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A word from our sponsor ISNIE ;)

How this course works ...
NENE



Overall objectives

To increase the awareness of engineers to the
importance of considering the engineering constraints
and best practices related vacuum systems as part of
the design of neutron instruments.

....such that, designers are aware of important issues,
may avoid commonly occurring mistakes, and
communicate effectively with system experts,

....in order to produce neutron instruments which
provide superior scientific capability at lower
installation and operational costs (through improved
maintainability).
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Our approach to learning in this course

Make it real .... And work from there
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In each implementation

we will consider

Installation specific
System Requirements

* Vacuum level Installation specific

* Pumped volume Analysis

* Cycles « Techniques
 Theory

Constraints

e Radiation hardness Solutions

e Serviceability .

Equipment choice
* Packaging
e Sealing
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Game plan

Part 1
Introduction (lain)
30mn

* Context

e Case studies

Part 2 (Marcello &
Lothar) 45mn + 30mn
Approach & Solutions
Vacuum technology
Part 3 Wrap up
(Marcello) 15mn
Take away
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Neutron instruments
an introduction (?)



A typical neutron scattering instrument ... C
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Building blocks of neutron scattering S
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iInstruments

* Neutron Source

* Neutron transport

* Neutron conditioning
 Sample exposure

* Detector

* Shielding

e Control

e Data collection
* Data Treatment

12



There to be used
High performance + high maintainability

Hazardous
environment

days
117 days Shutdown

248 days Machine ON 5844 nours
225 days pe beam on target 5392 hours

Complex Limited
Installed access

systems opportunities

A challenging
environment
to operate
equipment
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A engineering balancing act

Construction cost / Construction Operations
Operating cost costs cost

Scientific Performance /
Availability
Maintenance
* Vacuum systems
represent M

— 5-10% of the
construction cost

— But also 5-10% of ?\emem‘oe( & o
maintenance costs
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Down time

Powercut, 2% _ Computing

e Issues with vacuum are .,
the #2 or #3 most
frequent ‘cause’ of aming /s, . o,
instrument shutdown. Cabiing, 25%

Misc electronics,
2%

* Asignificant part of

downtime .
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Jaws, 1%
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Why vacuum?

Because ... “\a\@
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Reality
Case studies



Typical vacuum system implementations C

- 1 A y
o N .-. . 3 /
@ RN S
\ o WUSTNNG
\ ; 1 \.'\4"- R
B ~ !'«‘ R
N N

_ ey, Sample Exposure
Beam conditioning NI R 3 - SAMPLE ENVIRONMENT

1 - HIGH SPEED CHOPPERS NN

\'-\ = ‘ :'-'0\
RS >
" . ~ PN

Beam transport . O
2 - NEUTRON GUIDE LIRSS

Beam transport
4 - FLIGHT TANK




( : \ EUROPEAN
SPALLATION
SOURCE

Instrument vacuum systems
Case study — Neutron guide systems



Neutron guides oA
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What is it ?

* Function
— Beam transport
— Energy selection

* How do they operate ?

— reflection of neutron beam

e Why vacuum ?

— Neutron transmission



Neutron guides

What is it ?
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Neutron guides S
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Shielding inside
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A range of requirements and challenges for oo
vacuum systems

Component type Neutron guide system
Example ILL / H14
Operating vacuum level lel0-1 mbar
ﬁ Pumped volume 5 m3
a Cycle time 6 months
c Pump down 1 day
2
e
Criteri o Materials Steel housing
rrena = Painted surfaces
Vacuum level Poor Glass neutron guide
Pumped volume Moderate Rubber seals
Cycle time V.Slow
Radiation hardnes: High/Mod Radiation level High
Maintenance period 3 years
Servicability V.Low
Particularity

Housing has a section of 100cm2 and a length of 100m

24
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Vacuum systems case study
- high speed neutron choppers
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Neutron chopper v

What is it ?

* Function
— Pulse shaping
— Energy selection

* How do they operate ?
— Interception of neutron bear

e Why vacuum ?
— Neutron transmission
— Air friction

ILL IN5 CRD 20



Typical vacuum requirements i
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High speed choppers

Instrument vacuum systems

Component type Sample environment
Example
E Operating vacuum level 5e10-6 mbar
2 Pumped volume 0.1 m3
5 Cycle time 1 day
Criteria L Pump down 1 hour
Vacuum level Good _ _
Materials Steel housing
Pumped volume Small Sluminium
Cycle time V.Slow
Radiation hardness High
Servicability Low
Radiation level High

Maintenance period months
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Instrument vacuum systems
Case study — Sample environment



Sample environments Conon
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What is it ?

* Function
— Environmental conditioning

* How do they operate ?
— Various |

22X e

* Why vacuum ?

— Neutron transmission * Cyrostat
— Heat insulation e Furnace

* Access * Cryomagnet
— Good

* Pressure cell

lllll 29



Sample environment Conon
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Installation context

* Where are they located in a
beamline

e What is the installation
context

e What are radiation levels
* How easy it is to access

 Why are they operating under
vacuum?

 What are typical vacuum
requirements for this type of
system

30
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Typical vacuum requirements

SOURCE

Sample environment

Component type High speed neutron chopper
Example ILL / IN5 CRD M-Chopper
=
]
E Operating vacuum level S5el0-4 mbar
o Pumped volume 0,1 m3
z Cycle time 6 months
; Pump down 1 day
o
E
Criteria o Materials Steel housing
Vacuum level Very good Painted surfaces
Glass neutron guide
Pumped volume V.5mall Aluminium rotor
Cycle time Fast
Radiation hardness High
- Radiation level High
Servicability High Maintenance period 5 years

31
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Instrument vacuum systems
Case study — Flight vessel



Flight vessels oA
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What is it ?

Function
— Avoid air scattering

* How do they operate ?|
— Evacuate flight path

e Why vacuum ?
— Neutron transmission

e Access
— Poor

33



Flight vessel oA
Issues
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Full of ‘stuff’
Feed throughs

geometry

34
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Typical vacuum requirements
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Flight vessel

Instrument vacuum systems

Component type Flight vessel
T Example
L]
L
v
f Operating vacuum level 1e10-3 > 10e-6? mbar
-E Pumped volume 30m3 m3
% Cycle time 1 month
Criteria 0 Pump down 1 day
Vacuum level Good
Materials Steel
Pumped volume V.lLarge aluminium
Cycle time Moderate boron carbide
rubber
Radiation hardness Low polyethene
Servicability Moderate
Radiation level High
Maintenance period months
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A range of requirements and challenges for C(S oo

vacuum systems
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Criteria % g E “
Vacuum level Good Poor Good Very good
Pumped volume Small Moderate | V.lLarge V.Small
Cycle time V.Slow V.Slow | Moderate Fast
Radiation hardness High High/Mod Low High
Servicability Low V.Low Moderate High
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Technical challenges
Radiation

Activation & Damage



Neutron Irradiation
Damage & Activation

Guide downstream Aluminium ?
Collimator {streaming) opper
Aluminium housing / Alu rotor

ungsten / no housing | 1000
s chopper (Tungsten hammer) ungsten / steel housing 000

Inside rear bunker wall (with lead) JLead /PolyConcrete/ Steel

Guide upstream of the 1st chopper JAlumini m
Guide downstream Aluminium ?

Collimator (streaming)
Chopper (no steel) Aluminium housing / Alu rotor ) <0.5 <0.5

Heavy shutter ungsten / no housing l Eﬁﬂiﬁﬁi
o chopper (Tungsten hammer} ungsten / steel housing ' mm -

Inside rear bunker wall (with lead) JLead /PolyConcrete/ Steel
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Material

Levers to pull

107 =

|
o

ESS Ref Concrete
Zr (Zircaloyd)
Ti (TigAlV)
w

Cu (CWO008A)
Al (B065-TE)
MNa-Float

Pb (L50006)
AISI1005

=3 uSv/h
=25 usv/h
=25 uSv/h

—

v
v

* Design

10°

1111

e Material choice

v
E]
E]

e ...remote handling

!

10t} —— —

100 L

Contact Dose Rate (uSv/h) f 20x20 cm2

Guide downstream . : . : .
: A 10 15 20 25 30 35 40
Collimator (streaming)
Chopper (no steel) Aluminium housing / Alu rotor
Heavy shutter ungsten / no housing <50 Cool down

<50

T, chopper (Tungsten hammer) ungsten / steel housing

nside rear bunker wall (with lead) JLead /PolyConcrete/ Steel 39
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Hardened components

Cables
Standard cables, PU isolated
(100 kGy, to be tested!)

Cables
Radiation spec cables:
Huber Suhner RADOX 125
(3 MGy)

Connectors
Push-Pull, RH ability:
Lemo B-series (Materials:
SS AISI 303 + PEEK plastics)
(10 MGy, to be confirmed!)

AXON Polyimide TPI
(20MGy)

Sensors
Vibration Sensor:
Vibro-Meter CA901
(10 MGy)

Positioning Motors
Stepper motors:
Phytron VSS (1 MGy)

Brushless DC motors:
Wittenstein MRSR (10 MGy)

Switches

Mechanical limit switch:
Crouzet 83151 (10 MGy)
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material options

Om 6.05m 7m 8m 10m 12m

: : | | |
i ! Standard EPDM O-ring!(max. 250kGy)
HAYAKAWA 355EB ! ! ! ! !
l 100 86 l 71 44 l 10
it it oot et ettt socrn
\ | | | | |
‘ ! Rad Hard EPDM O-ring (max. 20MGy)
| | | | |
o . | 10 1 86 1 71 1 4 . 1
[ECEEEET ERCECEs Sereees oo e B sam
| | : . Aluminum Gasket (3 20MGy) |
| | | | | |
. MGy i 200 1 170 1 140 1 81 1 20
| F------ T------ q------- ------- N-- - 2.8cm
| | | | | |
| | : : : :
I . . . . . =
: Neutron : : : : : n
Moderator beam size
6x6cm

Requirement Specs ESS-0059912 4l






