Standards for mechanical systems at
CERN
(with special focus
on pressure and cryogenic equipment)
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{ An equipment installed at CERN ‘: CERN Safet
:\ shall comply Wlﬂ‘l CERN r'ules ’ Cryogenic equipment at CERN

Publication date of the mechanical Safety rules: 9 June 2015

S51-M-1-1
slings and lifting chains ™

§5I-mM-2-1
55I-M-1-2 1 Pressure equipment
Cranes, bridge cranes, gantry cranes and
power-driven hoists J | 551-M-2-2
S51-M-1-3 L Simple pressure vessels
Non-fixed load-lifting equipment 551-M-2-3
S accessories for standard pressure
$51-M-1-4 1 GSI-M-2 e for pre r
M Iy p lifting ] Standard pressure equipment 1 $51-M-2-4
SS1-M-1-5 ]‘ Metallic pressurized piping
MEWP, suspended platforms, mast-climbing platforms
i S e ik Tt el gt 551-M-2-5
551-M-1-6 Vacuum chambers and beam pipes
Lifting tables, vehicle lifts and tail lifts \‘ §51-M-2-6

SR-M
Mechanical
Equipment

{ Transportable pressure equipment J

S51-M-1-7
Forklift trucks

GSI-M-4

« Definitions

« CERN Safety Rules and Laws (framework at CERN + relevant EU laws)

* Minimum Safety Requirements related to the life cycle of the equipment
* Basics for the Safety File
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CERN Safety

CERN EUROPE European countries
European Union
Directive:
European Directive
SR-M 2014/68/EV Harmonised codes and
65I-M-2 standards
SSI-M-2-1 on the (long list; i.e. EN
SSI-M-2-3 '‘Approximation of 13445 Unfired
55I-M-2-3 the laws of the Pressure Vessel)
GSI-M-4 Member States
concerning pressure
equipment’
Compliance with Presumption of
Essential Safety conformity
Requirements with PED
(ESRs)
- d ko
S
| CE stamp |
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PRESSURE EUROPEAN DIRECTIVE Pressure
«  Applies to internal pressure > 0.5 bar E uro pea n

. Vessels must be designed, fabricated and tested according to - -
the Essential Safety requirements of Annex I Dl reCtlve

«  Establishes the conformity assessment procedure depending
on vessel category

«  The category depends on the stored energy (which relates to
risks) expressed as Pressure x Volume in bar x L

Ps
ear) 4

100 Catego Conf. assessment Comment

ry module

SEP None The equipment must be designed
and manufactured in accordance
with sound engineering practice.
No CE marking and no
involvement of notified body.

I A CE marking with no notified body
involvement, self-certifying.

Il Al The notified body will perform
unexpected visits and monitor
final assessment.

approve the design, examine and
test the vessel.

T T | T T -
ol 1 10 100 1000 10000 VL)

Conformity assessment gets heavier with risk |

1
1
1
1
: I B1+F The notified bedy is required to
1
1
1
1

For vessels with non-dangeroureous gases v G Even further involvement of the
(cryogenic liquids are treated as gas) \ /-|_ notified body. 8

: I
2 key parameters | Category 2 to 4:

» Service Pressure PS " =g
* Volume V for vessel or I Nof'f'ed body shall
I be involved

Diameter D for pipeline [k
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PED Essential Safety Requirements (ESRs): see Annex A Pressu re
Here some examples E uro pea n

Directive

PRELIMINARY OBSERVATIONS
2 - Design

2.2 - Design for adequate strength

2.11 - Safety accessories
3 - Manufacturing
4 - Materials

the pressure equipment manufacturer shall: ... provide in his technical documentation elements relating to compliance with
the materials specifications of this Directive in one of the following forms:

— by using materials which comply with harmonised standards,

— by a particular material appraisal;

SPECIFIC PRESSURE EQUIPMENT REQUIREMENTS

7 - Specific quantitative requirements for certain pressure equipment
7.1 - Allowable stresses => 7.1.2 permissible general membrane stress
7.2 - Joint coefficient
7.4 - Hydrostatic test pressure

7.5 - Material characteristics => “elongation after rupture is no less than 14 % and its bending rupture
energy measured on an ISO V test-piece is no less than 27 J, at a femperature not greater than 20 ° C"
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| Harmonised standards | C E RN ru Ies

-
/Comprehensive codes: \
| ) Codes for components: PED Harmonised codes and
. EN 13458:2002 Cryogenic vessels - static vacuum insulated | Bell standards
vessels (part 1, 2 and 3) : ellows

|
I
I
:
: . EN 13445-1:2014 Unfired pressure vessel (part 1, 2, 3, 4, 5 and 8) : . EN 14917:2009 Metal bellows expansion joints for pressure
I
|
\

- applications
. EN 13480-1:2014 Metallic industrial piping (part 1,2,3,4,5and | .
8) j Cryogenic vessels
4
S e e e e e e - . EN 12434:2000 Cryogenic vessels - Cryogenic flexible hoses
Material codes: . EN 13371:2001 Cryogenic vessels - Couplings for cryogenic service
. EN 10028:2007 Flat products made of steel for pressure . EN 1626:2008 Cryogenic vessels - Valves for cryogenic service

purposes (part 1, 3 and 7) Fittings

. EN 10216-5:2004 Seamless steel tubes for pressure purposes

~ Technical delivery conditions - part 5: Stainless steel . EN 10253-4:1999 Butt-welding pipe fittings. Wrought austenitic and

austenitic-ferritic (duplex) stainless steels with specific inspection

. EN 10217-7:2005 Welded steel tubes for pressure purposes - requirements

Technical delivery conditions - part 7: Stainless steel Safety devices (Sizing & selection standards)

. EN 10222:1998 Steel forgings for pressure purposes (part 1
and 5)

. EN 10213:2007 Steel castings for pressure purposes

. ISO 4126: Safety devices for protection against excessive pressure
— IS0 4126-1: Safety valves
— IS0 4126-2: Rupture disks
— IS0 4126-10 (two-phase flow)

. EN 10272:2007 - Stainless steel bars for pressure purposes

. EN 13648-3: Safety devices for cryogenic equipment
. EN 764-7: Selection of safety systems

\ not exhaustive lists... ]

!

Presumption of conformity
(= compliance with ESRs)
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CERN specificity (i.e. exotic materials such as Niobium, C E RN Sa fety

Titanium...) => difficulties to comply with laws and standards

! ! Special Mechanical Equipment

From GSI-M2/ GSI-M4 : new definition

Cryogenic equipment liable to have major Safety implications:

- not compliant with the applicable European directives, or

- of a highly complex design, or

- using reduced safety factors, or

- requiring special conditions of use, or

- using unconventional materials or manufacturing technologies, or

- presenting a high-level hazard for people, the environment or other installations in the event of failure.

Y

Pressurized equipment is by default standard equipment and shall follow classic regulations.

At CERN the status “liable to have major Safety implications” SHALL BE GRANTED BY HSE.
Even if "liable o have major Safety implications” , the EU standard are the reference

e

CE stamp not required for equipment “liable to have major Safety implications”
Demonstration of compliance with Essential Safety Requirements of the PED shall be provided

e

compliance with Essential Safety Requirements => use of European harmonised standards
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CERN Safety

Mandate of the Occupational Health & Safety and Environmental Protection Unit (HSE)

MISSION of CERN's HSE Unit:

* supports the Organization in the implementation and enforcement of its Safety Policy;

monitors the implementation and accomplishment of Safety objectives aimed at a continuous improvement of
safe working and operating conditions as well as environmental protection;

grants Safety clearance on behalf of the Director-General for special equipment, installations, experiments
and projects with major Safety implications

SCOPE OF WORK

. tThe HSE Unit assists the Organization in defining and monitoring the implementation of its Safety Policy,

Through

assistance in the definition and achievement of Safety objectives at all levels of the Organization;
advice and relevant expert support on Safety risk assessment, risk reduction and risk control;
proposals for Safety improvements based, inter alia, on lessons learnt and best practices:
training, information and awareness-raising in Safety matters;

assistance in the implementation of CERN's regulatory framework in matters of Safety.

IV. The HSE Unit provides Safety clearance for activities, special equipment, installations, experiments and

projects with major Safety implications prior to design, operation or dismantling activities.

Source: https://hse.cern/content/mandate
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Safety file
Documentation to demonstrate

compliance with ESRs => Safety file

Table 2: Safety file contents for RP-1834 (special equipment)

Pressure equipment
From GSI-M-4
PS<0.5barg P5=0.5barg
TR
o o fmfwl
Risk assessment X x x X X X
The organic unit owning the item of cryogenic equipment shall establish a Safety File and update it. The Safety :
File shall include the following decuments, where they exist: Result of design calculations K x x ® ® ®
§ [ besign drawings and diograrms of o |
T TR i esign drawings and diagrams of components, circuits... X X X X X X
— where it is supplied by the manufacturer, or Description and explanations necessary to understand the 1
— where the item of the cryogenic equipment is manufactured by CERN (in any case); drawings and diagrams X " " X X L |
# the EC or m declarations of conformity or the EU declaration of conformity, including those of Safe _ _
. . v ty & RS General assembly and manufacturing drawings X x X X X x i
accessories (if applicable);
* the instruction manual; HSE validation [verification of safety files| — Before stargof fie
* the test reports; ) B . . I
 the acceptance report; Material centificates for base materials and welding . . . o x | x|

e the declaration of commissioning; consumables

* the periodic inspectien schedule; Welders certificate x x X % 1
* the periodic inspection reports;

* the requalification reports ; w Welding procedures approval certificates X X X X
* the maintenance operation schedule; = . . . 1
* the maintenance operation reports; % Welding specifications i X X X X
= the documents relating to the design and perfermance of any repairs; Mon-destructive testing (NDT) personnel certificate x X X x i
= the dismantling instructions; ‘;
e theidentity of the owning organic unit. = Records of welding inspections X X X X x I
Pressure report test X X X X X
; J
Cperation and emergency procedures ® X X X
J

Maintenance and inspection plan

B
-
=

HSE validation [verification of safety files) - Before start of

The content of the Safety File (= the doc to be
produced) is almost independent from the category
(= the same except category O, but...)
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https://espace.cern.ch/Safety-Rules-Regulations/en/rules/byDomain/Pages/M.aspx
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Safety devices

« He cryogenic lines and vacuum
insulations volumes shall be
protected by safety devices.

Europeans Standards shall be

followed for dimensioning =>

presumption of conformity

CERN (EN-MME-EDM)
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Publication date of the mechanical Safety rules: 9 June 2015

i An equipment installed at CERN
{ shall comply with CERN rules

S51-M-1-1
Slings and lifting chains

—

551-M-1-2 1
Cranes, bridge cranes, gantry cranes and
power-driven hoists J {

S51-M-1-3
Non-fixed load-lifting equipment

CERN Safet
Beam pipes at CERN (1)

§51-M-2-1

=

551-M-1-4 l
U lly p lifting ]

S51-M-1-5

storage and retrieval equipment

MEWP, suspended platforms, mast-climbing platforms
and rail i

551-M-1-6
Lifting tables, vehicle lifts and tail lifts

}

Pressure equipment J
55I-M-2-2
1 Simple pressure vessels
S51-M-2-3
Safety accessories for standard pressure
f $51-M-2-4
——————————— £ I Metallic pressurized piping
§51-M-2-5 I
Vacuum chambers and beam pipes I
J SSI-M-2-6

———————————
Transportable pressure equipment

)

SS1-M-1-7
Forklift trucks Mechanical
Equipment
GSI;M-d GSI-M-5
Cryogenic equipment Lifts
The Safety rules for mechanical equ pment at CERN may be fa nd here:
GSI M-2
Definitions SSI-M-2-5
« CERN Safety Rules and Laws (framework . Definitions

at CERN + relevant EU laws)

—

* Minimum Safety Requirements related to
the life cycle of the equipment

+ CERN Safety Rules and Laws
« Additional Safety Requirements compared

* Basics for the Safety File

to the main GSI

CERN (EN-MME-

EDM)
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CERN Safet
Beam pipes at CERN (2)

PS5
(bar) 1

10000 — @
In theory out of the PED scope

At CERN
* shall be treated as low risk pressure equipment
* the relevant harmonised standards for the
beam vacuum pipe design, manufacturing and
testing are listed in the CERN Rules. The most
important ones are (not exhaustive list):
o EN 13445 - Unfired Pressure Vessels
o EN 14917 - Metal bellows expansion
joints for pressure applications o ! % T I

For vessels with non-dangeroureous gases
(cryogenic liquids are treated as gas)
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Examples

HIE Isolde magnet
(Danfysik) / CE marked

11T cold mass has been designed according to
PED requirements / not yet manufactured
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Superconducting magnets according to PED ? SC ma g nets

* PED excludes high voltage equipment (and superconducting magnets are often rated for
high voltage).

* 5o having them CE marked may not be straightforward => agreement with HSE is
required

* however PED/harmonised standards shall be followed for the design, manufacturing
and testing => compliance with ESRs

« often category 2, 3 or 4 : involvement of a Notified Body is required => agreement with
HSE is required

Danfysik A/S
Gregersensvej 8
2630 Taastrup

Att: Leif O. Baandrup

Certificate of conformity, modul F, according to 97/23/EC Pressure equipment —

PED

Certificate no.: | TI-14-PED-0938 ‘ Revision: ‘ 00 ‘ File no.: 608821

Equipment information

Description: Solenoide Magnet Serial No.: N2713143

) 7103017747, rev. D; _

Drawing No./rev.: 7103017973, rev. C * Year of manufacture: 2014

Nominal size: 2275 Category: 1

Modul B, Bl app.: ~ TI10396: TI-13-PED-0847 Designcode: EN13445
Vessel Chamber 11 Chamber I1I

Min /max. Pressure: (PS), Bar(e) -1/5,5

Min /max. temperature (TS), °C: -300/50

Volume (V), liter: 10,03

Fluid group: 2
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N N NN N NN SN S SN SN SN S SN N SN SN N SN S SN N S S N S S ‘

( . .

| An equipment installed at CERN:  CERN Sa fet

t___SPS'LSSTPlY_:”JI'J_QEE'}’_E El_e_s_ _ Lifting equipment at CERN
Publication date of the mechanical Safety rules: 9 June 2015 I'f'l" ng eqU|Pmen1' ’=

S51-M-1-1

[ Slings and lifting chains } ™ §SI-M-2-1
551-M-1-2 Pressure equipment
Cranes, bridge cranes, gantry cranes and f

power-driven hoists S51-M-2-2
1 S51-M-1-3 1 Simple pressure vessels
Non-fixed load-lifting equipment | et mm mm mm = - - - —— - SS-M-2-3
551-M-1-4 (. o GSEM2 d l GSI-M-2 Skt ez oy =
M lly p lifting I mm = an I Standard pressure equipment — 551-M-2-4
ssi-m-1-5 | S e o J I Metallic pressurized piping
MEWP, platforms, fi
and rai storage and retieval equipment. | $S-M-2:5
551-M-1-6 Vacuum chambers and beam pipes
Lifting tables, vehicle lifts and tail lifts S51-M-2-6
SSLM-1.7 Transportabie pressure equipment
Forklift trucks Mechanical

Equipment

GSI-M-4
Cryogenic equipment

GSI

« Definitions SST

« CERN Safety Rules and Laws (framework . Definitions
at C.ERN + relevant EL,) laws) _ « CERN Safety Rules and Laws

* Minimum Safety Requirements related to « Additional Safety Requirements compared
the life cycle of the equipment to the main 6ST '

* Basics for the Safety File
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GSI-M-1

Lifting equipment and accessories

$51-M-1-1
Slings and lifting chains

99 R R 8

o~
8444 Iy

[

SSI-M-1-2
Cranes, bridge cranes, gantry cranes and

power-driven hoists
™

| $51-M-1-3
| Non-fixed load-lifting accessories

L
i

SSI-M-1-4
Manually powered lifting equipment

'551-M-1-7

SSI-M-1-5

MEWP, suspended platforms, mast-climbing platforms
and rail-dependent storage and retrieval equipment

'551-M-1-6

Lifting tables, vehicle lifts and tail lifts

Forklift trucks

Related European directives:

* Directive 2006/42/EC of the European Parliament and
of the Council of 17 May 2006 on machinery, and
amending Directive 95/16/EC.

* Directive 2009/104/EC of the European Parliament
and of the Council of 16 September 2009 concerning
the minimum safety and health requirements for the
use of work equipment by workers at work.

For the complete reference list of regulatory documents applicable please refer to
GSI-M-1

Non-fixed
load-lifting
accessories

SSI-M-1-3

Standard Lifting equipment: focus on SSI-M-1-3
Non-fixed load-lifting accessories
o CE stamp
o Safety file shall be provided
o Proof test according to French
regulations
HSE:
« allocate a CERN identification number:;
« draw up an acceptance report which shall be
included in the Safety File;

« authorise commissioning.

CERN (EN-MME-EDM)
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Conclusions

CERN norms => European law => European Standards give presumption of conformity / CERN
requires to apply European Standards
Superconducting magnets according to PED?

* having them CE marked may not be straightforward => this is not the point!

 relevant harmonised standards shall be used to demonstrate compliance with ESRs

« agreement with HSE is required, above all about involvement of a Notified Body
Beam pipes

* out of PED scope

* CERN requires to use harmonised standards as per pressure equipment

Lifting tools: CE stamp according to relevant European directives (i.e. Directive 2006/42/CE for
Machinery, ...)
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https.//edms.cern.ch/ui/file/875606/LAST RELEASED/SR-M _EN.pdf)

* GSI-M-2 - Standard pressure equipment (https.//edms.cern.ch/ui/file/8756 10/LAST RELEASED/GSI-M-2_EN.pdf)

» SSI-M-2-5 - Vacuum chambers and beam pipes (https.//edms.cern.ch/ui/file/1453956/LAST RELEASED/SSI-M-2-5 EN.pdf)

* GSI-M-4 - Cryogenic equipment (https.//edms.cern.ch/ui/file/1327191/LAST RELEASED/GSI-M-4_EN.pdf)

» Directive 2014/68/EU: https://ec.europa.eu/qrowth/sectors/pressure-gas/pressure-equipment/directive en

* Guidelines for cryogenic equipment are available in: https://edms.cern.ch/ui/file/1709279/LAST RELEASED/Safety Guideline SG-M-4-0-

1 EN.pdf

The relevant harmonised standards are (not exhaustive list):

* EN 13445 - Unfired Pressure Vessels

* EN 13458 - Cryogenic vessels - Static vacuum insulated vessels

* EN 13480 - Metallic industrial piping

* EN 14917 — Metal bellows expansion joints for pressure applications
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« “Safety Folder" instead of "Safety File" SafEty file
* Foresee it since the beginning of the job
« EDMS and MTF (managing assets of the same item) tools are available

at CERN for documentation storage

Assembly Tree B
4 | HL-LHC High Luminosity LHC Project

g__] Project Governance
HCACF_A001-CR000001 - DQW Cryomodule Assembly

] HCACFDCO001-CR0O00001 - DQW Dressed Cavity
] HCACFHTO01-CR0OD0001 - DQW He Tank
HCACFCAQ004-CR0O00001 - DQW Bare Cavity (variant #1)
HCACFCMO001-S9000001 - DQW Cold Magnetic Shield (Variant #1)
—&y HCACFHC001-CR000002 - DQW HOM Couplers (Variant #1)

(_ Project Management
a 'LJ Work Package Workspace
(| Project Management and Technical Coordination (WP1)
] Accelerator Physics and Performance (WP2)
) IR Magnats (WP3)

g3 HCACFHC002-CR000005 - DQW HOM Couplers (Variant #2) 4 (] Crab Cavities & RF (WP4)
@ HCACFHC002-CR000002 - DQW HOM Couplers (Variant #2) (] Deliverables
& HCACFPUD01-CRO00001 - DQW Pick-up ¢ Milestones
&y HCACFDC001-CRO00002 - DQW Dressed Cavity ¢ Activity Reports
&y HCACFHTO01-CRO00002 - DQW He Tank ] Other
HCACFCAQ04-CR000002 - DQW Bare Cavity (variant #1) 7 Internal doc (temp)

HCACFCMO001-59000002 - DQW Cold Magnetic Shield (Variant #1)
—&p HCACFHCO01-CR000001 - DQW HOM Couplers (Variant #1)
—&p HCACFHC002-CR000003 - DQW HOM Couplers (Variant #2)
—p HCACFHC002-CR000004 - DQW HOM Couplers (Variant #2)
—gp HCACFPUQO1-CRO00002 - DQW Pick-up
—gp HCACFWNM0O1-CRO00001 - DQW Warm Magnetic Shield
—gy HCACFTS001-CR0O00001 - DQW Thermal Shield

i,_] Minutes

(| Presentations

i,_] Administration

(| LHC Crab Cavities Cryomodule
4 1] SPS Crab Cavities Cryomodule

(| Engineering drafts & notes

% HCACFQC001-CR000001 - DQW Gryogenic Gircuits i,_} Fabrication, Assembly and Verification drafts & notes
HCACFVT001-AQ000001 - DQW Vacuum Vessel ) Installation & Commissioning drafts & notes

g HCACFCCO001-CR0O00001 - DQW Cryostat components - Beam Lines (] Hardware Baseline nodes

—&y HCACFCCO002-CR0O00001 - DQW Cryostat components - MLI (] SPS Test Stand

—g&y HCACFCCO003-CR000001 - DQW Cryostat components - Coaxial Lines i smis

—&» HCACFTUO01-CR0O00001 - DQW Tuning System (] Safety WP4

—@» HCACFTUO01-CR000002 - DQW Tuning System ¢ Collimation (WP5)

Example of Crab SPS cryomodule
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Materials

EN 13445-2:2014/A1:2016 (]

Be careful to the choice, even to the choice of the stainless steell

. [ ]
Harmonized Useful material standards for cryostats ~ COO)
standards : .
Plat: d sheet: . EN 10028-1:2007+41:2009 Flat duct: de of steels fi
ates and sheets pressure pu rpﬂse; Ppart 1: Ginz;; :ecqii:;énotss e ter Table B.2-11 — Austenitic stainless steels and their lowest minimum metal temperature Tw
. EN 10028-3:2009 Flat products made of steels for pressure Material
purposes - Part 3: Weldable fine grain steels, normalized Material number Tu (in °C)
. EN 10028-7:2007 Flat products made of steels for pressure
purposes - Part 7: Stainless steels X2CrNi19-11 1.4306
Tubes . EN 10216-5:2004 Seamless steel tubes for pressure purposes - =10
Technical delivery conditions - Part 5: Stainless steel tubes XZCrNi 18-9 1.4307
. EN 10217-7:2005 Welded steel tubes for pressure purposes - XZCrNiN 18-10 14311
Technical delivery conditions - Part 7: Stainless steel tubes X1CrNi 25-21 1.4335
Forged blanks . EN 10222-1:1998 Steel forgings for pressure purposes - Part 1: -
General requirements for open die forgings X2ZCrNiMo 17-12-2 1.4404
. EN 10222-5:1999 Steel forgings for pressure purposes - Part 5: XZCrNiMoN 17-11-2 1.4406
Martensitic, austenitic and austenitic-ferritic stainless steels -
Castings . EN 10213:2007 Steel castings for pressure purposes X2CrNiMoN 17-13-3 1.4429
Pipe fittings . EN 10253-4:2008 Butt-welding pipe fittings - Part 4: Wrought X2CrNiMoN 18-12-4 1.4434 - 273
austenitic and austenitic-ferritic (duplex) stainless steels vith -
specific inspection requirement XZCrNiMo 18-14-3 1.4435
Bars . EN 10272:2007 Stainless steel bars for pressure purposes XZCrNiMo 18-15-4 1.4438
Aluminium . EN 12392:2000 Aluminium and aluminium alloys - Wrought riiio -
products - Special requirements for products intended for the ¥1CrNiMoN 25-22-2 1.4466
production of pressure equipment (choose materials included in —
the list given in EN 13445-8 section 5.6) X&CrNiTi 18-10 1.4541
CAS, Superconductivity for accelerators, Erice 2013 101/ X1NiCrMoCu 31-27-4 1.4563
X6CrNiMoTi 17-12-2 1.4571
During design evaluation, please DON'T use real properties and DON'T use X5CrNi 18-10 14301
X5CrNiMo 17-12-2 1.4401
properties you find in the CERN specifications, but properties you find in
h h d d d X2CrNiMo 17-12-3 1.4432
e armonlze s.ran ards. X¥3CrNiMo 17-13-3 1.4436
X2CrNiMoN 17-13-5 14439
X1MiCrMoCuN 25-20-7 1.4529
H H H H H X1CrNiMoCuN 25-25-5 1.4537
When a material is not considered in the harmonised standards (see ASME
materials) => PMA is required ramerMacy 25-20°5 = 196
a a - q X1CrNiMoCuN 20-18-7 1.4547
X6CrNiNb 18-10 1.4550
X6CrNiMoNb 17-12-2 1.4580
GXSCriNi 9-10 1.4308
. . GXSCrNiMo 19-11-2 1.4408
When you buy a commercial component: be careful to the standard for the _
. “ GX2ZNiCrMo 28-20-2 1.4458
ma.fer"a * GX2CrNi 19-11 14309
GXZ2CrNiMo 19-11-2 1.4409
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Design

Rules for strength assessment are defined in harmonised standards Desigh Methods*

. Design by formula
—  The most standard approach and easiest to cross check
—  Not always straightforward to understand how the formula was derived
—  Often long and tedious calculation procedures
—  Only deals with pressure loads

—  Rarely enough to calculate a magnet cryostat or a cryomodule (weight, interface loads, particular
geometry, etc.)

. Stress analysis (ex: EN 13458-2 Annex A or EN 13445-3 Annex C)

—  Evaluation of stresses using a finite element code

—  Linear elastic analysis

—  Decomposition of stresses in primary, secondary, membrane, bending

—  Comparison with different allowable stresses depending on the load classification
. Design by analysis - Direct route (EN 13445-3 Annex B)

—  Applicable to any component under any action

—  When manufacturing tolerances specified by the code are exceeded

—  Finite element models including material and geometrical non-linearities

* "Design checks" is actually a better term. The verification of the final design
must be done through one of these routes but it may be practical to use other
formulas/methods during the preliminary design phase. Courtesy of L. Alberty and D. Ramos

@)

~N/A
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Goal Te Stl n
EN 13445-5:2002 (F)

Version 1 {2002-05)

4 Réalisation de l'inspection et des contrdles

4.1 Généralités

Chaque récipient doit &tre soumis & des inspections pendant la construction et une fois achevé. Des inspections
doivent étre faites pour s'assurer de la conformité a tous les égards de la conception, des matériaux, de la

fabrication et des contrles avec les exigences de la présente norme. Des preuves documentées doivent étre
établies pour vérifier la mise en ceuvre de cette exigence.

Different tipologies:

 Visual test: always 100% visual test on EU standards! Liquid penetrant test
« X-ray test

* Ultrasound test

* Pressure test

Type and extents dipend on materials and on joint coefficient (= on the design)
Performed
« by qualified testing personnel

« according to specific European Standards

Remarks
* Brazed joints are not exempted!
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