	[image: ]
	Error! Unknown document property name.

	
	Project Name
	<<Project Name>>

	
	Document Number
	Error! Unknown document property name.

	
	Date
	Error! Unknown document property name.

	
	Revision
	Error! Unknown document property name. Error! Unknown document property name.

	
	State
	Error! Unknown document property name.



	Description

	Document No
	<<1.0>>

	Date
	<<31 July 2015>>



	[bookmark: _Toc180035209][bookmark: _Toc180035484][bookmark: _Toc102818570][bookmark: _Toc102964982][bookmark: _Toc103574519][bookmark: _Toc175367623][bookmark: _Toc175368278][bookmark: _Toc175368539][bookmark: _Toc175368730][bookmark: _Toc175369388][bookmark: _Toc175801974]

	

	

	

	

	

	

	Conceptual design report of the Neutron Beam Optics Assembly

	

	










	
	Name
	Affiliation

	Authors
	Erik Nilsson
	Neutron Chopper Group

	Reviewers
	Iain Sutton
	

	Approver
	
	



	Version
	Reason for revision
	Date

	1.3
	For review
	2017-06-12


Document Revision History



1	Document Objective	4
2	Introduction	4
2.1	Design philosophy	4
2.2	External validation	4
3	Requirements	5
3.1	System requirements	5
3.2	Instrument requirements	5
3.3	Derived requirements	5
4	Context	6
5	NBOA concept description	7
5.1	Architecture	8
5.1.1	Chicanes	9
5.2	Materials	11
5.2.1	Waste handling	11
5.3	Positioning	12
5.3.1	Side alignment	12
5.3.2	Bottom alignment	13
5.3.3	Springs	14
5.3.4	Retention	15
5.3.5	Access ports	15
5.4	Cooling	15
5.4.1	Heat load – NBPI	15
5.4.2	Heat load - NBOA	17
5.4.3	Atmosphere	18
5.5	Sealing	19
5.5.1	Front window to NBPI body (1)	20
5.5.2	Back window to NBPI body (2)	20
5.5.3	Lid to NBPI body (3)	20
5.5.4	Access ports to NBPI body (4)	21
5.6	Window design	21
5.7	Installation blocks	22
5.8	Coatings	22
6	NBOA Variant description	23
6.1	Examples	23
6.1.1	Tall	23
6.1.2	Wide	25
6.1.3	Small	25
6.1.4	Special case	27
7	List of abbreviations	28
Appendix A Thermal expansion	29
Appendix B Load on alignment screws	30
Appendix C Surface stress on alignment ball	31
Appendix D Spring data	32
Appendix E Clamping force of bolt pattern	34



[bookmark: _Toc485016405]Document Objective
The objective of the NBOA conceptual design report is to outline define the proposed design solution of the NBOA system and outline the reasoning behind the options selected. 
[bookmark: _Toc485016406]Introduction
The Neutron Beam Optics Assembly (NBOA) is sub-assembly of the Neutron beam extraction system (NBEX). It is installed as part on the NBEX within the confinement of the facilities target monolith. It is responsible for the efficient transport of neutrons emitted from the (top) moderator to the outside boundary of the target shielding monolith. The NBOA comprises of several components, including neutron optic and associated alignment fixtures.
[bookmark: _Toc485016407][bookmark: _Toc304798936]Design philosophy
The NBOA system is critical to long term performance of the facilities neutron instrument suite and contributes to the safety of the facility. Due to installation within the monolith containment and the radioactive environment accessibility to the device is highly constrained a long service life and very high reliability are paramount requirements.
As a result of these requirements the design philosophy has been to balance the needs for high neutronics performance with those of ensuring long term reliability and life cycle cost effectiveness. In order to reduce technical and project risk simple, robust and validated solutions have been used where ever possible.
[bookmark: _Toc485016408]External validation
Throughout the design process designs has been reviewed by internal stakeholders, technical experts and periodically by external expert panel selected for experience in optical elements in similar environments.
Recommendations and suggestions from the panel have been implemented into the design of the NBOA system.
A report from the review is available on https://confluence.esss.lu.se/display/BO/Panel+recommendations.
The proposed designs presented in this report has been reviewed by all the leading suppliers of neutron optics. 


[bookmark: _Toc485016409][bookmark: _Toc307828327]Requirements
The design requirements on the system have been derived from system requirements and the expressed requirements of the facilities suite of neutron instruments.
[bookmark: _Toc485016410]System requirements
NBEX interface control document (ESS-0049906)
[bookmark: _Toc485016411]Instrument requirements
High level general requirements
· The NBOA design shall be compatible with both straight and curved guide trajectories evolving in both vertical and horizontal planes.
· The NBOA design shall be compatible with Constant/Convergent/Divergent/Elliptical guide sections evolving in both vertical and horizontal planes.
· The NBOA design shall be compatible with Multi-channel benders, Bi-spectral extraction and collimators.
· The NBOA design shall be compatible with the employ of high performance reflective coatings as well as non-reflective coatings.
· The NBOA shall remain secured in place during installation and decommissioning operations.
· The NBOA shall ensure safe continued operation in case of any H2 and H3 accidental events.
· The NBOA shall be designed to have a service life of 20 years of full power operation
· The neutron transportation performance of the NBOA shall not degrade more than 10% in the first 5 years of operation.
· The neutron transportation performance of the NBOA shall not degrade more than 25% over the service life of the NBOA.
[bookmark: _Toc485016412]Derived requirements
The NBOA shall provide means of alignment with respect to the NBPI.
The alignment shall have a precision of at least 50µm on individual sections of NBOA.
Each section of the NBOA the system shall have an alignment range of ±1mm.
The installed positon of the NOBA shall not change due to failures of the alignment system with more than 10µm over the lifetime of the system.
The system shall be designed to keep the bulk temperature of the NBOA below 60°C with peak temperatures in local spots and temperatures below 100°C.


[bookmark: _Toc485016413]Context
The NBOA is a sub-system of the NBEX, which itself is a sub-assembly of the target monolith shielding. The target monolith shielding is equipped with a number of cavities dedicated to neutron beam extraction referred to as beam ports, into which NBEX is installed. 
As constructed most cavities will not be equipped for beam extraction and solid plugs will be installed. Initially around 16 beam ports are expected to be equipped with NBEX capable of beam extraction.
Active NBEX are composed of two principal components
 A steel shielding plug called an NBPI, and a neutron optics assembly 
[image: ../../../../../Desktop/Screen%20Shot%202017-06-08%20at%2014.37.03]
Figure 1 - Overview of project responsibility of NBEX 
The target division is responsible for the design and supply of the NBEX system. The NSS project is responsible for the NBOA
[image: ../../../../../Desktop/Screen%20Shot%202017-06-08%20at%2014.37.11]
Figure 2 - NBPI and NBOA integration
. Between the NBOA and the NBEX there are several complex interfaces. Due to these complex interfaces, systems that are technically not part of the NBOA scope of supply is also included.
[bookmark: _Toc485016414]NBOA concept description
The NBOA is comprised of five main parts as shown in Figure 3 and Table 1.
[image: ../../../../../Desktop/NBOA%20with%20features.png]
[bookmark: _Ref484772486][bookmark: _Ref484772438]Figure 3 - NBOA overview
The main components are the copper substrate and jacket hosting the supermirror coating. These components are responsible for the neutron transportation.
[bookmark: _Ref484772451]Table 1 - Materials table
	Part
	Description

	1
	Optics Substrate

	2
	Shielding Jacket

	3
	Coating

	4
	Blades

	5
	Fixation systems



[bookmark: _Toc485016415]Architecture
Each NBOA is constructed in three sections. The front two sections are nominally 1000mm in length and the third section is 1500mm totalling around 3500mm.
[image: ]
Figure 4 - NBOA architecture overview
A sectioned concept was chosen to allow
· manufacturers to simplify manufacture and assembly.
· easy handling and integration of the system into the NBPI.
· more precise and easy alignment of the system.
· better control and management of thermal expansions and cooling needs.
In practice the exact length of the NBOAs is significantly less than this figure due to dependent on which beam port it will be installed upon as the distance between the front end of the NBPI and the possible start point of the guide and the moderator is not constant. In addition, the overall length is further reduced by small space reservations for engineering requirements. 
Section of optics will be installed with small gaps (<1mm) between each to permit independent alignment and to compensate for any thermal expansion in the system.
Calculations for thermal expansion can be found in Appendix A Thermal expansion.

Each section is supported and aligned individually and the system is sealed by two neutron windows as shown in Figure 5. Details of the subsystem is described in more detail in later sections of this document.
[image: ../../../../../Desktop/Screen%20Shot%202017-06-08%20at%2014.39.48]
[bookmark: _Ref484770437]Figure 5 - NBOA generic schematic
[bookmark: _Toc485016416]Chicanes
Between the outer surfaces of NBOA and the inner surfaces of the pocket within the NBPI a 2mm (nominal) gap will be established permitting installation and alignment within the stipulated range.
This gap is reduced to a practical minimum to reduce radiation streaming between the optics and the shielding plug. To reduce streaming further two chicanes are created by jackets around the neutron optics and cut out in the pocket. The chicanes ensure a step greater than 13mm in all conditions which with respect to the 2mm gap has been calculated as sufficient to block streaming particles. The placement of the chicanes is tailored to the guide geometry instrument. The specified rule states that each section is at least 500mm and separated by at least 1000mm. These rules dictate three main architectural solutions for the placement of the chicanes (A, B and C as shown below).
[image: ]
Figure 6 - NBOA chicane architecture A
[image: ]
Figure 7 - NBOA chicane architecture B
[image: ]
Figure 8 - NBOA chicane architecture C
The preliminary design shows most instruments being able to use the B solution shown above.
The additional material comprising the chicane is delivered as jackets mounted directly onto the NBOA. The suppliers will machine and fit the jackets tightly to the substrate not to create further streaming paths.
[bookmark: _Toc485016417]Materials
All NBOA systems will use materials that have been selected in conjunction with the NBEX team and ‘pre-authorised’ for installation within the target monolith and compatible with the facilities provisions for waste handling. Material selection has been part of the licencing process.
Table 2 - Materials table
	Part
	Description
	Amount
	Height (mm)
	Length (mm)
	Width (mm)
	Material

	1
	Substrate
	28
	95
	500
	12
	Copper

	2
	Jacket
	8
	155
	500
	18
	Copper

	3
	Coating
	28
	95
	500
	0.02
	Nickel/Titanium

	4
	Blades
	21
	75
	500
	0.5
	Silicon

	5
	Fixation
	240
	25
	6
	1
	Steel/Stainless steel 316L



[bookmark: _Toc485016418] Waste handling
With respect to waste the NBOA is considered as a sub-assembly of the NBEX system and has been incorporated within the NBEX waste handling documentation. It is specified in ESS-0098694.
Both NBOA and NBEX are design as single use, zero maintenance systems. At end of service life the NBEX will be removed and treated for disposal.
During preparation, the NBEX and contained NBOA components will be sectioned 
[image: C:\Users\iainsutton\Downloads\image2017-3-30_14-24-28.png]
Additional requirements are placed on the NBOA system and in particular the fixation systems to ensure the integrity of components during transport and during processing.


[bookmark: _Toc485016419]Positioning
Each NBOA sections will be supported and positioned independently. 
The positioning strategy and system adopted is inspired by the best systems in use for neutron guide alignment at existing facilities. The number and location of features ensures that components are supported securely and without hyper stability. 
Positioning is achieved using fine pitch solid screws with opposing strip springs ensuring consistent contact.
On the sides of the NBOA three alignment features control the horizontal position and tilt of the system.
On the bottom the NBOA two alignment features control the vertical position of the system.
[image: ../../../../../Desktop/Screen%20Shot%202017-06-08%20at%2014.41.49]
Figure 9 - Basic principle of NBOA alignment
The side alignment features (described below) also functions as retaining pins. 
[bookmark: _Toc485016420]Side alignment
The preliminary design deploys two features on the upstream side and one on the downstream side of each section. The alignment features align against a surface inside pocket in the NBOA. The pocket is 4mm deep with a radius 2mm larger than the alignment feature. The alignment feature functions as the retaining device for the system.
[image: ]
Figure 10 - Side alignment feature
The conceptual alignment feature consists of 
· a steel bushing
· a fine pitch (0,5) M12 bolt with spherical ball contact.
· a lock screw. 
A drawing of the conceptual design is available in ESS-0115172. Detailed design of the alignment feature is the responsibility of the NBOA suppliers.
The bushing is attached to the NBEX using two M6 bolts and a with a centre-to-centre dimension of 28,5mm. The bushing sits against a flat pocket in the NBPI with a 12mm nominal distance to the surface of the NBOA (16mm to the alignment surface of the retaining pocket). The bushing is centred using an 18mm diameter hole. A lock screw is inserted at 45 degrees to lock the system once alignment is complete.
Dimensioning factor of the system was the stresses on the first thread. Calculation of the stresses in the alignment screw thread is available in Appendix B Load on alignment screws. 
[bookmark: _Toc485016421]Bottom alignment
The bottom alignment deploys one feature on the upstream side and one feature on the downstream side of each section. The upstream feature is sliding in a groove (Y-direction) in the NBOA to control the direction of the thermal expansion. The downstream side is sliding on a plane on the NBOA to allow for thermal expansion.
[image: ]
Figure 11 - Bottom alignment feature conceptual design
The conceptual alignment feature consists of 
· a steel housing
· a fine pitch (1.0) M10 bolt
· a brass alignment wedge
· A steel ball (ball bearing ball)
· A brass cap
· A retention ring
The feature relies on using a screw to push/drag a sliding wedge back and forth, pushing the alignment plane up and down. The cap reduces the contact pressure against the NBOA and allows the system to adopt to non-flat NBOA surfaces. Calculation of the surface stresses between the alignment ball, wedge and cap is s available in 

Appendix C Surface stress on alignment ball. 
A drawing of the conceptual design is available in ESS-0114814. Detailed design of the alignment feature is the responsibility of the NBOA suppliers.
The bottom alignment feature is accessible through a pocket in the NBPI side. The pocket is 60mm wide and the bottom surface of the pocket is 31.5mm from the nominal bottom side of the NBOA. The vertical alignment feature is attached to the NBOA using four M6 screws. They are placed 46mm (Y-direction) *32mm (X-direction) apart, symmetrically placed around the nominal alignment plane and beam centre.
[bookmark: _Toc485016422]Springs
The purpose of the spring is to keep the sections of the NBOA pressed against the alignment features. Wave springs where chosen due to their low profile. The dimension of the spring for each NBPI will be dependent on the size and weight of each NBOA. Preliminary studies conclude that the LS62375-series of springs from Smalley provide sufficient force to retain the sections. A spring with of LS62375-2 type provides 600N of force. Deploying two of these springs should be sufficient to counter the force of the alignment screws. The length of the spring is determined by the size of the cavity and NBOA.
[image: C:\Users\iainsutton\Downloads\Estia_NBPI_body_detail2.png]
Figure 12 - Detail of spring assembly
The dimension of the spring cavity can be standardised if a single spring series is chosen. Spring data is available in Appendix D Spring data.
[bookmark: _Toc485016423]Retention
Hazard analysis shows risks of the NBOA penetrating the windows and disrupting the monolith integrity. The NBOA shall be retained in its position during an H3 event. 
During the decommissioning phase the NBPI will be tilted vertically to be transported to the active cell area. All parts of the NBOA shall be held in the confinement of the NBPI during these actions.
The H3 events and decommissioning activities can be assumed to be equivalent to the NBOA being retained in case of 2G acceleration in all planes.
The neutron windows will retain any smaller debris that can potentially occur in the NBEX system. 
[bookmark: _Toc485016424]Access ports
To be able to check the alignment of the system after transportation small DN50 flanges is present on the NBPI at the front and back of each NBOA section. 
[bookmark: _Toc485016425]Cooling
Information in these sections are derived from the two reports “Neutron guide cooling report” by Anders Olsson and “NBOA thermal interim note” by Anders Olsson.
[bookmark: _Toc485016426]Heat load – NBPI
The main component in the heating of the system comes for gamma heating. The heat effect on the NBPI varies between 150W to 350W depending on which beam port it is situated on. This is shown in Figure 13. The worst-case beam port is assumed for all further simulations.
[image: ]
[bookmark: _Ref484766542]Figure 13 - Heat load distribution (Alan Takibayev 4-2017)
In the initial studies the NBEX operated within the same atmosphere as the rest of the monolith system, i.e. vacuum, with minimal conduction paths and point contact conditions. All heat dissipation was assumed to irradiation to neighbouring blocks, either cooled or uncooled. This case displayed peak temperatures up to 125°C in the NBPI and not a suitable environment for the NBOA.
To maintain a stable and acceptable operating temperature the NBPI is water cooled to 35-40°C.

[image: C:\Users\andersolsson\AppData\Roaming\Ansys\v162\preview.png]
Figure 14 - NBPI temperature with no cooling (Anders Olsson 5-2017)
[bookmark: _Toc485016427]Heat load - NBOA
The main component in the heating of the system comes for gamma heating. The heat effect on the NBOA varies between 50W to 100W depending on which beam port it is situated on. The heat deposition is dependent on the guide geometry as shown in Figure 15.
[image: Copper-Lin]
[bookmark: _Ref484767601]Figure 15 - Heat deposition depending on guide geometry (Alan Takibayev 4-2017)
The initial studies were performed with the following assumptions
· Straight guide
· In vacuum
· Conduction vie point contact
· Dissipation by irradiation
The initial result showed peak temperatures around 100°C, well above the required 60°C.

[image: C:\Users\rbNzLadCwKBw\AppData\Roaming\Ansys\v172\preview.png]
Figure 16 - Initial result of NBOA heat load (Anders Olsson 5-2017)
There was an obvious need improve the heat conduction of within the NBOA to reduce the “hot spots”. The heat dissipation from the NBOA to the water cooled NBPI needed to be improved to accomplish this.
Two main strategies were evaluated,
· Implementation of cooling pads between the NBOA and NBPI
· Implementation of separate helium atmosphere within the NBOA.
Following recommendations from an external expert panel decision was taken to implement a separate helium atmosphere and windows.
[image: ../../../../../Desktop/reed_.png]
Figure 17 - Sealed helium atmosphere of the NBOA
A new study of the worst case resulted in peak temperatures of around 55°C as shown in Figure 18. 
[image: ]
[bookmark: _Ref484768413]Figure 18 - NBOA helium atmosphere simulation (Anders Olsson 5-2017)
[bookmark: _Toc485016428]Atmosphere
The nominal design pressure has been decided to 500mbar. The atmosphere is of pure helium with an operating temperature of 40˚C (±5˚C).
The system shall be designed for a maximum leak rate of 10-7 mbar-l/sec.
The volume is expected to have no flow and only “topped up” when required, typically annually. The lower acceptable operating pressure limit is decided to be 200mbar.
The volume of the atmosphere is dependent on the size of the pocket in the NBPI and the NBOA design. It is estimated that the volume ranges between 10 and 60litres.
[image: ]
Figure 19 - NBOA helium loop schematic
[bookmark: _Ref484771323][bookmark: _Toc485016429]Sealing
The Interface between the NBOA and the NBPI hosts four sealed surfaces shown in Figure 20.
[image: ../../../../../Desktop/reed_.png]
[bookmark: _Ref484760184]Figure 20 - NBPI Gaskets
[bookmark: _Toc485016430]Front window to NBPI body (1)
Total sealing length is between 300 and 500mm depending on the size of the window. One to three standard sized windows are foreseen at this point.
The window frame is made of 6061 aluminium and the NBPI body of 316L stainless steel.
A crushable knife edge solution machined into the window frame is proposed at this stage.
If the knife edge seal is not suitable, back-up solutions include energized metallic seals and crushable aluminium wires. It is questionable if sufficient clamping force can be achieved on the seal to sue energized metallic seals.
All proposed solutions fit within the designed envelope. 20mm of space is reserved for the frame, hosting fasteners and seal.
The window frame is attached to the body using M6 bolts with an internal spacing of three times the diameter (18mm).
[bookmark: _Toc485016431]Back window to NBPI body (2)
Total sealing length is between 500 and 800mm depending on the size of the window. One to three standard sized windows are foreseen at this point.
The window frame is made of 6061 aluminium and the NBPI body of 316L stainless steel.
A crushable knife edge solution machined into the window frame is proposed at this stage.
If the knife edge seal is not suitable, back-up solutions include energized metallic seals and crushable aluminium wires. It is questionable if sufficient clamping force can be achieved on the seal to sue energized metallic seals.
All proposed solutions fit within the designed envelope. 20mm of space is reserved for the frame, hosting fasteners and seal.
The window frame is attached to the body using M6 bolts with an internal spacing of three times the diameter (18mm).
[bookmark: _Toc485016432]Lid to NBPI body (3)
Total sealing length is around 7800mm depending on the detail design of the lid and seal. All NBEX will use the same lid to NBPI body seal.
Both the lid and NBPI body is made of 316L stainless steel.
A energized metallic seals solution mounted in the lid is proposed at this stage. Ensuring sufficient clamping force is important for the correct deployment of this solution. Detail design together with a selected supplier will specify correct bolt size and spacing.
Back-up solutions include crushable aluminium wire and a crushable knife edge solution.
All proposed solutions fit within the designed envelope (6mm groove is assumed). 23mm of space is reserved around the top of the NBPI, hosting fasteners and seal.
Along the NBPI the lid is attached using M8 bolts with an internal spacing of five times the diameter (40mm). Along the short ends of the NBPI the lid is attached using M6 bolts with an internal spacing of three times the diameter (18mm). The pattern is staggered with the bolt pattern of the windows to reduce space consumption. 
[bookmark: _Toc485016433]Access ports to NBPI body (4)
Total sealing length is depending on the detail design of the access ports and seal. A standardised number of access ports is assumed.
Both the cover plate of the access port and NBPI body is made of 316L stainless steel.
A energized metallic seals solution mounted in the cover plate is proposed at this stage. Ensuring sufficient clamping force is important for the correct deployment of this solution. Detail design together with a selected supplier will specify correct bolt size and spacing.
Back-up solutions include crushable aluminium wire and a crushable knife edge solution.
Detailed design of access ports needs to be designed during the detailed design phase of the NBPI.
[bookmark: _Toc485016434]Window design
The interface to the neutron window is specified to allow for variable thickness of the neutron window. The space allocation is defined from the outside of the window (3mm) to allow for either a thicker window with smaller deflection or a thinner window with larger deflection. Exact thickness of the aluminium window will be defined based on lifetime calculations and safety cases during the detail design of the NBPI. The same space reservation is used independent of window position (front or back).
[bookmark: _GoBack][image: ../../../../../Desktop/Picture1.png]
Figure 21 - Space reservations for windows in the NBEX system
The window will be attached to the NBPI using bolts. The bolt pattern will be dependent on the chosen gasket solution (see ‎5.5). It is foreseen that the number of window sizes can be reduced and standardised to between one and three for each of the windows. This will reduce required number of customized gaskets. 
[bookmark: _Toc485016435]Installation blocks
To be able to install the NBOA within the NBPI additional space at the “behind” the NBOA jacket is required. The NBOA will be lowered down and then pushed horizontally into its final position. This leaves two larger gaps, along the beamline, between the NBPI and the NBOA that needs to be filled with material.
It is foreseen that additional shielding blocks of 316L stainless steel is inserted and fastened within the NBPI after the NBOA is installed. Detail design of this will be carried out during the detail design of the NBPI.
[image: ../../../../../Desktop/Beer_topp_without_lid.png]
Figure 22 - Space for integration
[bookmark: _Toc485016436]Coatings
An ESS decision states that use of coatings with an M value above 4.0 is prohibited within the monolith. Exceptions to this is limited to very special circumstances and with the express consent of the ESS management.
This limit was chosen due to the limited experience in high M-value coatings on metallic substrates. Limiting the coatings and potentially decreasing performance is preferred over the risk of complete system failure.
Four instruments are effected by the decision to limit the M-values. Studies of the effect to these instruments and proposed solutions are underway.
[bookmark: _Toc485016437]NBOA Variant description
Each NBOA is unique. However, many share similar features. This section describes the overall features of the NBOA, their diversity and commonality. Three extreme cases have been identified and the implementation of those cases is displayed to prove the feasibility of the conceptual design.
[image: ../Pictures/170531/all_NBOA.png]
Figure 23 - All ESS NBOA
[bookmark: _Toc485016438]Examples
Three extreme cases have been identified:
· Tall and heavy – ESTIA
· Wide – BEER
· Small – LOKI
· Special case – HEIMDAL
[bookmark: _Toc485016439]Tall
The ESTIA guide profile is up to 200mm tall around 100mm wide. The largest section has a mass up to 200kg. ESTIA also requires the largest set of windows of any of the NBOAs
[image: ../../../../../Desktop/Screen%20Shot%202017-06-08%20at%2015.00.20]
Figure 24 - ESTIA NBOA/NBPI integration
As shown in the figure above ESTIA requires a large volume in the NBPI. The large height of the system allows for sufficient space for the side alignment features.
As visible the ESTIA NBOA is an exception to the rule of two chicanes. Instead ESTIA only uses a single longer chicane due to space constraints. This change has been approved by NOSG.
[image: C:\Users\iainsutton\Downloads\Estia_NBOA_lid_2.png]
Figure 25 - ESTIA NBOA/Lid integration
The ESTIA NBOA geometry is complex with several elliptical surfaces.
[image: C:\Users\iainsutton\Downloads\Estia_NBPI_body_detail2.png]
Figure 26 - ESTIA alignment details
Being the heaviest NBOA in the suite ESTIA requires two springs per contact point, each with two waves.
[bookmark: _Toc485016440]Wide
The BEER NBOA proves no particular challenges in the integration into the NBPI. Tight integration to the sides of the NBPI is the biggest challenge. 
[image: ../../../../../Desktop/Screen%20Shot%202017-06-08%20at%2015.02.16%2]
Figure 27 - BEER NBOA/NBPI Integration
[bookmark: _Toc485016441]Small
The LOKI NBOA is curved vertically and exits the NBPI at a significantly lower position compared to the entrance. The guide profile is also only 25x30mm (H*W) causing alignment challenges.
[image: C:\Users\iainsutton\Downloads\Loki_NBOA_NBPI_2.png]
Figure 28 - LOKI NBPI
[image: C:\Users\iainsutton\Downloads\body_loki.png]
[bookmark: _Ref484785507]Figure 29 - LOKI NBPI body
As seen in Figure 29 the pocket required to fit LOKI is very deep and narrow. The geometry is non-elliptical but can still prove to be difficult to manufacture.
[image: C:\Users\iainsutton\Downloads\Loki_NBOA_lid_2.png]
Figure 30 - LOKI NBOA/Lid integration
The lid integration poses the same issues as the body integration, only reversed. Machining of a narrow and high curving ridge will pose a challenge to the best of manufacturer.
[image: C:\Users\iainsutton\Downloads\Loki_NBPI_body_detail5(1).png]
Figure 31 - LOKI alignment details
Due to the small height of LOKI, fitting the necessary alignment features is challenging but achievable. There is a potential to reduce the size of the alignment components further due to the reduced weight of the system.
[bookmark: _Toc485016442]Special case
HEIMDAL is planning to deploy a highly complex double guide extraction system. The conditions from this type of solution is so different from the others that it can not be solved using the same design. The proposed conceptual design does not meet the requirements posed by the HEIMDAL constraints.
[image: C:\Users\iainsutton\Downloads\heimdal_all.png]
Figure 32 - HEIMDAL NBOA
[image: C:\Users\iainsutton\Downloads\Heimdal_front.png]
Figure 33 - HEIMDAL NBOA detail
[image: C:\Users\iainsutton\Downloads\fat_boy1.png]
[bookmark: _Ref484785930]Figure 34 - Jacket solution
As seen in Figure 34 a jacket solution could be used for HEIMDAL. This will pose integration issues with the NBPI and a separate concept might be needed.
[bookmark: _Toc307828318][bookmark: _Toc485016443]List of abbreviations
	Abbreviation
	Explanation of abbreviation

	NBOA
	Prompt Pulse Suppression chopper, also called T-zero (T0) chopper

	NBEX
	Neutron Beam Extraction

	NBPI
	Neutron Beam Plug Insert


[bookmark: _Ref484779511][bookmark: _Toc485016444][bookmark: _Ref484779545]Appendix A Thermal expansion
[image: ../../../../../Desktop/Linear%20thermal%20expansion.pdf]


[bookmark: _Toc485016445]Appendix B Load on alignment screws
Assumed force: 2500N (150kg load from NBOA section and 100kg spring load)
Precision requirement: 50µm
Design target for positioning resolution: 10µm
Realistic minimum rotation of positioner: 15 degrees
[image: ../../../../../Desktop/Screen%20Shot%202017-06-09%20at%2016.09.54]
Conclusion: 0,5 pitch provides 20µm resolution for 15 degrees of rotation. This provides reasonable balance between precision and stress on thread.
[bookmark: _Ref484779836]

[bookmark: _Toc485016446]Appendix C Surface stress on alignment ball
[bookmark: _Ref484781591][image: ../../../../../Desktop/Screen%20Shot%202017-06-09%20at%2016.12.54]


[bookmark: _Toc485016447]Appendix D Spring data
[image: ../../../../../Desktop/Screen%20Shot%202017-06-09%20at%2015.49.27]
[image: ../../../../../Desktop/Screen%20Shot%202017-06-09%20at%2015.49.12]


[bookmark: _Toc485016448]Appendix E Clamping force of bolt pattern
Seal and bolt pattern
Assuming 4mm seal dimension on top of NBPI (body to lid) (Helicoflex). Requires 200N/mm of compression for maximum compression.
M8: 5x diameter in separation = 40mm separation between each bolt. 40mm for each bolt to compress. 40mm*200N/mm=8kN of force per bolt. 32,9kN yield strength on 10.9 quality bolts. Safety factor of ~4
M6: 3,5x diameter in separation = 21mm separation between each bolt. 21mm for each bolt to compress. 21mm*200N/mm=4,2kN of force per bolt. 18,1kN yield strength on 10.9 quality bolts. Safety factor of ~4
Design
M6 countersunk bolts to hold windows in place.
M8 counter bored along sides of lid.
M6 counter bored along short ends of lid. Matched to zig-sack with window pattern.
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