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Introduction

- parameters settled by the other systems
o Material: a long debate
e Conceptual design followed by detailed design : —
Manufacturing -
Controlled by a quality assurance plan
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Introduction

ﬂrﬂ!@bera-teﬁequ’rpment on beam lines.

- Vacuum vessels for the services.
- Static

e Methodology, methods, hints. —

% of the final cost defined at the end of the desi
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ble of contents

e P TONITICNE ————— = -
tﬁﬂ.ﬁb—
- Legislation and codes
e Design
- Basics
e Methods and techniques - —

o Tubes, Windows, Bellows, Special shapes
e« Manufacturing
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Boundary conditions

T vacuum chamber/beam pipe of a particle
——__..accelerator inside an optimized gap of magnets
e Space for supports

e Space and access to the pumping ports and to the pumping
and diagnostics equipment.

- Inside ——
e Beam envelope .
e Conductance in case of lumped pumps
e Cryogenic system:
inner piping

ovements

| ——

sure, forces
e 1 bar
e Over-pressure ?

e Closed end forces
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Boundary conditions

.ﬂ—e-écceptmnal-temperature in case of an incident (like a cool-

down due to cryogen losses)
e Transitories

- Specific cases -
» Heat loads .
 Electrical impedance

ectric.isolation

Activation of ymaterial by the par: ;=
ey SR N dow

Particules escapmg the beam pipe and to be analysed by
surrounding detectors
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Materials

Modutus of rigidity (Young’s modulus) E{(GPa)
Elastic limit 00.2
Rupture limit
Unit Unit
tload tload
/
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1 ©°7 Elongation S & Elongation
Ol 0.2 l % %
Steels except austenitic stainless steels Austenitic stainless sfeels, Alurniniurm alloys
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Materials

=—Vapor pressure depends upon the temperature and the pressure:
Zinc, cadmium or magnesium or standard resins not acceptable
when a bake-out is foreseen.

- Selection in case of many parameters: non-dimensional
parameter

- Example of beam pipes for collider experiments.

T | o | oo | mee | w4 | omo | om

_

Xo radiation length
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Materials

S — e = =
———— e —ﬁ_‘_’_ — N

Mr thermal conductivity: copper, aluminum

- Low elecrical conductivity: ceramics (aluminum oxide)

- Major advancements in metallurgy and surface physics: replace___
plain material by combination of materials —

o Examples: —
- Copper on stainless steel

luminum on CFC
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Materials

s, Manufacturing =
-~ --Machining

- Assembly Workshop

e Tooling

e Quality controls —

— e

e Assembly

In-situ

S ——

- Austenitic stainless steels: 316 LN, 3‘16 L, 304 L
- Aluminum alloys: 5000 and 6000 series
- Copper: OFHC, Glidcop
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Legislation and codes

- Own regulations™
- Common practice : treat a vacuum chamber as a pressure vessel
with some arrangements.

o At CERN : Safety code D2 for pressure vessels and pressurized
pipelines. - —

- The European legislation for pressure vessels (free trade) .

Ctive'97/23/EC of the Euro a@mﬁ%‘
fon of the laws

ates concerning pressure.equipment. “This

directive applies to equipment subject to a maximum A,

allowable pressure exceeding 0.5 bar” which “does not pose a
significant hazard”.
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Legislation and codes

—-manufactummlcal R mspeéfcon
Hqu

- Classical ones:

o CODAP 2005 French code for construction of unfired pressure..
vessels issued by SNCT (Syndicat National de la
Chaudronnerie, de la Tolerie et de la tuyauterie industrielle);

e EN 13445 Unfired pressure vessels issued by CEN (European .
o mlt-‘eee..f.or Standardlzatlon)

r\

sl essels issued by ASME

American Society of Mechanical Engineers).

e EN 13458-2 which treats specifically the “static vacuum
insulated vessels” of the “cryogenic vessels”.
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—ﬁq—-—w g =y
.—_-——-S-t-ﬁesses_m_therelastlc range.

Equivalent stress (according to Von Mises or Tresca criterion)
should not exceed the elastic limit (0o.2)

- Directive 97/23/EC states in particular that “the permissible
membrane stress for predominantly static loads...must not
eﬁceed...Z/ 3 of the yield limit (stainless.steel and aluminum
alloys)”.

i

- e

- nal‘p're-ssure resulting in compr essive memb
IIL‘r*IIII‘ "‘I YO0 NE .; Oral i"‘

Non-linear phenomenon influenced by defects.
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lp

0 Shortening
(a)

P'cr :

0

- Shortening
(b)

° l safety factor must.sbe applied on any computed value:

=Spressure vessels codes like CODAP 3.0
- EN 13458-2: 2.0 for outer jackets.
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v Methods and techniagues S

- Analytical methods

- Structural analysis programs. —
- Finite Element Method (FEM) for detailed design (mechanical,
thermal,...)

o Two main families of elements:
uﬁ__
| ' “thick”

in shell structure

g T

/R<100).
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Design

Solid 3D elements: a slice of machined vacuum chamber
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- Linear-elastic analysis: displacements, strains and stresses

- Buckling factors for the main modes

o —

g T

- For thin shells, the non-linear pre-buckling analysis allows
determmmg the shake-down factor on the linear buckling value;
very thin shells.
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e Circular tubes

“="In practice, stainless steel tube
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—

~—— = Non-circular tubes et e

— e Quasi-rectangular shape approximated by beam
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e ) S-hg)zt ;ph_é%"l;c;al- dome == _
— » Rigid external ring must be quite rigid. If the window is

oriented in such way that it can buckle, the classical buckling
pressure is

. ‘-‘
ﬂt——wmdow - T ———
3_p R

W =-—
16 E(L—v?) t3

- Non-circular windows: Take care of corners
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- items ——_'-—.;-pl,-:'___

Eeﬁmmlques.tpesses due to displacements during comm1ss1omng
and operation

e ease assembly of parts
- Manufacturing techniques
e mechanically formed —
e hydroformed from thin tubes ——
« assembled by welding alternatively a series of individual

nular rings

oint Manufacturers Association, Inc. (EJMA),
e Project norm pr-EN 14917
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TENSION

C. Hauviller/CERN

VAL - IS0
= 2.94E+00

< 1.50E+02

1.1

.14E+02
1.21E+02
L2BE+02
L35E+02
- 42B+02

LAGE+02

AMPLITULE

DEFORMEE

15.
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Shell elements : a bellow

C. Hauviller/CERN 33 18 May 2006



VAL - IS0
= 6.06E+00

< 1.50E+02

2

1.49E+02

AMPLITULDE
DEFORMEE

15.
PARALLAXE D UNE EXTREMITE =
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VAL - IS0
= 3.57E+00

< 1.50E+02

4.7

LASE+02

AMPLITUDE
DEFORMEE

15.
ROTATION D UNE EXTREMITE =

C. Hauviller/CERN 18 May 2006



" ="Axial expansion / compression cycling

- Angular movement
- Offsets (cardan)

- Buckling

C. Hauviller/CERN 36 - 18 May 2006



Design

. e complex shapemm-ehambers

Eﬁ?‘na'p'e-ca'n-b- e designed and analysed with the available tools

- Be careful with the analysis of the results, in particular with the
interpretation of the local stresses: true or generated by FEM
mesh — _ —

- Prefer curved surfaces to flat panels wherever possible
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and assembly

o Materi _'zi_\/a‘i’[abil
e ——————— e

- Raw p?oducts: blanks, sheets
- Semi-finished:
e Extrusion (aluminum, copper) — -
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ALS

Full Width Zr/Al
Pumping Strips

Extruded Aluminum Chombef
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Standard cross-section of the vacuum vessels of the SOLEIL storage ring
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Manufacturing and assembly

~ Materials availability
B e S —

- Raw p+r-oducts: blanks, sheets

- Semi-finished: — .
e Extrusion (aluminum, copper) : _
 Forgings (flanges)
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Manufacturing and assembly

- DéfecE§ internal to the metal: leaks if going through

- Forging, extruding and laminating squeeze and enclose
impurities e

g could open the defects
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Manufacturing and assembly

Material-defect (AISI316LN with inclusiohs)

Fig. 6.1.

Mag.: = 100

Electro-polished sample.

Defect seen at the bottom of the groove at
position pointed by He leak defection.

¥ 455

g .___*"
e ¥

. w"".'ﬁ’!.r it

"}‘ﬂ" - P, Fat

e s il G e I

‘a—-— > el
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= {

Mag= 100X .I-'I_l Sas connechion tuhe. Laaking fange QDD g & Mame = 255sak?? i
EHT = 20.00 kW 100pm Defect seen at bottom of groove Diate 15 Mar 2005

Delactor = SE1 A 3, Arnau TSIMME
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Manufacturing and assembly

zzzzzzzzz

Alummum rlng stlffened tubes (LEP...)
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Manufacturing and assembly

- Ma "orsheet'me'!ﬁmﬂ(«——:“ﬁ —
E*——

_ Defects internal to the metal: leaks if going through

- Forging, extruding and laminating squeeze and enclose
impurities — — e

ig could open the defects

sheets leak-tight but potential problems in HAZ of welds -
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Manufacturing and assembly

——JOHTING teChNiqUes ™
“""Main sources of leaks

- Flanges or permanent seals (welds,...) ? How often ?

« Flanges | -
- Industry standards
-_If specific design:

o Seal: plastify locally to enforce leak tightness
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Manufacturing and assembly

-~ Welds are sources of impurities and defects.
- ———Weldability-of-the material ?

- Design and execute according to the rules of the construction
codes

e Reduction factor: 0.85, 0.7
Avoid localizing a weld in a highly stressed zone.

- Specific rules for high vacuum chambers to avoid contamination
and virtual leaks generated by pockets:

ds on the vacuum side.

i

t recommended.
« Grooves help to minimize heat propagation along the walls."

e Crossing welds lead to a remelting of the bath creating

defects.
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Manufacturing and assembly

PREFERRED JOINT DESIGN
FOR WELDING VACUUM COMPONENTS

QZBD’___J_\"_—/@

> 0.090
IF VACUUM ON THIS

SIDE, PART CANNOT °
BE RECLEANED DUE

V
— > .:J_:&_—_, TO CREVICE WHICH

N MAY TRAP CONTAMI—
0.030-0.090 < 0.030 NANTS

SKIP WELD OUTSIDE FOR
STRENGTH

Py e

Vac

EE
v v Vac
ac ; :
Vclc o [ l

_CORNER

=0 =0=]

IF VACUUM ON THIS

EDGE

SIDE, PART CANNOT '
BE RECLEANED DUE ——— Vac Vac
TO CREVICE WHICH

MAY TRAP CONTAMI-
NANTS
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Manufacturing and assembly

T
==

T

X L

[ —— .
| v — s, . <l

LN S :
_ RADIUS
7
- \7 R
PREFERRED FOR STANDARD CHAMFER FLANGE
TUBING 8 FLANGES TO AVOID CREVICE .~ FOR VERY THIN
WHICH MAY TRAP SECTIONS
. CHEMICAL CLEANING (BELLOWS ETC.)
" SOLUTIONS

Vacuum flanges
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Manufacturing and assembly

| mm
Il.—_-—-—l.’
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Manufacturing and assembly

SOUDURE 1
X4 FLEXIBLE S8S SERIE 2

CAMPOS PHOTO 7

e 1 MM
SC

SOUDURE 2

SOUFFLET

RESIDU DE TRESSE '/\\ .

Mechanical weld
with filler material

.ﬂ"""'
TUBE with Leaktight weld (TIG
~ Welds too C_lﬂ_j‘—‘ welding lip without filler material) BELLOW
T e
N

REQUIRED DESIGN
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Manufacturing and assembly

- e —
—_— e e i

- - Thepreferred andq#%t:-ased-technology TIG (Tungsten nert
- ——Gas) welding.-A-very good inert gas (argon) protection is a

prerequisite.

- Electron beam welding not as flexible due to the need for a
vacuum envelope.

- Plasma welding is recommended for shells -

- Good mechanical preparation of the parts to be welded is the
he success

% of the welds are leak-tight:
visual inspection and X rays recommended or compulsory N
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Manufacturing and assembly

Stainless steel piping i

Alumlnum tube
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Manufacturing and assembly

Sglutlon to join d1$$1m1lar metals or ceramics together

- Design-of the interfaces to be brazed to be done according to
strict rules taking onto account the expansion of the materials.

- High quality cleaning after brazing : one classical problem is the_
appearance of corrosion on stainless steel following a deficient

cleaning of the chloride-based flux.
e Gluing

common 'b'f"actice

ng at RT or lower than brazing
- Degazing
- Prefer epoxies
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Manufacturing and assembly

e o T e

""""" [ ) e = > 1 mpa . C VvV F o =V‘. ---:..-- A LC AL . -'

tem peratu re _ﬁ‘rﬁﬁ"—)———

-=___TV‘0Td'p‘0'l'l'U‘tTn‘g the parts during the fabrication, e.g. machining
with silicon oils difficult to remove.

- Suppress zones where puddles will remain and avoid closed
volumes.

B

« Ease the leak detection
- Painful step of the commissioning. Simple actions will ease the

o the vacuum

leaks by suppressing closed volumes like bolts.

- Time of flight technique for large chambers: provide easy way
for helium to flow through radialy in order to minimize the
perturbation when measuring over long distances.
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Manufacturing and assembly

== —— —_— —ﬁ__ — — —
_.._I:loleis'iEg open closed volumes One leak tight weld the second interrupted.
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Quality assurance

— ﬁonal standa#@nr—___'
————
- All'the steps of the procurement, manufacturing and assembly

detailed beforehand and controlled according to agreed
procedures (construction codes contain specific chapters).

B

- Minimum requirement to choose a manufactureris that he is
certified ISO 9001: 2000.
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Conclusion

e Designing a vacuum chamber is not very complex

* Be systematic if you want to get a good quality at the right
price
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