
A workshop on neutron guide 
engineering 

IKON 14 Feb 2018 

I.Sutton  ESS, NSS Technical coordination 

Or some personal ideas you might consider when 
approaching the engineering of long guide systems at 

ǘƘŜ 9{{ΧΦ 



{ŜŜƛƴƎ ōŜȅƻƴŘ ǘƘŜ ŘŜǘŀƛƭǎ Χ  
to capture the (elephant) big picture. 



ESS instruments 
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CHOPPERS 

NEUTRON OPTICS 

NEUTRON OPTICS 
- COLLIMATION 

DETECTOR 
-ARRAY 

DETECTOR 
-BEAM MONITOR 

FLIGHT TANK 

NEUTRON GUIDE 
@ BEAM LINE SHIELDING 

SAMPLE  
ENVIRONMENT 

BEAM MONITOR 

IN MONOLITH OPTICS  

BEAM SHUTTER 
MONOLITH  

BUNKER  

SHORT HALL   

GUIDE HALL   

LONG HALL   

άǘǿƛŎŜ ŀǎ ƭƻƴƎΣ  
and three times more 
complex,  
as short pulse/constant 
ǎƻǳǊŎŜ ƛƴǎǘǊǳƳŜƴǘǎέ 



[Ŝǘǎ ōŜ ŎƭŜŀǊ ŀōƻǳǘ ǘƘƛǎ ΧΦ 

My  

Assumptions, Presumptions 

& Subjectivity 
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Assumption about you 

Performance IS important to you ! 

ïReal performance (not paper performance) 
ÅDay one performance 

ÅΨwŜŀƭ ƭƛŦŜΩ Řŀȅ мллл ǇŜǊŦƻǊƳŀƴŎŜ 

 

Cost IS a constraint 

ïFull life time costing 
ÅConstruction  

Åinstallation 

ÅOperation  

ÅDecommisioning 

 



Assumptions from me 

Base assumption 

Å Alignment  is correlated to Performance  

Å The settlement will affect alignment  

 

Thus to maintain performance ; 

ÅEngineer systems tolerant to settlement 

ÅFacilitate corrective maintenance (re-alignment) 

 

ÅAlignment will be conducted using laser tracker 



Hence our stated objective becomes  

ά¢ƻ ŜǎǘŀōƭƛǎƘ ŜƴƎƛƴŜŜǊƛƴƎ ǎƻƭǳǘƛƻƴǎΣ ǿƘƛŎƘ Ƴŀƛƴǘŀƛƴ 
guide performance in service though, tolerance to 
settlement and facilitating corrective maintenance, at 
ǘƘŜ ƭƻǿŜǎǘ ǘƻǘŀƭ ƭƛŦŜǘƛƳŜ Ŏƻǎǘǎ ά 

 

Χ ƘŀǾƛƴƎ ŘŜŦƛƴŜŘ ƻǳǊ ƻōƧŜŎǘƛǾŜ ǿŜ Ŏŀƴ ŜȄǇƭƻǊŜ 
ǇƻǘŜƴǘƛŀƭ ǎƻƭǳǘƛƻƴǎ Χ 

7 



Consider the system as a whole 

Cradle to grave costing 
 
Hardware 
ÅOptics 
Å Pressure housing 
Å Support 
Å Shielding 

 
All phases 
Å Installation  
Å Alignment 
ÅMaintenance 
Å Disposal 
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H14  Guide  
ǎƘƛŜƭŘƛƴƎ ΨǊŀƛƭǿŀȅΩ 



Within the specific context of  
Long guide system 

Specific drivers 

Length !!!!! 

 

ïCost scales ~linearly with length ! 
Å Reduce costs per meter 

 

ïMisalignment is cumulative & scales linearly (or worse) 
ÅEngineer in stability 

 

ïBuilding to building movement 
Å2 feed-throughs 



Some (a very little) Context 

¢ƘŜ ǊƻŀŘ ǘƻ ƘŜǊŜ Χ 
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Historical Context 

DŜƴŜǊŀǘƛƻƴ L  Ψмфсл-флΩ   

Evacuated glass & strong-back 

 

DŜƴŜǊŀǘƛƻƴ LL Ψмфул -Ω 

Evacuated housing 

 

DŜƴŜǊŀǘƛƻƴ LL Ψнллл ςΩ 

{ƛƳǇƭŜ Ψǳƴƛǘ ƘƻǳǎƛƴƎΩ & Strong-back 
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State of the art Systems 
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Competing approaches 
 
1.Simple unit & strong back 

 
 

2.Ψ{ǘƛŦŦ ƘƻǳǎƛƴƎΩ 



System level 
 - architecture 

Comparative merits 
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Exhibit C 
Stiff housing  
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Features 
ÅSelf supporting 
ÅAlignment devices 

incorporated in housing 
 
For 
ÅEasily available 
ÅCustomizable 
ÅCheaper supports 
Against  
ÅMovement under vacuum 



Exhibit B 
Simple/unit/strongback 
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Features 
ÅSupport beam 
ÅOptics fixed 
ÅRigid 
 
For 
Å If standardized cheap 
ÅRigid 
ÅAlignment under vacuum 
Against  
ÅLong guide sections 
ÅSupport beam cost  



Exhibit A 
Stiff housing  II 
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Features 
ÅSelf supporting 
ÅGuide is fixed  
 
For 
Å If standardized cheap 
ÅRigid 
ÅAlignment under vacuum 
Against  
ÅLong guide sections  

? 
As yet untried  
but why not ? 



Evaluation 

Stiff housing Evo 

Unit strong-back 

Stiff housing 

Unit Strong  or Stiff housing Evo  most favourable  



Sub System level  
Drill down to the engineering details 
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Optics 

Recommendation  

Use the longest feasible guide 
section. 

Why ? 

Because alignment require skill, 
equipment & controlled 
conditions ς i.e. suppliers lab!  

 

 

 

  

 

Benefits 

ÅLower cumulative alignment error  

Åunit ς unit  & section - section 

ÅCheaper housing 

ÅCheaper installation  

  

 



Housings  

Materials 

Unit housings  

ÅAluminium alloy  (Passivated)  

Stiff housings 

ÅLow alloy steel (Epoxy painted inside & out) 

Length  2 or 4m 

 

Cost drivers 

ÅMachining (flanges, windows, alignment 
bosses) 

ÅWelding 

ÅSurface finishes (painting) 



Vacuum 

Recommended operating vacuum 
1x10e-1 mbar (5x10e-2) 
 
ÅDN 50 (TBC) port every 2nd 

housing 
ÅVacuum sensor on housing 

probably OK 
 

Balance  cost / performance 
ÅEngineering achievable and 

cheap, maintainable 
 

Leak rates  
Å10e-7 mbar/ltr/sec (?) 



Sealing  
housing to housing   

My recommendation 

ÅUse rubber bellows where you can 

ÅMetal where you must (welded spire) 

 

ÅUse EPDM (EP8571)  commercial or nuclear 
grades 

 

Advantages of rubber 

Å If you standardize on flanges they are cheap ! 

ÅThey are flexible ς reducing alignment error 

ÅΨL[[Ω ŘŜǎƛƎƴ ƻǊ Cwa-2 (FRM2 is more robust) 



Sealing 
housing to housing   

Required to accept 

ÅInstallation tolerances  
ïwŀƴƎŜ Υ ƳƳΩǎ ϧ ŘŜƎǊŜŜǎ 

ÅMovement 
ïRotation   

ïVertical movement 

ïHorizontal  

ïTwist 

ïwŀƴƎŜ ΥƳƳΩǎ & degrees 

 

Options  

ÅMetal bellow & Rubber sleeves 
 



Alignment features 

Å 3 points on each housing 
ï Front fixed 
ïRear floating 

Å Not hyper static 
Å High rigidity required (vac loads) 
Å Bolt down 

 
 

Real life considerations  
Å Be ready for partial installations  

& align alignments  
Å Think Installation flexiblity  
Å Be ready to vacuum test in 

sections (brace, brace, Brace!) 



Alignment features 
some ideas 


