Z gAAO/

Z A&
“ZR1T A 2AREG

z i Aigl é i UWig ¢ UE

CE/RW ENGINEERING 8- K = M- h
o DRPARTVESE Efv s ve¢M-2Z8



DISCLAIMER

CHECK WITH EXPERTS
THE APPLICABLE RULES AND STANDARDS
IN YOUR FACILITY AND IN YOUR COUNTRY
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OUTLINE

Why safety?
A Risk analysis
A Safety and rules/directives
Standards for pressure and cryogenic
equipment
A Pressure Equipment Directive
A Harmonised standards
A Material selection

A Desing Standards for machinery
A Manufacturing A Machinery directive
A Inspection A Harmonised standards
A Tests A Automation
A Safety devices A Documentation
A Documentation
A Specificities for accelerator equipment Standards for lifting equipment

Standards for big structures
00dzAf RAy3aXxo

Conclusions
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Introduction
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Safety for?

Environment Maintenance
people
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WHY SAFETY AND STANDARDS? Safety

BanagaA., Swamy R., 2015/03/01, Modelling, Stress and Welding Strength Analysis of Pressure
Vessel, International Journal of Analytical, Experimental and Finite Element Analysis (IJAEFEA)

Scottish harbour | Daily Mail Online

Hazards shall be managed
to reduce risks as much as
possible

Heavy industrial robot collision (youtube.com)
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https://www.youtube.com/watch?app=desktop&v=LzZmPRm4rII
https://www.dailymail.co.uk/news/article-2620867/Were-going-need-bigger-crane-Giant-vehicle-topples-Scottish-harbour.html
https://www.dailymail.co.uk/news/article-2620867/Were-going-need-bigger-crane-Giant-vehicle-topples-Scottish-harbour.html

Risk analysis

FromWw9 D ;| [ (ECNol76Y 2008 OFTHEEUROPEARARLIAMENANDOFTHECOUNCIGf 9 July2008setting
out the requirementdor accreditationand market surveillancerelating to the marketingof productsand repealing
RegulationEECIN033993Q

Article 20
Productspresentinga seriousrisk
X

2. Thedecisionwhetheror not a productrepresentsa seriousriskshallbe basedon an appropriaterisk assessment
whichtakesaccountof the nature of the hazardandthe likelihoodof its occurrenceX

FromWt NI BoaipaieiDirective(PEDRO14 68/EUANNexL Q

1.2. In choosingthe most appropriate solutions,the manufacturershall apply the principlesset out below in the
followingorder.

T eliminate or reducehazardsasfar asisreasonablypracticable
T apply appropriate protection measuresagainsthazardswhichcannotbe eliminated

T where appropriate,inform usersof residual hazardsand indicate whether it is necessarnto take appropriate
specialmeasurego reducethe risksat the time of installationand/or use

Luca DassaCAS Mechcanical Engineerindgafety and
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Different methodologies for risk analysis are
availableFMEAis one of them.

Table 1 - Failure mode factor evaluation criteria (edms 1114042)
FMEA Matrix factor

Factor Occurrence Probability

Reference is IEC 60812:201Bailure modes and Ranking
effects analysifFMEA and FMECA) level

4 Freguent Likely to =0.5 Critical
occur;
happened

more than 5

Risk priority number (RPN) = Severity (of the event] fimes over
probability (of the event occurring) detection > therma
(probability that the event would not be detected o
3 Probable Incident may 0.5 High

before the user was aware of it).

happened 5

times over

the last 10
htermal

cycles

2 QOccasional Unlikely to 0.1 Medium
occur;

EDMS 2142606 FAILURE MODES AND EFFECTS ANALYSIS FOR THE ]

once over

LHC CRAB CRYOMODULE the last 10

thermal

Severity

Death from injury or
illness, permanent
disability or chronic
irreversible illness

Injuries or
temporary, reversible
illnesses resulting in
hospitalization of
variable but limited
period of disability.

Injuries or
temporary, reversible
illnesses not resulting
in hospitalization and

requiring only minor

ndo X Ly (KA&a aiddzZRézr GKS aYSFEyé ONAEHE SG o{ Znx5§enr

RPN=2*2*2=8 and is the threshold value of RPN. It means that ; | cbe ey w1 Neglighble
mitigation measures shall be defined and implemented for all S
failure modes leading to RPNs equal or higher than 8. S
Additionally, the failure modes having one of the three factors e

equal to 4 shall also be mitigated.

. .
Luca DassaCAS Mechcanical Engineeringsafety and
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Slight injuries, no
treatment needed

Detection

Low Low chance the
design control will

detect potential
cause/mechanism

and subsequent

failure mode before
it reaches the final
user

Moderate Moderate chance
the design control
will detect potential
cause/mechanism
and subsequent
failure mode before
it reaches the final
user

High High chance the
design control will
detect potential
causef/mechanism
and subsequent
failure mode before

c') H Z H Eea(lhf;@ﬁnal

Almost certain =~ Design control will

almaost certainly

detect a potential

cause/mechanism

and subsequent
failure mode before

it reaches the final

user

Risk analysis

=/



Risk analysis

Crab cryomodule example

Lifecycle step  Sub-Function Associated Patential failure modes Potential failure effects Potential causes Current design Existing conditions Recom- Responsi  Action results
components controls / mended bility and
Local Final Detection Occ  Sev  Det RPN actions target Oc Sev Det APN
methods completi  ©
on date
10.8.1.3 Helium vessel Overpressure  in the | Air in leak, cryo- | Opening  of | Mechanical shock | As10.8.1.1 1 3 1 No further
helium vesseldue to loss | condensation on | the safety | of the wacuum Mmeasures
of insulation wvacuum | the helium | devices of the | cryostat during required
and heat transfer cryostat surface, | helium maintenance
heating of liquid | vessel, He | activities
helium release in the
tunnel,
asphyxiation,
cold burn
10.8.1.3* Helium in leak to outer | Pressure Opening  of | Mechanical fatigue | Calculation note | 1 4 1 4 The  wvacuum | SY-RF 1 |2 1
insulation vacuum due | increase in outer | external of the bellows due | for the sizing of vessel  safety
to full rupture of an | insulation insulation to cyclic loads the vacuum device shall be
inner bellow vacuum vacuum vessel safety sized
volume valve [11] cansidering
safety device, +as10.8.1.1 this failure as
He release in the MCI
the tunel

https://edms.cern.ch/ui/file/2142606/1.0/FMEA_Crab_Cavities_1.0.pdf
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WHY SAFETY AND STANDAF Rules and directives

BanagaA., Swamy R., 2015/03/01, Modelling, Stress and Welding Strength Analysis of Pressure
Vessel, International Journal of Analytical, Experimental and Finite Element Analysis (IJAEFEA)

We're going to need a bigger crane: Giant 630ft vehicle topples over in
Scottish harbour | Daily Mail Online

W/ 2YYdzy AGASE 2F LIS2LI S
some hazardous equipment (often hazard is
linked to stored energy):

they created regulatory contexts, legal
frameworks, rules and directives to respect

TO REGULATE THE MARKET EXCHANGES

Heavy industrial robot collision (youtube.com)
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https://www.youtube.com/watch?app=desktop&v=LzZmPRm4rII
https://www.dailymail.co.uk/news/article-2620867/Were-going-need-bigger-crane-Giant-vehicle-topples-Scottish-harbour.html
https://www.dailymail.co.uk/news/article-2620867/Were-going-need-bigger-crane-Giant-vehicle-topples-Scottish-harbour.html

Governments created the rules Rules and directives
=> Focus on European Community

Laws CE Marking Directives and Regulations Who shall app|y the laws?

Overview of CE Marking Directives and Regulations
== 1 Machinery Directive

2 Low Voltage Directive The CE mark means that thenufacturer

3.EMC Directive “ ege .

4 Medical Devices Regulation takes responsibility for the compliance of a

5.Personal Protective Equipment Regulation : :

6.Construction Products Regulation 305/2011 DdeUCt Wlth a” appllcable El_Jropean health’
» 7Pressure Equipment Directive safety, performance and environmental

8.REACH Regulation ;

9.Restriction of Hazardous Substances Directive (ROHS) requwements

10ATEX Directive it A A

11.Toys Safety Directive (2009/48/EC) CE stands fOIConformlteEuropeenné, the

12 Radio Equipment Directive French for European conformity.

13 Recreational Craft and Personal Watercraft Directive
14 Active Implantable Medical Devices Directive

15 Explosive for Civil Use (CIVEX) Directive

16 Noise Emission Directive

17 Gas Appliances Directive 2009/142/EEC .

18 Lifts Directive 1995/16/EC ASk alanS.

19 Pyrotechnic Directive 2013/29/EU WhO IS the

20 Measuring Instruments Directive

21 Ecodesigmand Enerqgy Efficiency Labelling man UfaCtU rer?

Luca DassaCAS Mechcanical Engineeringsafety and
Standards
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https://cemarking.net/eu-ce-marking-directives/machinery-directive/
https://cemarking.net/eu-ce-marking-directives/low-voltage-directive/
https://cemarking.net/eu-ce-marking-directives/emc-directive/
https://cemarking.net/eu-ce-marking-directives/medical-devices-directive/
https://cemarking.net/eu-ce-marking-directives/personal-protective-equipment-directive/
https://cemarking.net/eu-ce-marking-directives/construction-products-regulation-3052011/
https://cemarking.net/eu-ce-marking-directives/pressure-equipment-directive/
https://cemarking.net/eu-ce-marking-directives/reach-regulation/
https://cemarking.net/eu-ce-marking-directives/rohs-directive/
https://cemarking.net/eu-ce-marking-directives/atex-directive/
https://cemarking.net/eu-ce-marking-directives/toys-directive/
https://cemarking.net/eu-ce-marking-directives/rtte-directive/
https://cemarking.net/eu-ce-marking-directives/recreational-craft-directive/
https://cemarking.net/eu-ce-marking-directives/active-implantable-medical-devices-directive/
https://cemarking.net/eu-ce-marking-directives/explosive-civil-use-civex-directive/
https://cemarking.net/eu-ce-marking-directives/noise-emission-directive/
https://cemarking.net/eu-ce-marking-directives/gas-appliances-directive/
https://cemarking.net/eu-ce-marking-directives/lifts-directive/
https://cemarking.net/eu-ce-marking-directives/pyrotechnic-directive/
https://cemarking.net/eu-ce-marking-directives/measuring-instruments-directive/
https://cemarking.net/eu-ce-marking-directives/ecodesign-energy-labeling-directive/
https://cemarking.net/eu-ce-marking-directives/

Pressure and cryo eq.

Standards for pressure and
cryogenicequipment
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Pressure codes

Examples al
around the word

Mongolia

B

v

YIye

NI N

Focus on the European approach
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Main content of Pressure Equipment Directive (PED)
2014/68/EU

A Applies tointernal pressure > 0.5 bar (gauge)
A Vessels must be designed, fabricated and tested according to the
Essential Safety Requirements (E®RANNex | (see next slide)

European PED

A The vessels are classified in different categories (SEP, 1, 11, 111, 1V),
depending on the stored energy, expressed as Pressure x Volume .| Catego Conf. assessment Comment
- - w0
(bar gauge x ) / Category IV represents the highest risk = e module
'E SEP Hone The equipment must be designed
s . 5 and manufactured in accordance
rm 2 key parameters: '% with sound engineering practice.
e Max. Allowable Pressure: PS j: No CE marking and no
Volume (diameter for a g} involvement of notified body.
1000} ; ; . I A CE marking with no notified body
plpelme)' v E involvement, self-certifying.
o Il Al The notified body will perform
1% b unexpected wvisits and monitor
@ final assessment.
=
ol : El W B1+F The notified body is required to
DeS”’]g your System 1C S approve the design, examine and
Arcta 3, paragragn 3 . ; 5 test the vessel.
5 fall in the lowest O |
7 ONGON @  ps-os . v G Even further involvement of the
possible category: N2 notified body.
, | | | . minimise PS or V or

Example: cryogenic He is classified in Group 2
(not-dangerous gas) / cryogenic liquids are
treated as gas

04/06/2024

both!

A Establishes the conformity assessment procedut
depending on the category. For Cat Il, lll and IV

involvement ofNotified Bodyis mandatory

Luca DassaCAS Mechcanical Engineeringsafety and

Standards



A YhanufactureQ YSEFya lye ylFadz2NFt 2N €S3Ff LISNAR2Y 6K2 Yh=dzZl Ol dzNBa _|LING G S
equipment or an assembly or has such equipment or assembly designed or u r p én E

manufactured, and markets that pressure equipment or assembly under his
name or trademark or uses it for his own purposes;

Annex | of the Pressure Equipment Directive (PED) 2014/68/EU:

X

Themanufacturer is under an obligation to analyse the hazards andinsisler to identify those
which apply to his equipment on account of pressure; he shall then design and construct it taking
account of his analysis.

Some of the Essential Safety Requirements (annex | of Directive 2014/68/EU) concern

Risk analysis

Design for adequate strength / Calculation method

Protection against exceeding the allowable limits of pressure equipment / Safety accessories
Manufacturing procedures/ Permanent joining / Ndastructive tests / Heat treatment /
Traceability

Final assessment : Final inspection / Proof test

Marking and labelling => CE marking

Operating instructions

Materials

To Too I To o T T Do Do

Joint coefficients / Hydrostatic test pressure (1.43 coefficient for test pressure)
X

o

Annex Il

The manufacturer shall establish the technical documentation

The technical documentation shall make it possiblageess the conformity of the pressure equipment
to the relevant requirementX

Specific quantitative requirements for some categories of pressure equipment : Allowable stresses /

The pressure equipment shall be designed for
loadings appropriate to its intended use and other
NEBlFazylote FT2NBasSSIofsS
The allowable stresses for pressure equipment sha
be limited having regard to reasonably foreseeable
failure modes under operating conditions. To this
SYRz al¥Sae FIFIOl2NB &Kl

We do not discuss here the
MARKET implications: we assumg
that accelerator facilities are not

Impacted.

Luca DassaCAS Mechcanical Engineerindgafety and
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Rules / Laws / Directives

Technical standards

Standards

Essential Safety Requirements /
general statements

European Union Directive:
European Directive
2014/68/EU

2y GKS W LILINBEAYI

the laws of the Member
States goncerning pressure
SljdzA LIYSYy G Q

Technical detailed implementation (see next slides)

Harmonized Standards

EN 13448Jnfired pressure vessels

EN 1348WMetallic industrial piping.

EN 13458 Cryogenic vessels. Static vacuum insulated vessels.

EN 100281 Flat products made of steels for pressure purposes. General
requirements

EN 10028 Flat products made of steels for pressure purposes. Stainless
steels

EN 10216 Seamless steel tubes for pressure purposes. Technical
delivery conditions. Stainless steel tubes

BNMB2Y77 WheiBied steel tubes for pressure purposes. Technical delivery
conditions. Stainless steel tubes

EN 10225 Steel forgings for pressure purposes. Martensitic, austenitic
and austenitieferritic stainless steels

EN 1027X5tainless steel bars for pressure purposes

Harmonised Standard€uropean Commission (europa.eu)

Not Harmonized Standards

French CODAP, AD 200@rkblatter, ASME Boiler and

t NBaadzaNB

+SaasSt /2RSS o.

t £

Mandatory / legal obligation

Je. '@

04/06/2024

Not mandatory / not legal
obligation

Presumption of Conformity with
Essential Safety Requirements

Not mandatory / not
legal obligation

Proof of conformity is at the
charge of the manufacturer

Use Harmonised Standards

Luca DassaCAS Mechcanical Engineeringsafety and
Standards



https://single-market-economy.ec.europa.eu/single-market/european-standards/harmonised-standards_en

Example

| CQ, pressure dumper for CNV
= o Pixel detector upgrade

}E
!
\\

c Y,
Scal =1 / (100% Penetration) .
@ / O] 7
EY £
plen | et
‘," (2x) N/ =
40-60 A/ Fevao
(e N
DETAIL (5) a " = =
33.5 - v —
ia o| = -
- E! ) o
2 (O] s _ 2t Lo .
________ s / . " TR Y T
| / (25) MPER
C T I
H ) 2 [ et e STO433004 03
FOR TRAKER CO2 PROJECT o =
M vto £ " [ CMSTKCOX0001 =]

A Standard pressure equipment

A PS =110 bar

Av=4]

A Gas:CO

A Category I

A Complete followup according to EN13445

A Compliant withEuropean Directive
97/23/EC (superseded by 2014/68/EU)

A CE marked
3 0.00 15000 300.00 (rrrn)
https://fedms.cern.ch/nav/P:CERN . —_ —
0000076703:V0/P:CERI000095872:VO/TAB3 ' ‘

@
m 4/06/2024 Luca DassaCAS Mechcanical Engineeringafety and
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https://edms.cern.ch/nav/P:CERN-0000076703:V0/P:CERN-0000095872:V0/TAB3
https://edms.cern.ch/nav/P:CERN-0000076703:V0/P:CERN-0000095872:V0/TAB3

Crab cavity

More examples

ATLAS C3F8/C6F14
exchanger

The first 5.59m long 11T MBH dipole prototype in its cryostat
at CERN ready to be transported to the test bench

LHC cavity

Luca DassaCAS Mechcanical Engineeringsafety and
m 04/06/2024 Standards 2



u
Afnor, Normes en ligne le 31/008/2015 a 16-41 NF EN 13445.1 VI:2014-12
Pour : CERN
IS5N 0335-3931

NF EN 13445-1 V1
French standard 12 December 2014

Classification index: E 86-200-1

ICS: 23.020.30

Desing
A Design
solutions
A Calculations
A Welded joints

Unfired pressure vessels — Part 1: General

_

@rial Sel@

F : Récipients sous pression non soumis a la flamme — Partie 1 : Généralités
D : Unbefeuerte Druckbehalter — Teil 1: Allgemeines

French standard approved
by decision of the Director General of AFNOR.

Replaces the approved standard MF EM 13445-1 V5 of October 2009 and its
amendment V5/A1, of March 2014.

Comprehensive approach

Correspondence The European standard EN 13445-1:2014 (version 1:2014-08) has the status of
French standard.

Documentation

Maintenance

Summary This document defines the various types of unfired pressure vessels to which the six
other parts of NF EM 13445 apply. It gives the terms, definitions, symbols and units
used therein. It describes the rules for the application of standard NF EN 13445, the
general principles on which the rules and preconditions for their application are
based. It provides an index of important terms wsed in the standard EN 13445 with
reference to the part in which they appear.

All parts NF EM 13445-1 to MF EN 13445-6 and EN 13445-8 are intended to support
the essential requirements of the European Directive 97/23/EC 'Pressure
Equipment”.

Descriptors Technical International Thesaurus: pressure vessels, specifications, design,
manufacturing. inspection, quantities, symbals, safety devices.

Modifications With respect to the replaced documents, rewritten as a new edition (see Annex ).

Corrections EN 134483Jnfired pressure vessels
T ———._._._—_._._._a-B EN 1348WMetallic industrial piping.
S — EN 13458 Cryogenic vessels. Static vacuum insulated vessels.

& AFNOR — All rights resenvad Version of 2014-12-P

About 1200 pages

m 4/06/2024 Luca DassaCAS Mechcanical Engineeringafety and
04/06/20 Standards



Materials

UseHarmonized standards Star_lqlard material
certificate

A Plates and Sheets https://edms.cern.ch/nav/P:CERN
A EN 10028l Flat products made of steels for pressure purposes. General requirements 0000076703 VOIP/CERII000I5883VOITABS

A EN 100283 Flat products made of steels for pressure purposes. Weldable fine grain steels,
normalized

A EN 10028 Flat products made of steels for pressure purposes. Stainless steels

A Tubes

A EN 10216 Seamless steel tubes for pressure purposes. Technical delivery conditions.
Stainless steel tubes

A EN 102177 Welded steel tubes for pressure purposes. Technical delivery conditions. Stainless
steel tubes

A Bars
A EN 10272 Stainless steel bars for pressure purposes
X FYR YlIye 20KSNAH
A During design proces§,h b Q¢ dza S Nbut pfopettité Fdufindldin théSharmonized standards.
A When you buy a commercial component: be careful!l ASME materials: it is not impossible to use them but
Y o | S
it is necessary to justify them! Gt NIA O
I LILINJ A &

A According to EN13445, select the right the stainless steel (be careful!).

o

zZfE F NJ al
é

A When a material is not considered in the standard, please discuss with experts. ot

| Avoid ASME materialsl

Luca DassaCAS Mechcanical Engineeringsafety and
m 04/06/2024 Standards

https://fedms.cern.ch/nav/P:CERN
0000076703:VO/P:CERN
0000095881:VO/TAB3

See talks of Stefano Sgobba and Ignacio A. Santillana



https://edms.cern.ch/nav/P:CERN-0000076703:V0/P:CERN-0000095883:V0/TAB3
https://edms.cern.ch/nav/P:CERN-0000076703:V0/P:CERN-0000095881:V0/TAB3

Actions and load cases Design

A Following the EN 13445, here the main steps:
G Select the actions loading the vessel

G Select the proper action combinations: load cases

G/traaAr¥fe Ay WwWaildlyRINR f2FR OFasSQs waSadg t2FR
OLrasSQ I'p RAFTFSNByYy(lH alfFSae FIFO0G2NEH

Example of actions for a superconducting RF cavity

O
QX<

G Pressure inside the vessel (with and without liquid)

G Outer pressure (i.e. due to leak in insulation vacuum space)

G Reactions at the supports (including seismic loads)

G Loads imposed by piping

G Shipping and handling

& X The risk analysis is very useful to
_ _ avoid overlooking important

I%xample of load case for a superconducting RF cavity actions and load cases

G Leak test

G Pressure test

G Transport Main parameter to define:

& Cookdown Maximum Allowable Pressure PS

& Steady state it has legal implication, being it

G Warmup defined in the PED

G X

m 4/06/2024 Luca DassaCAS Mechcanical Engineeringafety and
04/06/20 Standards



Select the Design method* Design

A Design by formula

A The most standard approach and easiest to cross check 10441 Fiat end welded dircty tothe shell

A Often long and tedious calculation procedures: spreadsheets are a%t e

A Only deals with pressure loads - _3_1_[ ]z_i{ D; I_g_g_{z'[’ﬁ“s) e eat0es

PDj+e, 6\ Dj+e) 14 0 3

A Rarely enough to calculate a magnet cryostat or a cryomodule (weight, _ thesd

__ ___interface loads, particular geometry,etc.) _ _____________ R e R
I
A Stress analysis (ex: EN 13458nnex A or EN 1344Annex C) | Dote .
. . L. I C = mu||:0.40825-.ﬂ\]- ‘D_ 5,0.299-(| + Ll?-fﬂ =0375 eq. 1044
A Evaluation of stresses using a finite element code | L
. . . I
A Llnear 6|aSt|C anaIyS|S I 10.4.6 Calculation of the therm C2
.. . . I D, eq. 104-
A Decomposition of stresses in primary, secondary, membrane, bendjng i g 09 e
A Comparison with different allowable stresses depending on the loa — =
‘g . Hp = 12-(1 -v _]- =0.203 eq. 104-17
classification e e
/A Design by analysisDirect route (EN 13448 Annex B) Jf:-”T"‘i“-ﬁ-l-mzm s N
! A Applicable to any component under any action ] e
. e f= —~ =&
| A When manufacturing tolerances specified by the code are exceede 67 -~
: A Finite element models including material and geometrical—ﬁnearities: = 20— gt =099 H?f
OB _
I Based on FEA : Af:—[%ui—:)t—l—.lr]'(l+1J)|:]+(17I)]'Di_bcsj|
b m e e e e e e e e e e e e e e e e e e e
Ug-D.
By = H% I; l,JfJ'ufz,g (2-vey) g{| Hp = —4.681
F a5SaArdy OKSO1a¢ Aa FOUdzZtte | nu§lied SNI 6SNYd KCKS GSNAFAOILGAZ2Y 2F (K
done through one of these routes but it may be practical to use other formulas/methods

during the preliminary design phase.

See talks of Martin&capirand Federico Carra

Luca DassaCAS Mechcanical Engineeringsafety and
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g M o= = Mm y
IS 1
I'| Max allowed pressure : 110 bar 1
A-A || Test pressure : 157 bar : .
:;:;:: 1| Fluid : (_:02 liquid I
(asz) I'| EDMS Project ID.: CERN-000 GO 95 881 |1
i | EN 13445 Testing Group 1 | i
I e S TIITLE e :
DAMPER NAMEPLATE EN 10088-1.4423| CHSTKCOX0002 1
ww‘“m FOR TRACKER C02 PROJECT | ° $T0485249 :
= ROUND BAR @40 M CECZERES :
] 2x (994.1357) AOND 240 5T0490421 1
= [ 0 stiind o e ioes @) ROUND TUBE 2114.3 x 8.56 -540 EN 10216-5-1, 4404 KHOLER : 4" x 80s - 316L SEAMLESS :
TUBE ROND @114.3x8.56 -880| $T0433005 1
L L=~ MALE NUT VCR - 1" s [® 10272-1.4401| SWAGELOK : $8-16-VCR-4 :
petail (8 I’ N ECROU MALE VCR - 1* 870433008 1
Aesla: 1o I GLAND VCR 1" - BUTT WELDED 5 SEUL F20 316L VAR SWAGELOK @ 8LV-16-VCR-3-16TE7| :
B \\\\ EMBOUT VCR 1" - SOUDE BOUT PED §7/23/E; CEATIFIEN ST0433007 1
__E N<] DISHED END P114.3x8.56 80s|  [ASTM 4 403-316L[KHOLER : R-275-316L-4" X 803 :
! FOND BOMBE #114.3x8.56 805 PIA EDMS 1281789 STO450642 I
=1 an = DESCRIFTION POS MAT . | DBSERVATIONS REF . CERN :
?; Detuil (B)
ecgla: 1:1 ; .=; '::
" g - [ [ —— ]
ry
20 FOR TRAGKER 002 PROJEST ——
. . _ _ . . . . — o EEB]EE [mu CMSTKODXC"OM [7[B

Luca DassaCAS Mechcanical Engineeringafety and
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buse

Manufacturing

electrode réfrataire
argon

metal d'apport
e,

—— Permanent joints

metalde base The most commonly used processes in cryostat fabrication are:
A Tungsten Inert Gas (T+341)

A Metal Inert Gas Welding (MIGL31)

A Electronbeam welding (51)

huse

electrode fusible "fil"

gaz de protection Vacuum Brazing is another process used for permanently joining
métal foncl different materials

Full guality assurance of weldavolves:
A Specification of quality levels for imperfections suitable to

Mt giret the application
 BiasCup A Qualification test of welding procedures and welders
Telescope = —— Primary Anode . . .
e A Welding inspection

/" + Deflection Coil

Vacuum Chamber

See talks of J. MrumenackerR. Girard and S. Mathot
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CO2 example

Welding book Manufacturing
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WPS (Welding Procedure
Specifications) WQ (Welder
Quialification)

WPQR (Welding Procedure
Quialification Record)
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Non-destructive tests (NDTS) Inspections and tests

From EN 13445: 2014 Section 4.1

Each individual vessel shall be inspected during construction and upon
completion Inspections shall be made to ensure that in all respects the design,
materials, manufacturing, and testing comply with the requirements of this
standard.Documented evidencshall be prepared to verify implementation of
this requirement.

Different tipologies:

A Visual testalways 100% visual test on EU standards!
A Liquid penetrant test

A Xray test

A Ultrasound test

Type and extents depend on materials and on joint coefficient (= depend on the

design)

Performed

A by qualified testing personnel co2 |

. . . exampile

A according to specific European Harmonized Standards hups:,,edmslce,,'?.ch,nav,P:CERN
0000076703:VO/P:CERN
0000095890:VO/TAB3

Remarks

A Brazed joints shall be testes as well

See talks of Gonzalo A. Izquierdo
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https://edms.cern.ch/nav/P:CERN-0000076703:V0/P:CERN-0000095890:V0/TAB3

Inspections and tests

Pressure test

http://www.youtube.com/watch?v=
AB9QvkvQuvM

For a component falling into the PED domain, the pressure test is
MANDATORY!

The test pressure @derived from Maximum Allowabléxessure according
to EN 13445, usually (but not always) the test pressutedi83*PS

http://www.youtube.com/watch?v=
S ) 2WJIVHtF8GwI
The test procedure is given in the EN 13445.

Is not a pressure test enough to grant the safety of a vessel?

An overpressure test is not enough to ensure safe operation over the
lifetime of the equipment! Cyclic loads are not simulated

CQ vessel
https://edms.cern.ch/nav/P:CERN
0000076703:V0/P:CERI900095872:VO/TAB3
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http://www.youtube.com/watch?v=2WJVHtF8GwI
http://www.youtube.com/watch?v=AB9QvkvQuvM

Safety devices

Annex | of the Pressure Equipment Directive (PED) 2014/68/EU Section 2.10:

Protection against exceeding the allowable limits of pressure equipment

Where, under reasonably foreseeable conditions, the allowable limits could be exceeded,
0KS LINSaadzaNE SljdzA LIYSyd akKlff o,9nleBsiied SR oA GKX &dzi i
equipment is intended to be protected by other protective devices within an assembly.

LINR (1 S C

2 types of devices:
A Closeable valv€laVal 5001 Pressure Relief Valve 3D Animation (youtube.com)
A Burst discRupture Disc Burst (youtube.com)

The set pressure shall be the Maximum Allowable pressure PS.
Relief area is evaluated according to the Maximum Credible Incident (MCI).
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https://www.youtube.com/watch?v=oFXW-rJQJrA
https://www.youtube.com/watch?v=nbuvKDERL4k
https://en.wikipedia.org/wiki/Rupture_disc
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Annex Il of the Pressure Equipment Directive (PED) 2014/68/EU, Section 2

Themanufacturer shall establish the technical documentation
The technical documentation shall make it pOSSIb|e to assess the conformlty of the
LINB&aadz2NE SljdzA LIYSyd G2 GKS NBf SO yi

The technical documentation shall, wherever applicable, contain at least the following
elements:

T a general description of the pressure equipment,

T conceptual design and manufacturing drawings and diagrams of components, sub
assemblies, circuits, etc.,

T descriptions and explanations necessary for an understanding of those drawings and

diagrams and the operation of the pressure equipment,

Tl tA&G 2F 0KS KFENXY2yAaSR aidl yRIFNRAX
T results of design calculations made, examinations carried out, etc.,

T test reports.

DOCUMENTATION IS THE BASIS FOR THE COMPLIANCE
WITH RULES!

t f SI éé 1 SSLJ 7\\[ Y;\\/ﬁ d{ I -'Fél:lé sz QSN\.—E’ 7\yalﬂoﬁedlentﬁdswt%ntritmg G{ ' _'Fél]é C;\f é
Foresee it since the beginning of the job! (] Tooling
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NB Ij* dZA:

: 1293086 (v.2) EC DECLARATION OF CONFORMITY

Technical documentation

NBYSyiaz X

Design

I Technical Description

& Dravings For a small project

(] Calculations
[ 1 Technical specifications
[ ] Change requests
(] Other
4 ] Fabrication
(] Traceability
4 ] Welding

___ 1259656 {2 1) Recapitulatif des soudures pour boutgille A

| LJLJf kﬁ&aRmReo&put@é}ndecﬁﬂﬁfeoielnee 2NJ Ay LI NI © o

= | 1270705 | (v.1) DRAWING FOLDER - Welding Qualification Samples

_ 1276675 (v.1) Welding Procedure Qualification Records (WPQRs) for welds drawing CRNHZMW_1274
[Z] 1278676 (v.1) Welders' qualification test certificates for welds drawing CRMHZMW_1274

_ 1276677 (v.1) Welding procedure specifications (WPSs) for welds drawing CRNHZMW_1274

4 ] Material Cerfificates

_ 1270708 (v.1) MATERIAL CERTIFICATE - KOHLER end-caps + seamless tube
_ 1270711 (v.1) MATERIAL CERTIFICATE - BOHLER Round bar DN40

[£] 1270715 (v.1) MATERIAL CERTIFICATES - Swagelok VCR Fittings

:__' 1272853 (v.1) MATERIAL CERTIFICATE - Nameplate EN 10088-1.4429

1 ion conformities

https://edms.cern.ch/project/ CERR000095872
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If standards are applicable => follow the standard ACCe I e rato r CO m p O n e n tS

If standards are not applicable =>
Some examples:

A Cryogenic equipment with magnet inside (huge mass inside 7
pressure vessel)
L@
»

AR9E2GAO0 YIFIGSNRAIFIfA O0bA20AdzY: hC9 X0
A Bolted vessel with leak tight welded joints (not structural)

A Special flanges (pressurized vacuum flanges)

A X

ExampleanacceleratingcavityX

Essentiabafetyrequirementsarethe reference
Discussionvith SafetyUnit to definethe conformity approach

Inspirationfrom existingstandardsto find an approachto the design,

Do not work alone! manufacturingjnspectionandtestingwhichis grantingthe safety
Rise the concern
immediately!

Luca DassaCAS Mechcanical Engineeringsafety and

04/06/2024 Standards



CRAR:avities

A Discussiomndagreementwith CERNsafetyUnit (HSE)

A Advancedtalculations

A Testcampaigngor materialbehaviourat room T andat cold
A Dummyvessetest for bolt behaviour

A Qualificationof specialjoints

A FullSPSnockup

A Detailedmanufacturingollow-up
A Notified bodyrequiredfor externalcompanies

Dummy
vessel and
bolt tests

gages

Calculations

Measurements vs ANSYS simulations

B Measurement ® Bolts
Welds
Friction

Surplus force [N]
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Accelerator components
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