnn 16
Figure 9 — Square butt weld with detached backing ..........ccccconiiimiinni s —— 16
Figure 10 — Work piece with run-on and run-off plate for separating the weld start and weld end ............... 16
Figure 11 — Machining-related Cavities ..........cccoiiiiiini i ———— 17
Figure 12 — Weldment with additional hole for evacuating the cavity........cccccocciniiinnniin 17
Figure A.1 — Sensitivity of hot cracks depending of alloy contents in aluminium..........cccccciiiiccccierieeennnnne. 22
Figure D.1 — Various types of radial joints with centring........cccceevieicceiiiiii e 34
Figure D.2 — Work piece with radial joint, centred using a welding jig ........ccccevviiiiiiiii s eeeees 35
Figure D.3 — Work pieces with unsuitable and better positions for radial weld............ccccccmrrrrriiicccccscernnennnn. 35
Figure D.4 — Various types of axial JOINES.........uuicciiimiiimiiis e snn e ssmne e e e s nmnn e e e s 36

Figure D.5 — Example of an axial weld with a depth of fusion zone adapted to suit the strength requirement
(not welded through the full thickness of the joint)..........cccciiiini e ————— 36

Figure D.6 — Improved joint detail for axial welds with reduced stress concentration ............ccccuriiiinniiinnnnn, 37

Figure D.7 — Deterioration of joint fit-up that occurs when welding axial joints assembled with a clearance
L 37

Figure D.8 — Effect of the method of manufacture on the dimensions of gear wheels ...........ccccociiiniiiiinennn. 38

Figure D.9 — Example of a gear wheel with an unsuitable located axial joint. The joint is too close to the
L= 1= L o o - T 38

Figure D.10 — Better positioned axial joint compared with figure D.9. The joint is further from the central
bore and the wall thickness has been adapted to suit the required weld strength ............ccueemeeennnnnnneeee. 39

Figure D.11 — Better positioned axial joint compared with figure D.9. The slot has been included to

accommodate radial SRHNKAQE. ..o s n s n e n e 39
Figure D.12 — Example of a difficult to access electron beam weld.........ccccceeeereeeiseeriannnne Documents
Document Sharingqiub

Full document details: BS EN 1011-7:2004


http://www.avadocuments.com/doc/bs-en-1011-7-2004
http://www.avadocuments.com/doc/bs-en-1011-7-2004

EN 1011-7:2004 (E)

Figure D.13 — Relative tendency of axial and radial welds to cause deformation............ccccevriimnriniinnnniinnen, 40
Tables

Table B.1 — Causes of weld imperfections and prevention ... e 23
Table C.1 — Grouping system for Steels.........cccuiimiini e ——————— 27
Table C.2 — Grouping system for aluminium and aluminium alloys.......cccceveccicrmrirrin e e 30
Table C.3 — Grouping system for copper and COPPEr AllOYS ........cccccivcmrrrreriiiisissssssereeersssssssssssssreesssssssssssnssesses 31
Table C.4 — Grouping system for nickel and nickel alloys........ccccvivccccimmmiiiic e 31
Table C.5 — Grouping system for titanium and titanium alloys.........cccccemiiiiiccccccmrine e 32
Table C.6 — Grouping system for zirconium and zirconium alloys.......ccccivecccicmemrrmrn s 32
Table C.7 — Grouping System fOr Cast irONS........ccccciiiiiiiiic i e s ssmn e e s ee s s s smn e e e e essanssnnnnnnanees 33
. Documents

Document Sharing Hub

Full document details: BS EN 1011-7:2004


http://www.avadocuments.com/doc/bs-en-1011-7-2004
http://www.avadocuments.com/doc/bs-en-1011-7-2004

EN 1011-7:2004 (E)

Foreword

This document (EN 1011-7:2004) has been prepared by Technical Committee CEN/TC 121 “Welding”, the
secretariat of which is held by DIN.

This European Standard shall be given the status of a national standard, either by publication of an identical text or
by endorsement, at the latest by January 2005, and conflicting national standards shall be withdrawn at the latest
by January 2005.

This document has been prepared under a mandate given to CEN by the European Commission and the European
Free Trade Association, and supports essential requirements of EU Directive(s).

This European Standard is composed of the following parts:

Part 1: General guidance for arc welding

Part 2: Arc welding of ferritic steels

Part 3: Arc welding of stainless steels

Part 4: Arc welding of aluminium and aluminium alloys

Part 5: Welding of clad steel

Part 7: Electron beam welding

Part 8: Welding of cast irons
According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Cyprus, Czech Republic, Denmark,

Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta,
Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland and United Kingdom.
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Introduction

This document contains special recommendations for the electron beam welding of metallic materials and should
be observed in connection with the general recommendations for welding according to EN 1011-1. It includes
details on quality requirements, production welding facilities as well as the weldability of some materials and
informs about welding procedures.

The special properties of electron beam welding derive from the high power and power density possible in the
beam spot, the resulting "deep welding effect" and the unique controllability of the process.

Electron beam welding is recommended for welding metallic materials which require low heat input, low shrinkage,
low distortion, and for welding dissimilar or reactive metals. It allows high welding speeds and flexibility of design by
joining simple components. The electron beam is able to join very thin and very thick sections and the combination
of both. It is also suited to automation and quality control.
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1 Scope

This document may be used for the electron beam welding (process no. 51 according to EN ISO 4063) of weldable
metallic materials according to CR ISO 15608. It does not contain data on permissible stresses on weld seams or
on the testing and evaluation of weld seams. Such data can either be seen from the relevant application standards
or should be separately agreed between the contracting parties.

A requirement for the application of this document is that the recommendations should be used by appropriately
trained and experienced personnel.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated references,
only the edition cited applies. For undated references, the latest edition of the referenced document (including any
amendments) applies.

EN 1011-1, Welding — Recommendations for welding of metallic materials — Part 1: General guidance for arc
welding

EN ISO 13919-1:1996, Welding — Electron and laser beam welded joints — Guidance on quality levels for
imperfections — Part 1: Steel (ISO 13919-1:1996)

EN ISO 13919-2:2001, Welding — Electron and laser beam welded joints — Guidance on quality levels for
imperfections — Part 2: Aluminium and its weldable alloys (ISO 13919-2:2001)

EN ISO 14744-1:2000, Welding — Acceptance inspection of electron beam welding machines — Part 1: Principles
and acceptance conditions (ISO 14744-1:2000)

EN ISO 14744-2, Welding — Acceptance inspection of electron beam welding machines — Part 2: Measurement of
accelerating voltage characteristics (ISO 14744-2:2000)

EN ISO 14744-3, Welding — Acceptance inspection of electron beam welding machines — Part 3: Measurement of
beam current characteristics (ISO 14744-3:2000)

EN ISO 14744-4, Welding — Acceptance inspection of electron beam welding machines — Part 4: Measurement of
welding speed (ISO 14744-4:2000)

EN ISO 14744-5, Welding — Acceptance inspection of electron beam welding machines — Part 5: Measurement of
run-out accuracy (ISO 14744-5:2000)

EN ISO 14744-6, Welding — Acceptance inspection of electron beam welding machines — Part 6: Measurement of
stability of spot position (ISO 14744-6:2000)

EN ISO 15614-11:2002, Specification and qualification of welding procedures for metallic materials — Welding
procedure test — Part 11: Electron and laser beam welding (ISO 15614-11:2002)

EN ISO 15609-3:2004, Specification and qualification of welding procedures for metallic materials — Welding
procedure specification — Part 3: Electron beam welding (ISO 15609-3:2004)

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ENISO 15609-3:2004,
EN ISO 13919-1:1996, EN ISO 13919-2:2003, EN ISO 14744-1:2000, and EN ISO 15614-11:2002 and the

following apply. Documents
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31
accelerating voltage
electric potential difference U, between cathode and anode

3.2
beam current
value of the electric current in the beam /g

3.3
beam oscillation
periodic deflection of the electron beam from the initial position defined in terms of pattern, dimensions and

OO~
cs

NOTE See Figure 1.

Key

1  Oscillation width
2 Initial position of the beam
3  Oscillation length

Figure 1 — Terms of electron beam oscillation

3.4
cosmetic pass
superficial remelting of the weld in order to enhance its appearance

NOTE This pass is usually made with a defocused or oscillating beam.
3.5
defocusing

deviation from the normal focus position (e. g. focus on work piece surface)

3.6
focusing distance
distance between the focusing lens plane and beam focus position
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NOTE See Figure 2.

Key

1 Work piece 5 Focusing distance
2  Working distance 6 Beam focus

3 Heat protection 7 Beam spot

4  Focusing lens

Figure 2 — Definition of working distance and focusing distance

3.7

working distance

distance between the surface of the work piece and a standard reference point on the equipment which is traceable
to the true focusing lens plane

NOTE See Figure 2.
3.8

lens current
current /| which flows through the electromagnetic focusing lens

3.9

slope down

controlled decrease of the beam power at the end of welding. The slope down region is the region on the work
piece in which the effects of slope down occur

NOTE See Figure 3. The slope down region can consist of one or two areas, depending on the selected welding mode:

a) in partial penetration welding:

— aregion where penetration decreases continuously.

b) in full penetration welding:

— aregion where beam penetration is still complete;

— aregion where penetration is partial or decreasing.
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{
f

c) Typical beam current Ig profile for a circular weld with overlap

Key

1 Work piece (welded zone) 7  Slope-down region

2 Delay between control starting and weld beginning 8 Direction of work piece motion
3  Slope-up region 9  Work piece (unwelded zone)
4 Overlapping region Iz Beam current

5 Electron beam [ Weld length

6 Remelted zone t  Weld time

Figure 3 — Definition for termination of circular seams
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3.10
slope-up
controlled increase of the beam power at the beginning of welding

NOTE See Figure 3.

3.11
spiking

EN 1011-7:2004 (E)

locally variation of fusion zone depths as a consequence of instabilities in the beam penetration mechanism

3.12
evacuation hole
hole for evacuating cavities in work pieces

NOTE See Figure 12.

3.13
working pressure

pressure measured in the welding enclosure in the vicinity of the work piece

3.14
interlayer material

alloy addition introduced by means of pre-placed foil at the joint interface to modify the weld fusion zone

composition to improve weldability or weld performance
NOTE See Figure 4.

/R

Joint prepared

Key

Parent material A
Interlayer material
Parent material A or B
Fusion zone

AOWON -

Joint welded

Figure 4 — Welding with interlayer material

3.15
transition material

buffer material insert employed to allow welding of metallurgically incompatible materials

NOTE See Figure 5.
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2
Joint prepared Joint welded
Key
1 Parent material A
2  Transition material
3  Parent material B
4  Fusion zone

Figure 5 — Welding of dissimilar metals with transition material

4 Quality requirements

The quality requirements should be given in the design specification prior to the beginning of welding work. They
should be based on EN 729-1 and EN 729-2 or EN 729-3 or EN 729-4 and EN ISO 13919-1 or EN ISO 13919-2,
unless relevant application standards are available.

5 Storage and handling of parent metals and consumables

In order to avoid contact corrosion, foreign metal inclusions etc., parent metals and consumables of dissimilar
classes of materials (according to CR ISO 15608) should not be stored and processed jointly.

6 Welding facilities

Welding facilities include the electron beam-welding machine, workshop, tools, clamping devices, demagnetisation
devices, and cleaning facilities. In the following, only those facilities, which are of particular significance for electron
beam welding, will be described in more detail.

The electron beam welding machine should be installed so that environmental conditions, such as mechanical
vibrations, noise and dirt from neighbouring machines, electric and magnetic fields do not influence the quality of
welds. Moreover, noise control regulations pursuant to the equipment safety act should be observed for the
vacuum pumps. In larger workshops, the machine operators' and machine setters' workplace should be shielded
against disturbances from manufacturing operations (e.g. by means of partition walls). The exhaust gases
generated during evacuation of the working chamber shall only be released into the environment in accordance
with the relevant emission regulations. Where particularly high demands are placed, on weld quality it is
recommended that filtered air or inert gas be used to vent the working chamber.

The supply voltage for the electron beam welding machine shall not vary by more than = 10 % and care should be
taken to ensure that the welding machine has a satisfactory earth connection.

The electron beam welding machine shall be subjected to an acceptance inspection according to EN ISO 14744-1
to EN ISO 14744-6 as part of an internal quality management upon commissioning or in the case of displacement,
modifications and repairs of major welding machine components. In this acceptance inspection the short and
long-term consistency as well as the reproducibility of the most important welding parameters and compliance with
particular characteristic data deviations will be measured and verified according to given deviation limits.
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