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1 Introduction

The SCT Barrel Thermal Enclosure (TE) has several functions:

1. It provides a thermal insulation between the SCT and TRT, which operate at different temperatures of -7 ºC and 25 ºC respectively.

2. It acts as a cover providing some mechanical protection of the SCT 

3. It separates the SCT and TRT gas volumes. The SCT is operated in a dry nitrogen environment while the TRT operates in dry CO2.

4. It acts as an electromagnetic shield of the SCT and provides a low impedance connection between the rear and front service patch panels PPB1

Major Components of the Barrel Thermal Enclosure – See figure 1.0

1. Outer Thermal Enclosure (OTE) Half Cylinders (Upper and Lower)

2. Side Panel

3. End Panels (Both ends)

(Above components are CFRP/Al Alloy composite structures containing a layer of Pyrogel insulation)

4. Inner Thermal Enclosure (ITE) Cylinder – Thin (0.6mm) CFRP cylinder with 100μm Aluminium foil co-cured to the inner surface.

5. Services Bulkhead (Both ends) – Machined Al Alloy assembly containing the various Barrel SCT service feed-throughs.
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Figure 1.0

2 Short Description of the Thermal Enclosure

This section provides a brief overview of the components of the Barrel Thermal Enclosure.
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Figure 2.0 Exploded view of Thermal Enclosure

2.1 OTE Half Cylinders (drawing no. TD-1057-370)
The OTE Half cylinders are not true half cylinders, but cover an angular spread of around 165° to allow for the mounting of the side panels, which are necessary due to assembly constrains and also the constriction of the TRT support rails in this region.

The upper and lower half cylinders are identical. They consist of an inner skin of CFRP, incorporating and end flange (for mounting the services bulkhead) which was cured in and then supported by a mould. A grid of Airex foam was then bonded to the outer surface to create a gap for the placement of the layer of Pyrogel insulation. This insulation medium is in the form of a thin matt that was encapsulated in aluminised kapton and arranged between the strips of Airex foam (see fig. 2.1). The aluminised kapton wrapping is required for two reasons: firstly to seal the pyrogel which contains a powdery substance which could cause contamination issues. Secondly as a means of reflecting heat so improving the insulating properties.

Once the layer of insulation had been placed, the outer skin of the half cylinder was bonded in position. This consisted of a large sheet of 0.5mm thick aluminium alloy which was drapped over the half cylinder and clamped in place while the adhesive cured.. Any excess material was then trimmed back.

This aluminium outer skin forms the electrical sheilding and as such has to a contiunous surface. The ends of the outer skin have to be electrically connected to the services bulkhead which forms the main grounding path for the thermal enclosure. To allow this castlated foil strips of 100um aluminum were spot welded to both ends ot the outer skin. Testing showed that spot welds produced a good electrical joint, giving a resistance of approximately 0.2mOhms.

Due to the area of the half cylinder a large enough sheet of the required thickness was difficult to source, so two sheets needed to be joined in such a way as to maintian good electrical continuity. This was achieved by creating a folded joint along the centre of the sheet which could be incorporated into the thickness of the half cylinder composite. The electrical quality of the joint was found to be good, giving a resistance in the order of 0.5mOhms.

Around each end flange aluminium threaded inserts were bonded for assembling the half cylinders to the services bulkhead.
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Figure 2.1: Exploded view of Half cylinder

Half Cylinder Materials

1. Aluminium outer skin: 0.5mm alocromed Aluminium alloy, spec…

2. Inner skin: …

3. Airex foam stiffeners: Airex R82?

4. Pyrogel insulation blankets: Pyrogel AR5402 sealed in Aluminised kapton film/tape

5. Threaded inserts: Aluminium alloy 6082

6. Adhesives: Araldite 2011 is the general purpose adhesive used to bonding the airex stiffeners/outer skin/threaded inserts etc.

2.2 Side Panels (drawing no. TD-1057-371)
The side panels join the upper and lower half cylinders to make up the outer thermal enclosure. The join between these parts needed to be quite structurally strong, provide a seal to maintain the positive pressure dry nitrogen atmosphere within the thermal enclosure and ensure the electrical continuity of the outer skin be maintained around the circumference.

In terms of manufacture, the side panels are very similar to the half cylinders, but slightly less challenging due to their smaller size and flat profile. The inner skin was again a CFRP moulding, but the original design of the incorporated pultruded CFRP rails to act as structural members for the longitudinal joint. The company manufacturing the thermal enclosure (CTS, now Lola Composites) wanted to simplify this region by making the inner CFRP skin as a single moulding with flanges instead of pultruded rails. They were confident the structure would remain stiff enough. 

Airex foam stiffeners were bonded to the CFRP and Aluminised kapton wrapped pyrogel insulation blankets were placed between the stiffeners. The end flange which provides mounting points for the sevices bulkheads was machined from aluminium and bonded to the inner skin. The outer skin of 0.5mm aluminium was then bonded in place, creating a resonable stiff composite structure.

Holes were then drilled along the longitudinal flanges for positioning the threaded inserts which join the side panel to the half cylinders.

Before the inserts could be bonded, all other items had to be completed and assembled on the metrology jig to check for alignment. Once the half cylinders had been mounted the side panels could be offered up and the end flanges aligned. This was important to ensure a good quality seal at the services bulkhead.

With the side panels aligned to the half cylinders the clearance holes in the cylinders were drilled out using the existing side panel holes as a template. This would ensure that alignment would be maintained on final assembly.

The components were then dismantled from the jig and the threaded inserts bonded to the side panel longitudinal flanges.

Figure 2.2a: Exploded view of Side panel






Figure 2.2b: Section view of Side panel

2.3 Annular End Panels (drawing no. TD-1057-410)
The End panels were again a similar composite structure, with a CFRP inner skin, encapsulated pyrogel insulation and an outer aluminium skin. These panels seal the thermal enclosure at the services bulkhead via a rectangular silicone sealing strip, and at the Inner thermal enclosure cylinder using an EPDM O-ring seal, which is seated in a machined aluminium ring. To accommodate the services from the pixel detector there needed to be channels recessed into the end panels. These were formed in CFRP and bonded in position between the quadrants of insulation, positioned horizontally and vertically at 90°.










Figure 2.3a: Exploded view of End panel

The outer (front) flange of the services bulkhead has screws bonded to it to allow the end panels to be attached. To enable the fasteners are hidden within the thickness of the panel, peek bushings are bonded in, these aligning with the screws on the bulkhead with slotted nuts securing the joint.












Figure 2.3b: Exploded view of bulkhead mounting (outer radius)












Figure 2.3c: Section view of Inner Thermal Enclosure mounting (inner radius)

In order to prevent condensation forming on the outer end panel skin, there needed to be provision for this surface to electrically heated. Heater pads (consisting of a thin copper heating circuit encapsulated in Kapton) were made in quadrants to fit the outer aluminium panels. These were then bonded in place using Araldite 2011. The wires for the heaters are routed outwards along the CFRP Pixel services channels. See heater section for further details.

Figure 2.3d: Layout of end panel heater pads

2.4 Inner Thermal Enclosure Cylinder (drawing no TD-1057-275)

The Inner Termal Enclosure (ITE) is a slender cylinder of approximately 1598mm length and 515mm diameter; it has five main purposes:

(i) to define the inner radial boundary of  the SCT gas and thermal volume;

(ii) provide a physical barrier between the SCT and Pixel regions;

(iii) to shield the SCT from unwanted electrical noise sources;

(iv) provide a sealed feedthrough for the Pixel detector support interface with the SCT;

(v) to provide a sealed mechanical junction with the end panel

The ITE has no stringent thermal requirements as the temperatures either side of it are roughly equal.

Constructional details

The main body of the ITE comprises a cylinder made from a single ply of carbon fibre reinforced plastic (CFRP) of cured ply thickness approx 0.6mm. Co-cured on the inside of this item is the electrical shield, called the inner skin, which is made from aluminium alloy, 0.1mm thick. This material is treated with Alochrome 1200 to resist oxidation. The inner skin comprises three equally sized sheets that are joined longitudinally with conductive epoxy. The ends of the inner skin terminate in flexible tongues that enable a robust 360 degree bolted electrical connection to the TE end panel, so completing the electrical shield. 

Because of the tight tolerances required, a CFRP mould tool was used instead of the conventional steel type. In this way there is a better match between the CTEs of the mould and the ITE layup.

After the above assembly has been cured, the Pixel support penetration rings are bonded to the ends of the cylinder with Araldite 2011 epoxy. This item is a thin CFRP ring, net-moulded to tight tolerance; it incorporates apertures for the pixel supports and the necessary flanges for bonding.

The overall length of the ITE is defined by the ITE end rings. These are aluminium alloy rings, bonded to the Pixel support rings with Araldite 2011. They are treated with Alochrome 1200 and incorporate all necessary holes for a bolted connection to the end panel. The end ring also has a surface for a conventianal ‘O’ ring piston-type seal carried by the end panel.

Manufacturing tolerances

Due to the SCT’s tight envelope constraints, mechanical tolerances for the ITE are important. For most general features, an acceptable tolerance of +/-0.25mm was achieved by the manufacturer, Lola Composites Ltd. Because the ITE has little natural stiffness and cannot support its own weight before the rigid end rings are applied, the mould tool was accurately surveyed before curing; this approach proved correct. A geometric parallelism tolerance of 0.4mm was held over the end ring faces and hole positions were located within a positional tolerance of 0.2mm.

Difficulties encountered during manufacture

Due to its slenderness, the ITE was mostly difficult to manufacture, but in general this aspect was managed well by Lola. Originally it was hoped to provide the inner skin as one piece of aluminium, with a  single longitudinal joint, but it was impossible to buy material wide enough, hence the three-piece configuration. These skins were attached to the mould tool with tape, the longitudinal joint made with conductive epoxy, the pre-preg laid up and then cured.

On release from the mould it was found that the inner skin had about three wrinkles approx 700mm long by around 2mm high, due to CTE mismatch between the skins and CFRP. It was decided to slit the wrinkles and bond the resulting flaps of material with silver loaded conductive epoxy. This was then tested electrically and found to be satisfactory, although more epoxy than desirable was used (the silver content has to be minimised both for material budget and radio-activation reasons).

In view of the above, a second ITE was ordered, made with the benefit of experience of the first one. The Inner skin-cylinder co-cure was much more satisfactory, but a 2mm discrepancy was found in the pitch of the Pixel penetrations. This feature was not picked up by Lola’s metrology routine, but only discovered during assembly. It was possible to re-work the second ITE by heating locally to de-bond the Pixel mounting ring and re-attach it to the correct pitch but schedule constraints meant the first ITE had to be fitted to the SCT and the (better) second one retained as a spare.

ITE mass breakdown

(estimated)

Cylinder……………CFRP……..2.35kg…..qty 1

Inner skin……….....Al/alloy…....0.2kg……qty 1 (made of three pieces)

Pixel support ring.…CFRP…….0.22kg…...qty 2

End ring………..….Al/alloy…..0.18kg…...qty 2  


Total estimated mass of ITE is 3.35kg
2.5 Bulkheads

The barrel SCT services pass out of the thermal enclosure via various feedthroughs and grommets that are sealed into the services bulkhead. Each cable, power tape, fibre and cooling pipe needs it’s own particular type of feedthrough and each needs to be positioned in the correct orientation to allow for the routing beyond the thermal enclosure.

The bulkhead is a machined Aluminium alloy assembly made up from three layers, each built up as the services are sealed in. The rear flange is attached to the half cylinders via its bonded aluminium inserts and also the end flanges of the side panels. It is the first to be populated with service feedthroughs – all of which are module power tapes.
The middle flange is attached to the first and contains slots for the remaining service feedthroughs. The cooling exhaust connection also pass through this flange via an indium sealed coupling. The outer or front bulkhead flange seals the feedthroughs in position and provides the outer radius mounting points for the thermal enclosure end panel.

The bulkhead forms part of the grounding and sheilding path for the thermal enclosure. The aluminium skins of the OTE and ITE are electrically connected to the bulkhead, which is linked to the main gounding points on the ID cryostat via the Heat Spreader Plate, described later.

The service feedthroughs are made in the form of cradle into which the tapes, fibres or cables are sealed using Techsil. A lid is then sealed on to produce a block that can be inserted into the bulkhead slots.





2.6 Heaters

There are 4 heaters approximately occupying vertically-oriented quadrants on each End Plate. The heater details (polyimide/copper ratio) can be obtained from Ljubljana. 

The general geometry for the A and C sides is given below:



The heaters were prepared for bonding using a 05M solution of sodium hydroxide and then rinsing and drying. The procedure was:

1. Dissolve 20g of sodium hydroxide in 1 litre of water (warm water can be used to speed up the process) to form a 0.5M aqueous solution.

2. Cover a bench with polythene sheeting to use as a work surface.

3.  Prepare the mating (adhering) surface of the film as follows:

(i) Wipe the surface of the film with a lint-free wipe moistened with the sodium hydroxide solution. The surface will become very slightly matt.

(ii) Wash off the surface with a lint-free wipe moistened with or plain water. Repeat five times.

(iii) Dry off with a lint-free wipe moistened with ethanol.

(iv) Allow to air-dry for two hours.

Araldite 2011 was used to bond the heaters to the panels – estimated adhesive thickness 30μm.

In order to use the heater twisted pairs most ergonomically, the wiring diagram shown below was used:


The heater wires (polyamide insulated copper/nickel plated aluminium) were stripped and tinned using hot solder.

Say what they are (kapton copper flexible circuits) give thickness of copper and Kapton

Say where they are. Purpose (which ones are on and which off) May be Richard H. 

can provide a few details. I would like to have plots of them showing the traces and dimensions, best in the appendix. Refer to other documenation

Mention that heater cables run with TRT services.

2.7 Other components

There are a number of components that are neither clearly TE or barrel

May be these could go here: 

Spider

 Others?

3 Tables:

list of drawings with number, content

4 Assembly instructions

Side Panels

OTE

Bulkheads

ITE

Cooling Reference Disc & Litz Wires

Litz wires from the cooling manifolds and tab extensions were pulled free of the LMT’s and fibres within the barrel area and counted to ensure that they were all present.  Some had been taped down in between layers of LMT’s and were thus difficult to extract.  Eventually all 132 were located.  Some Litz wires had become untwisted slightly and the strands had separated so these were tidied up in preparation for their installation.
The Cooling Reference Disc (CRD) was made from 18μm/25μm copper plated Kapton which was cut to shape using a template and assembled quadrant by quadrant.  The positions of the Litz wires were marked on a transparent piece of plastic sheeting as it was held up to the barrel end, and then this was then used as a template to punch holes in the CRD in the correct places.

The Litz wires were pulled through their holes one by one as each quadrant of the CRD was ‘unrolled’ (copper side out) against the barrel end.  The disc was taped into place and this process was repeated for each quadrant.  Sticky copper tape was used to join the quadrants together, with solder links making an electrical connection between the tape and the disc.  The pre-tinned ends of the Litz wires were soldered to the disc too.

There was some confusion about the orientation of the individual quadrants to start with, and one disc was installed before it was realised that two quadrants were a reflection and not a rotation of the other sections and so the tabs were not in the correct positions.  Instead of unsoldering all of the Litz wires at that end, it was decided that a better course of action would be to remove the solder tabs in the relevant quadrants and re attached them using copper tape and soldering across the joint.

The CRD was not fitted as originally planned.  It became apparent that it would lie much better and be easier to fit if it was trapped between the middle and outer bulkheads, rather than the outer bulkhead and the end panel.  There was no apparent reason why this should not be just as electrically effective and so this is how it was installed.
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End Panels

The End Panel at the +Z end was not fitted correctly as no instructions were available at that time.  The innermost seal was not fitted at all and the outer seal was not glued in place beforehand.  The inner seal was however closed with Techsil.  Once fitted, Loctite 5145 was applied to all joints (at both ends) and there was no discernable difference in leak tightness between the ends.

There were many problems fitting the screws holding the panels in place - several had to be left out because the holes in the end panel were not aligned correctly with the fixing holes in the outer bulkhead, and in a number of cases the screws were stripped of their threads and/or the head snapped off. Aluminium screws were replaced with stronger stainless steel screws while aligning. Once aligned some of these could be replaced with the aluminium.

Leak Testing the Thermal Enclosure

A dry air supply at 8bar with a ‘current limiting resistor’ constructed from 150m of 4mm pipe was mixed with Argon and connected to a digital flow meter which read from 0-40 litres/min.  After the flow meter, the input was split to feed the four internal nitrogen pipes.  A pressure switch which could be set to any value up to 4mbar (although for this test it was only used at 0.9mbar) was connected to a fitting in the middle bulkhead.  This closes the high pressure supply and vents the line in the case of the internal pressure increasing too much.  A gas bubbler set to 0.6mbar was attached to the exhaust line to create a back pressure.  This was sometimes connected and sometimes left open.
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Many leaks were found and the leak rate was so large that an overpressure of 0.15mbar could only be achieved with a flow rate of 2500 litres/hour.

Some significant ones were:

· DCS wires

· One capillary grommet

· Some fibre grommets

· Behind most LMT’s

· Some exhaust spiders

· TE side panels to OTE half shells

No major problems were found with the ITE, end panels or bulkheads.

The services had originally been sealed in using Techsil, bust since this never sets hard and doesn’t stick to anything, any movement of the services just opened up more leaks.  Any leaks which were found during this leak testing process were sealed using Loctite 5145.

Eventually a 0.6mbar overpressure was managed when using 2.5 times the nominal flow rate (approximately 2.4 m3/hour).  At nominal flow there was an overpressure of ~0.2mbar.  These were the best figures achieved but the result could not be reproduced after insertion into the TRT.  

Only one out of the four exhausts was connected, thus forcing more air out of the leaks.  The situation is expected to improve once all four are attached.  The LMT grommets will also be re-sealed with Loctite 5145 during the installation of services in the pit and it is hoped that this will improve the leak-tightness of the assembly too.
We might need subsections here e.g.  

a OTE, ITE body, inner bulkhead mechanical assembly

b other bulkeads and services + sealing

c grounding connections 

Let’s discuss this

This chapter is extremely important in my view, if we would have to take SCT out in 2009 and some key people might have left. Writing things up could save us months of poking around.

Assembly uses assembly jig, 

mention order of steps, mention difficulties and stuff to watch:

mention what steps are not removable (e.g. glued sections)

We might want to include an instruction to reverse all that.

Include practical experience of all significant steps

There is Janet Fraser’s nice services assembly instruction.

We should include Richard A and other’s advice here.

There should also be a barrel assembly list, and more details. There is a bit of overlap.

5 Measurements / performance

Gas tightness, quality of G&S connections, mechanical data ?

best thermal input (we changed a few things, it’s pyrogel everywhere now) ?

6 Material properties


Carbon fiber selection

Data on CF:  fiber type, properties, epoxy, reference to data sheet

mechanical requirements (modulus), twill, why not cyanite esther,

part of the derogation story and fire and safety info


Adhesive choices

give the full list with names(Araldite, techsil, loctite, EP79) 

basic properties (conductive, good, removable, fully cured) where used and why

Give more details on the nickel plated epoxy (radiation length, grain size, price, address of company)

Some repetition with previous sections does not matter


Surface finishes

List conductive components (OTE other skin, finger foil, aluminized kapton etc. etc.

If natural tell, why this choice was made 

Mention aluchroming treatment, give company names and details

7 Heat spreader plate

General description

The HSP serves to contain ALL of the SCT barrel services on their way from the TE bulkhead to the connection at PPB1. It also contains cooling circuits to remove heat from the low mass tapes (LMTs) in this region. It also carries out an important electrical function in that it reduces the risk of noise pick-up and protects the adjacent TRT barrel from electrical interference from the SCT services.

The HSP comprises one complete back plate and one complete front plate. Both of these items cover 360 degrees and are of segmented construction to allow assembly and access. All of the longitudinal and radial joints are of bolted construction. A fundamental aspect of the layout is that ALL of the SCT services pass between the front and back plates.

The back plate is made from 0.5mm G10 FR4 sheet with alochromed Al foil laminated onto the inner surface. This foil is 50 microns thick. The foil is extended at the TE bulkhead end to provide a mechanically floating, but electrically bonded connection to the bulkhead. At the cryostat end, a conventional, rigid bolted joint is used to attach the back plate to the ID arc plate.

The front plate is of similar construction, except that its foil is 250 microns thick all over and its lower end is attached to the bulkhead front section via a segmented aluminium spacer. The upper end of the HSP front plate is attached to the PPB1 ground structure using a bolted foil joint.

Both front and rear plates are split into eight sectors to allow optimal access to the TRT barrel services during assembly and testing.

Assembly and installation of the HSP

In summary, the HSP is assembled to the following sequence:


1. Bolt rear HSP sectors to the bulkhead, fit radial stiffeners and attach outer end of foil to ID arc plate


2. Unfold services from ISSS, route and connect at PPB1.


3. Install barrel HEX


4. Attach front HSP sectors to font TE bulkhead and radial stiffeners


5. Attach outer front foil to PPB1 mounting points

For a detailed description of the HSP installation, refer to the document, Installation of SCT Barrel Services (A.Nichols, 28/4/06)


Electrical requirements of the HSP have been well documented by Ned Spencer (3) (4)


                                      Schematic view of HSP

8 Figures

Let’s put Figures at the end, it’s so much easier.
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Material Data
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Component Material Density (kg/m

3

) Qty per assy Unit Mass (g) Total Mass (g) R max (mm) R min (mm) Z (mm) Remarks

OTE

Outer skin Al Alloy 2700 2 3238 6476 547 546.5 +760 to -760

Inner skin CFRP 1580 2 1940 3880 542.5 542 +765 to -765

Insulation jacket Al Kapton 1440 72 3.9 280.8 545 545 +740 to -740

Insuation Pyrogel 170 72 35.4 2548.8 546.5 542.5 +740 to -740

Foam strips (radial) Airex 80 10 14.3 143 546.5 542.5 +740 to -740

Foam strips (axial) Airex 80 60 1.75 105 546.5 542.5 +740 to -740

Thread inserts Al Alloy 2700 92 0.33 30.36 541 541 +765 to +760 Both ends

Total: 13464.0

Side panel

Outer skin Al Alloy 2700 2 291 582 539 540 +762.5 to -762.5

Inner skin CFRP 1580 2 247 494 539 536 +744 to -744

Insulation jacket Al Kapton 1440 8 3 24 539 539 +738 to -738

Insulation Pyrogel 170 8 20.8 166.4 539 536 +738 to -738

End flange Al Alloy 2700 4 34.7 138.8 542 536 +765 to -765

Thread inserts Al Alloy 2700 84 0.26 21.84 540 535 +725 to -725

Airex strips Airex 80 6 0.61 3.66 539 536 +385 to -385

Total: 1430.7

ITE

Cylinder CFRP 1580 1 2360 2360 257.5 257 +770 to -770

G&S skin Al Alloy 2700 1 715 715 257 257 +800 to -800

PST flange CFRP 1580 2 155 310 259.5 257 +790 to +767 Both ends

Seal flange Al Alloy 2700 2 131 262 259.5 255.5 +799 to +793 Both ends

Total: 3647

End Panel

Outer skin Al Alloy 2700 8 175 1400 525.5 265.5 +803 to +802.5 Both ends

PST wire channel CFRP 1580 8 31.4 251.2 525.5 265.5 +803 to +802.5 Both ends

Inner skin CFRP 1580 2 520 1040 525.5 265.5 +799.5 to +799 Both ends

Seal flange Al Alloy 2700 2 271 542 274 255.5 +803 to +793 Both ends

Insulation jacket Al Kapton 1440 8 8.45 67.6 507 282 +802 to +799.5 Both ends

Insulation Pyrogel 170 8 52.8 422.4 507 282 +802 to +799.5 Both ends

Outer edge inserts Carbon PEEK 2700 104 0.51 53.04 519 519 +803 to +799 Both ends

Heater pad Cu Kapton 3208 4 0

Heater wire 32 0

Foam strips (inner) Airex 80 8 1.07 8.56 280 266 +802.5 to +799.5 Both ends

Foam strips (outer) Airex 80 8 2.28 18.24 524 509 +802.5 to +799.5 Both ends

Foam strips (radial) Airex 80 16 0.55 8.8 502 276 +802.5 to +799.5 Both ends

PST channel liner Al Alloy 2700 8 11.3 90.4 526 265 +803 to +800 Both ends

Total: 3902.2

Bulkhead

Rear bulkhead Al Alloy 2700 4 268 1072 547 531.5 +777 to +765 Both ends

Centre bulkhead Al Alloy 2700 4 297 1188 536.5 526 +765 to +793 Both ends

Front bulkhead Al Alloy 2700 4 289 1156 531 510 +793 to +799 Both ends

LMT feedthro' (6 way) PEEK 1310 32 0.76 24.32 538 530 +772 to +777 Both ends

LMT feedthro' (12 way) PEEK 1310 160 0.82 131.2 538 538 +769 to +777 Both ends

Fibre feedthro' (54 way) PEEK 1310 20 0.8 16 531.5 520.5 +784 to +793 Both ends

Fibre feedthro' (72 way) PEEK 1310 4 0.92 3.68 531.5 520.5 +784 to +793 Both ends

Fibre feedthro' (90 way) PEEK 1310 16 1.07 17.12 531.5 520.5 +784 to +793 Both ends

Fibre feedthro' (90 way) PEEK 1310 28 1.36 38.08 531.5 520.5 +784 to +793 Both ends

DCS feedthro' PEEK 1310 8 1 8 532 524.5 +780 to +793 Both ends

Spider clamp - six way PEEK 1310 4 6.7 26.8 539 523 +790 to +799 Both ends

Spider clamp - five way PEEK 1310 4 5.7 22.8 539 523 +790 to +799 Both ends

Exhaust connector (male) Cu Ni 8940 44 6.5 286 535.5 524 +783 to +797 Both ends

Lock nut Al Alloy 2700 44 0.47 20.68 529 527 +782 to +798 Both ends

Capillary feedthro' (2 way) PEEK 1310 4 0.94 3.76 532 524.5 +786 to +793 Both ends

Capillary feedthro' (3 way) PEEK 1310 12 0.9 10.8 532 524.5 +786 to +793 Both ends

Capillary feedthro' (4 way) PEEK 1310 4 1.1 4.4 532 524.5 +786 to +793 Both ends

Capillary feedthro' (7 way) PEEK 1310 4 1.7 6.8 532 524.5 +786 to +793 Both ends

Capillary sleeve Al Alloy 2700 88 0.14 12.32 532.5 524 +787 to +791 Both ends

N2 inlet flange Al Alloy 2700 4 1.24 4.96 536 531 -781.5 to -791.5 Top & bottom

N2 exhaust (large) Al Alloy 2700 1 14.8 14.8 541 529 +780 to +793 Top

N2 exhaust (small) Al Alloy 2700 3 7.7 23.1 541 529 +780 to +793 Top & bottom

N2 inlet seal Silicone 1100 4 0.02 0.08 534 533 -783 to -790 Top & bottom

N2 exhaust seal (large) Silicone 1100 1 0.61 0.61 529 528.5 +780 to +793 Top & bottom

N2 exhaust seal (small) Silicone 1100 3 0.28 0.84 529 528.5 +780 to +793 Top

Total: 4093.2

Assembly items

Screw OTE-side panel (M3x4 Btn Hd) Al Alloy 2700 84 0.14 11.76 540 535 +725 to -725

Screw rear BH-OTE (M3x5 Btn Hd) Al Alloy 2700 100 0.16 16 541 541 +765 to +760 Both ends

Screw centre BH-rear BH (M2.5x8 Btn Hd) Al Alloy 2700 184 0.2 36.8 534 534 +780 to +772 Both ends

Screw front BH-centre BH (M2.5x8 Csk Hd) Al Alloy 2700 144 0.2 28.8 528.5 528.5 +799 to +783 Both ends

Captive screw - front BH (M3x7 Csk Hd) Al Alloy 2700 104 0.21 21.84 519 519 +803 to +796 Both ends

M3 Slotted nut - end panel ST/STL 7930 104 0.43 44.72 519 519 +803 to +800.5 Both ends

Screw-end panel-ITE (M2x5 Cap Hd) A2 St/Stl 7930 24 0.28 6.72 257.5 257.5 +806 to +800 Both ends

Captive screw (M2.5x12 Slot Csk) - N2 inlet A2 St/Stl 7930 8 0.52 4.16 538.5 526.5 -786.5 Top & bottom

M2.5 x 6 Chs Hd - N2 exhaust A2 St/Stl 7930 6 0.26 1.56 536 534 +786.5 Top & bottom

M2.5 Nut - N2 inlet A2 St/Stl 7930 8 0.26 2.08 536 534 -786.5 Top & bottom

Screw - LMT feedthro' (M1x4 Csk Hd) A2 St/Stl 7930 384 0.033 12.67 534 534 +777 to +773 Both ends

Screw - fibre feedthro' (M1x4 Chs Hd) A2 St/Stl 7930 136 0.041 5.576 528.5 528.5 +793 to +789 Both ends

Screw - Capillary feedthro' (M2x4 Chs Hd) A2 St/Stl 7930 48 0.21 10.08 528.5 528.5 +793 to +789 Both ends

Screw - DCS feedthro' (M1x4 Csk Hd) A2 St/Stl 7930 16 0.033 0.528 528.5 528.5 +793 to +789 Both ends

PST seal moulding EPDM 950 4 0

Seal - rear BH - OTE EPDM 950 2 19.2 38.4 537 533 +766.5 to 765 Both ends

Seal - ITE-end panel EPDM 950 2 19.6 39.2 288 284 +798 to +794 Both ends

Seal  - OTE-end panel EPDM 950 2 18.4 36.8 515.5 511.5 +799 to +797.5 Both ends

Screw - spider clamp (M2.5x8 Btn Hd) A2 St/Stl 7930 16 0.58 9.28 529 529 +799 to +791 Both ends

Total: 327.0

Total Mass (kg) 26.86
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) Qty per assy Unit Mass (g) Total Mass (g) R max (mm) R min (mm) Z (mm) Remarks

G10 1980 8 287 2296 1085 554 +780 to +780.5 Both ends

G10 1980 8 422 3376 1085 554 +780 to +780.5 Both ends

Al Alloy 2700 8 65.3 522.4 1150 541 +780.5 Both ends

Al Alloy 2700 8 98 784 1150 541 +780.5 Both ends

G10 1980 8 255 2040 1085 526 +804 to 804.5 Both ends

G10 1980 8 698 5584 1085 526 +804 to +804.5 Both ends

Al Alloy 2700 8 319 2552 1150 526 +804.5 Both ends

Al Alloy 2700 8 479 3832 1150 526 +804.5 Both ends

Al Alloy 2700 8 10 80 547 541 +768 to +769 Both ends

Al Alloy 2700 8 4.6 36.8 547 541 +768 to +769 Both ends

Al Alloy 2700 16 1.6 25.6 590.5 540.5 +769 to +782 Both ends

Al Alloy 2700 8 75.3 602.4 537 526 +799 to +803 Both ends

Al Alloy 2700 16 57.7 923.2 1074 654 +781.5 to 803 Both ends

Al Alloy 2700 16 46.4 742.4 1136.5 613 +780.5 to +784.5Both ends

A2 St/Stl 7930 288 0.142 40.896 1069 613 +780 to +785 Both ends

PEEK 1310 384 0.24 92.16 1020 610 +780.5 to +785.5Both ends

Al Alloy 2700 4 120.2 480.8 1123 1073 +780 to +805 Both ends, left & right

PEEK 1310 4 1.5 6 1117 1107 +788 to +798 Both ends, left & right

Al Alloy 2700 4 13.6 54.4 1123 1103 +782 to +802 Both ends, left & right

PEEK 1310 4 2.3 9.2 1120 1100 +784 to +801 Both ends, left & right

A2 St/Stl 7930 4 0.6 2.4 1120 1107 +788 to +798 Both ends, left & right

A2 St/Stl 7930 200 0.5 100

A2 St/Stl 7930 144 0.38 54.72

A2 St/Stl 7930 240 0.5 120

A2 St/Stl 7930 288 0.2 57.6

A2 St/Stl 7930 288 0.142 40.896

Be/Cu 8260 0

Be/Cu 8260 0

Be/Cu 8260 0

Total Mass (kg) 24.46
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TE

		Thermal Enclosure

		Component		Material		Density (kg/m3)		Qty per assy		Unit Mass (g)		Total Mass (g)		R max (mm)		R min (mm)		Z (mm)		Remarks

		OTE

		Outer skin		Al Alloy		2700		2		3238		6476		547		546.5		+760 to -760

		Inner skin		CFRP		1580		2		1940		3880		542.5		542		+765 to -765

		Insulation jacket		Al Kapton		1440		72		3.9		280.8		545		545		+740 to -740

		Insuation		Pyrogel		170		72		35.4		2548.8		546.5		542.5		+740 to -740

		Foam strips (radial)		Airex		80		10		14.3		143		546.5		542.5		+740 to -740

		Foam strips (axial)		Airex		80		60		1.75		105		546.5		542.5		+740 to -740

		Thread inserts		Al Alloy		2700		92		0.33		30.36		541		541		+765 to +760		Both ends

										Total:		13464.0

		Side panel

		Outer skin		Al Alloy		2700		2		291		582		539		540		+762.5 to -762.5

		Inner skin		CFRP		1580		2		247		494		539		536		+744 to -744

		Insulation jacket		Al Kapton		1440		8		3		24		539		539		+738 to -738

		Insulation		Pyrogel		170		8		20.8		166.4		539		536		+738 to -738

		End flange		Al Alloy		2700		4		34.7		138.8		542		536		+765 to -765

		Thread inserts		Al Alloy		2700		84		0.26		21.84		540		535		+725 to -725

		Airex strips		Airex		80		6		0.61		3.66		539		536		+385 to -385

										Total:		1430.7

		ITE

		Cylinder		CFRP		1580		1		2360		2360		257.5		257		+770 to -770

		G&S skin		Al Alloy		2700		1		715		715		257		257		+800 to -800

		PST flange		CFRP		1580		2		155		310		259.5		257		+790 to +767		Both ends

		Seal flange		Al Alloy		2700		2		131		262		259.5		255.5		+799 to +793		Both ends

										Total:		3647

		End Panel

		Outer skin		Al Alloy		2700		8		175		1400		525.5		265.5		+803 to +802.5		Both ends

		PST wire channel		CFRP		1580		8		31.4		251.2		525.5		265.5		+803 to +802.5		Both ends

		Inner skin		CFRP		1580		2		520		1040		525.5		265.5		+799.5 to +799		Both ends

		Seal flange		Al Alloy		2700		2		271		542		274		255.5		+803 to +793		Both ends

		Insulation jacket		Al Kapton		1440		8		8.45		67.6		507		282		+802 to +799.5		Both ends

		Insulation		Pyrogel		170		8		52.8		422.4		507		282		+802 to +799.5		Both ends

		Outer edge inserts		Carbon PEEK		2700		104		0.51		53.04		519		519		+803 to +799		Both ends

		Heater pad		Cu Kapton		3208		4				0

		Heater wire						32				0

		Foam strips (inner)		Airex		80		8		1.07		8.56		280		266		+802.5 to +799.5		Both ends

		Foam strips (outer)		Airex		80		8		2.28		18.24		524		509		+802.5 to +799.5		Both ends

		Foam strips (radial)		Airex		80		16		0.55		8.8		502		276		+802.5 to +799.5		Both ends

		PST channel liner		Al Alloy		2700		8		11.3		90.4		526		265		+803 to +800		Both ends

										Total:		3902.2

		Bulkhead

		Rear bulkhead		Al Alloy		2700		4		268		1072		547		531.5		+777 to +765		Both ends

		Centre bulkhead		Al Alloy		2700		4		297		1188		536.5		526		+765 to +793		Both ends

		Front bulkhead		Al Alloy		2700		4		289		1156		531		510		+793 to +799		Both ends

		LMT feedthro' (6 way)		PEEK		1310		32		0.76		24.32		538		530		+772 to +777		Both ends

		LMT feedthro' (12 way)		PEEK		1310		160		0.82		131.2		538		538		+769 to +777		Both ends

		Fibre feedthro' (54 way)		PEEK		1310		20		0.8		16		531.5		520.5		+784 to +793		Both ends

		Fibre feedthro' (72 way)		PEEK		1310		4		0.92		3.68		531.5		520.5		+784 to +793		Both ends

		Fibre feedthro' (90 way)		PEEK		1310		16		1.07		17.12		531.5		520.5		+784 to +793		Both ends

		Fibre feedthro' (90 way)		PEEK		1310		28		1.36		38.08		531.5		520.5		+784 to +793		Both ends

		DCS feedthro'		PEEK		1310		8		1		8		532		524.5		+780 to +793		Both ends

		Spider clamp - six way		PEEK		1310		4		6.7		26.8		539		523		+790 to +799		Both ends

		Spider clamp - five way		PEEK		1310		4		5.7		22.8		539		523		+790 to +799		Both ends

		Exhaust connector (male)		Cu Ni		8940		44		6.5		286		535.5		524		+783 to +797		Both ends

		Lock nut		Al Alloy		2700		44		0.47		20.68		529		527		+782 to +798		Both ends

		Capillary feedthro' (2 way)		PEEK		1310		4		0.94		3.76		532		524.5		+786 to +793		Both ends

		Capillary feedthro' (3 way)		PEEK		1310		12		0.9		10.8		532		524.5		+786 to +793		Both ends

		Capillary feedthro' (4 way)		PEEK		1310		4		1.1		4.4		532		524.5		+786 to +793		Both ends

		Capillary feedthro' (7 way)		PEEK		1310		4		1.7		6.8		532		524.5		+786 to +793		Both ends

		Capillary sleeve		Al Alloy		2700		88		0.14		12.32		532.5		524		+787 to +791		Both ends

		N2 inlet flange		Al Alloy		2700		4		1.24		4.96		536		531		-781.5 to -791.5		Top & bottom

		N2 exhaust (large)		Al Alloy		2700		1		14.8		14.8		541		529		+780 to +793		Top

		N2 exhaust (small)		Al Alloy		2700		3		7.7		23.1		541		529		+780 to +793		Top & bottom

		N2 inlet seal		Silicone		1100		4		0.02		0.08		534		533		-783 to -790		Top & bottom

		N2 exhaust seal (large)		Silicone		1100		1		0.61		0.61		529		528.5		+780 to +793		Top & bottom

		N2 exhaust seal (small)		Silicone		1100		3		0.28		0.84		529		528.5		+780 to +793		Top

										Total:		4093.2

		Assembly items

		Screw OTE-side panel (M3x4 Btn Hd)		Al Alloy		2700		84		0.14		11.76		540		535		+725 to -725

		Screw rear BH-OTE (M3x5 Btn Hd)		Al Alloy		2700		100		0.16		16		541		541		+765 to +760		Both ends

		Screw centre BH-rear BH (M2.5x8 Btn Hd)		Al Alloy		2700		184		0.2		36.8		534		534		+780 to +772		Both ends

		Screw front BH-centre BH (M2.5x8 Csk Hd)		Al Alloy		2700		144		0.2		28.8		528.5		528.5		+799 to +783		Both ends

		Captive screw - front BH (M3x7 Csk Hd)		Al Alloy		2700		104		0.21		21.84		519		519		+803 to +796		Both ends

		M3 Slotted nut - end panel		ST/STL		7930		104		0.43		44.72		519		519		+803 to +800.5		Both ends

		Screw-end panel-ITE (M2x5 Cap Hd)		A2 St/Stl		7930		24		0.28		6.72		257.5		257.5		+806 to +800		Both ends

		Captive screw (M2.5x12 Slot Csk) - N2 inlet		A2 St/Stl		7930		8		0.52		4.16		538.5		526.5		-786.5		Top & bottom

		M2.5 x 6 Chs Hd - N2 exhaust		A2 St/Stl		7930		6		0.26		1.56		536		534		+786.5		Top & bottom

		M2.5 Nut - N2 inlet		A2 St/Stl		7930		8		0.26		2.08		536		534		-786.5		Top & bottom

		Screw - LMT feedthro' (M1x4 Csk Hd)		A2 St/Stl		7930		384		0.033		12.67		534		534		+777 to +773		Both ends

		Screw - fibre feedthro' (M1x4 Chs Hd)		A2 St/Stl		7930		136		0.041		5.576		528.5		528.5		+793 to +789		Both ends

		Screw - Capillary feedthro' (M2x4 Chs Hd)		A2 St/Stl		7930		48		0.21		10.08		528.5		528.5		+793 to +789		Both ends

		Screw - DCS feedthro' (M1x4 Csk Hd)		A2 St/Stl		7930		16		0.033		0.528		528.5		528.5		+793 to +789		Both ends

		PST seal moulding		EPDM		950		4				0

		Seal - rear BH - OTE		EPDM		950		2		19.2		38.4		537		533		+766.5 to 765		Both ends

		Seal - ITE-end panel		EPDM		950		2		19.6		39.2		288		284		+798 to +794		Both ends

		Seal  - OTE-end panel		EPDM		950		2		18.4		36.8		515.5		511.5		+799 to +797.5		Both ends

		Screw - spider clamp (M2.5x8 Btn Hd)		A2 St/Stl		7930		16		0.58		9.28		529		529		+799 to +791		Both ends

										Total:		327.0

										Total Mass (kg)		26.86





HSP

		Heat Spreader plate

		Component		Material		Density (kg/m3)		Qty per assy		Unit Mass (g)		Total Mass (g)		R max (mm)		R min (mm)		Z (mm)		Remarks

		Rear panel (small)		G10		1980		8		287		2296		1085		554		+780 to +780.5		Both ends

		Rear panel (large)		G10		1980		8		422		3376		1085		554		+780 to +780.5		Both ends

		Rear skin (small)		Al Alloy		2700		8		65.3		522.4		1150		541		+780.5		Both ends

		Rear skin (large)		Al Alloy		2700		8		98		784		1150		541		+780.5		Both ends

		Front panel (small)		G10		1980		8		255		2040		1085		526		+804 to 804.5		Both ends

		Front panel (large)		G10		1980		8		698		5584		1085		526		+804 to +804.5		Both ends

		Front skin (small)		Al Alloy		2700		8		319		2552		1150		526		+804.5		Both ends

		Front skin (large)		Al Alloy		2700		8		479		3832		1150		526		+804.5		Both ends

		Segmented clamp (small)		Al Alloy		2700		8		10		80		547		541		+768 to +769		Both ends

		Segmented clamp (large)		Al Alloy		2700		8		4.6		36.8		547		541		+768 to +769		Both ends

		Rear panel support (LH/RH)		Al Alloy		2700		16		1.6		25.6		590.5		540.5		+769 to +782		Both ends

		Bulkhead spacer		Al Alloy		2700		8		75.3		602.4		537		526		+799 to +803		Both ends

		Radial stiffener		Al Alloy		2700		16		57.7		923.2		1074		654		+781.5 to 803		Both ends

		Cooling tube		Al Alloy		2700		16		46.4		742.4		1136.5		613		+780.5 to +784.5		Both ends

		Captive screw in RHSP		A2 St/Stl		7930		288		0.142		40.896		1069		613		+780 to +785		Both ends

		Cooling tube clip		PEEK		1310		384		0.24		92.16		1020		610		+780.5 to +785.5		Both ends

		Rail support		Al Alloy		2700		4		120.2		480.8		1123		1073		+780 to +805		Both ends, left & right

		Plunger		PEEK		1310		4		1.5		6		1117		1107		+788 to +798		Both ends, left & right

		Adjustment screw		Al Alloy		2700		4		13.6		54.4		1123		1103		+782 to +802		Both ends, left & right

		Shim		PEEK		1310		4		2.3		9.2		1120		1100		+784 to +801		Both ends, left & right

		Spring		A2 St/Stl		7930		4		0.6		2.4		1120		1107		+788 to +798		Both ends, left & right

		Assembly Items

		Screw - rear HSP-BH (M3x5 Btn Hd)		A2 St/Stl		7930		200		0.5		100

		Screw - front HSP-BH spacer (M3x5 Csk Hd)		A2 St/Stl		7930		144		0.38		54.72

		Screw --BH spacer - BH (M3x5 Btn Hd)		A2 St/Stl		7930		240		0.5		120

		M2 Slotted nut - Rad stiffener-RHSP		A2 St/Stl		7930		288		0.2		57.6

		Screw - Rad stiffener-FHSP (M2x5 Csk Hd)		A2 St/Stl		7930		288		0.142		40.896

		Gasket - Rad stiffener		Be/Cu		8260						0

		Gasket - RHSP-BH		Be/Cu		8260						0

		Gasket - FHSP-BH		Be/Cu		8260						0

										Total Mass (kg)		24.46





Services

		Services in HSP

				Component		Material		Qty per assy		Mass (g)		Nominal R (mm)		Nominal Z (mm)		Remarks

				LMT

				Opto fibre

				FSI ribbon

				DCS wire

				HEX

				Capillary

				N2 Inlet

				N2 exhaust

				PST heater wires

				TRT heater wires

				TE heater wires
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		Thermal Enclosure

		Component		Material		Density (kg/m3)		Qty per assy		Unit Mass (g)		Total Mass (g)		R max (mm)		R min (mm)		Z (mm)		Remarks

		OTE

		Outer skin		Al Alloy		2700		2		3238		6476		547		546.5		+760 to -760

		Inner skin		CFRP		1580		2		1940		3880		542.5		542		+765 to -765

		Insulation jacket		Al Kapton		1440		72		3.9		280.8		545		545		+740 to -740

		Insuation		Pyrogel		170		72		35.4		2548.8		546.5		542.5		+740 to -740

		Foam strips (radial)		Airex		80		10		14.3		143		546.5		542.5		+740 to -740

		Foam strips (axial)		Airex		80		60		1.75		105		546.5		542.5		+740 to -740

		Thread inserts		Al Alloy		2700		92		0.33		30.36		541		541		+765 to +760		Both ends

										Total:		13464.0

		Side panel

		Outer skin		Al Alloy		2700		2		291		582		539		540		+762.5 to -762.5

		Inner skin		CFRP		1580		2		247		494		539		536		+744 to -744

		Insulation jacket		Al Kapton		1440		8		3		24		539		539		+738 to -738

		Insulation		Pyrogel		170		8		20.8		166.4		539		536		+738 to -738

		End flange		Al Alloy		2700		4		34.7		138.8		542		536		+765 to -765

		Thread inserts		Al Alloy		2700		84		0.26		21.84		540		535		+725 to -725

		Airex strips		Airex		80		6		0.61		3.66		539		536		+385 to -385

										Total:		1430.7

		ITE

		Cylinder		CFRP		1580		1		2360		2360		257.5		257		+770 to -770

		G&S skin		Al Alloy		2700		1		715		715		257		257		+800 to -800

		PST flange		CFRP		1580		2		155		310		259.5		257		+790 to +767		Both ends

		Seal flange		Al Alloy		2700		2		131		262		259.5		255.5		+799 to +793		Both ends

										Total:		3647

		End Panel

		Outer skin		Al Alloy		2700		8		175		1400		525.5		265.5		+803 to +802.5		Both ends

		PST wire channel		CFRP		1580		8		31.4		251.2		525.5		265.5		+803 to +802.5		Both ends

		Inner skin		CFRP		1580		2		520		1040		525.5		265.5		+799.5 to +799		Both ends

		Seal flange		Al Alloy		2700		2		271		542		274		255.5		+803 to +793		Both ends

		Insulation jacket		Al Kapton		1440		8		8.45		67.6		507		282		+802 to +799.5		Both ends

		Insulation		Pyrogel		170		8		52.8		422.4		507		282		+802 to +799.5		Both ends

		Outer edge inserts		Carbon PEEK		2700		104		0.51		53.04		519		519		+803 to +799		Both ends

		Heater pad		Cu Kapton		3208		4				0

		Heater wire						32				0

		Foam strips (inner)		Airex		80		8		1.07		8.56		280		266		+802.5 to +799.5		Both ends

		Foam strips (outer)		Airex		80		8		2.28		18.24		524		509		+802.5 to +799.5		Both ends

		Foam strips (radial)		Airex		80		16		0.55		8.8		502		276		+802.5 to +799.5		Both ends

		PST channel liner		Al Alloy		2700		8		11.3		90.4		526		265		+803 to +800		Both ends

										Total:		3902.2

		Bulkhead

		Rear bulkhead		Al Alloy		2700		4		268		1072		547		531.5		+777 to +765		Both ends

		Centre bulkhead		Al Alloy		2700		4		297		1188		536.5		526		+765 to +793		Both ends

		Front bulkhead		Al Alloy		2700		4		289		1156		531		510		+793 to +799		Both ends

		LMT feedthro' (6 way)		PEEK		1310		32		0.76		24.32		538		530		+772 to +777		Both ends

		LMT feedthro' (12 way)		PEEK		1310		160		0.82		131.2		538		538		+769 to +777		Both ends

		Fibre feedthro' (54 way)		PEEK		1310		20		0.8		16		531.5		520.5		+784 to +793		Both ends

		Fibre feedthro' (72 way)		PEEK		1310		4		0.92		3.68		531.5		520.5		+784 to +793		Both ends

		Fibre feedthro' (90 way)		PEEK		1310		16		1.07		17.12		531.5		520.5		+784 to +793		Both ends

		Fibre feedthro' (90 way)		PEEK		1310		28		1.36		38.08		531.5		520.5		+784 to +793		Both ends

		DCS feedthro'		PEEK		1310		8		1		8		532		524.5		+780 to +793		Both ends

		Spider clamp - six way		PEEK		1310		4		6.7		26.8		539		523		+790 to +799		Both ends

		Spider clamp - five way		PEEK		1310		4		5.7		22.8		539		523		+790 to +799		Both ends

		Exhaust connector (male)		Cu Ni		8940		44		6.5		286		535.5		524		+783 to +797		Both ends

		Lock nut		Al Alloy		2700		44		0.47		20.68		529		527		+782 to +798		Both ends

		Capillary feedthro' (2 way)		PEEK		1310		4		0.94		3.76		532		524.5		+786 to +793		Both ends

		Capillary feedthro' (3 way)		PEEK		1310		12		0.9		10.8		532		524.5		+786 to +793		Both ends

		Capillary feedthro' (4 way)		PEEK		1310		4		1.1		4.4		532		524.5		+786 to +793		Both ends

		Capillary feedthro' (7 way)		PEEK		1310		4		1.7		6.8		532		524.5		+786 to +793		Both ends

		Capillary sleeve		Al Alloy		2700		88		0.14		12.32		532.5		524		+787 to +791		Both ends

		N2 inlet flange		Al Alloy		2700		4		1.24		4.96		536		531		-781.5 to -791.5		Top & bottom

		N2 exhaust (large)		Al Alloy		2700		1		14.8		14.8		541		529		+780 to +793		Top

		N2 exhaust (small)		Al Alloy		2700		3		7.7		23.1		541		529		+780 to +793		Top & bottom

		N2 inlet seal		Silicone		1100		4		0.02		0.08		534		533		-783 to -790		Top & bottom

		N2 exhaust seal (large)		Silicone		1100		1		0.61		0.61		529		528.5		+780 to +793		Top & bottom

		N2 exhaust seal (small)		Silicone		1100		3		0.28		0.84		529		528.5		+780 to +793		Top

										Total:		4093.2

		Assembly items

		Screw OTE-side panel (M3x4 Btn Hd)		Al Alloy		2700		84		0.14		11.76		540		535		+725 to -725

		Screw rear BH-OTE (M3x5 Btn Hd)		Al Alloy		2700		100		0.16		16		541		541		+765 to +760		Both ends

		Screw centre BH-rear BH (M2.5x8 Btn Hd)		Al Alloy		2700		184		0.2		36.8		534		534		+780 to +772		Both ends

		Screw front BH-centre BH (M2.5x8 Csk Hd)		Al Alloy		2700		144		0.2		28.8		528.5		528.5		+799 to +783		Both ends

		Captive screw - front BH (M3x7 Csk Hd)		Al Alloy		2700		104		0.21		21.84		519		519		+803 to +796		Both ends

		M3 Slotted nut - end panel		ST/STL		7930		104		0.43		44.72		519		519		+803 to +800.5		Both ends

		Screw-end panel-ITE (M2x5 Cap Hd)		A2 St/Stl		7930		24		0.28		6.72		257.5		257.5		+806 to +800		Both ends

		Captive screw (M2.5x12 Slot Csk) - N2 inlet		A2 St/Stl		7930		8		0.52		4.16		538.5		526.5		-786.5		Top & bottom

		M2.5 x 6 Chs Hd - N2 exhaust		A2 St/Stl		7930		6		0.26		1.56		536		534		+786.5		Top & bottom

		M2.5 Nut - N2 inlet		A2 St/Stl		7930		8		0.26		2.08		536		534		-786.5		Top & bottom

		Screw - LMT feedthro' (M1x4 Csk Hd)		A2 St/Stl		7930		384		0.033		12.67		534		534		+777 to +773		Both ends

		Screw - fibre feedthro' (M1x4 Chs Hd)		A2 St/Stl		7930		136		0.041		5.576		528.5		528.5		+793 to +789		Both ends

		Screw - Capillary feedthro' (M2x4 Chs Hd)		A2 St/Stl		7930		48		0.21		10.08		528.5		528.5		+793 to +789		Both ends

		Screw - DCS feedthro' (M1x4 Csk Hd)		A2 St/Stl		7930		16		0.033		0.528		528.5		528.5		+793 to +789		Both ends

		PST seal moulding		EPDM		950		4				0

		Seal - rear BH - OTE		EPDM		950		2		19.2		38.4		537		533		+766.5 to 765		Both ends

		Seal - ITE-end panel		EPDM		950		2		19.6		39.2		288		284		+798 to +794		Both ends

		Seal  - OTE-end panel		EPDM		950		2		18.4		36.8		515.5		511.5		+799 to +797.5		Both ends

		Screw - spider clamp (M2.5x8 Btn Hd)		A2 St/Stl		7930		16		0.58		9.28		529		529		+799 to +791		Both ends

										Total:		327.0

										Total Mass (kg)		26.86





HSP

		Heat Spreader plate

		Component		Material		Density (kg/m3)		Qty per assy		Unit Mass (g)		Total Mass (g)		R max (mm)		R min (mm)		Z (mm)		Remarks

		Rear panel (small)		G10		1980		8		287		2296		1085		554		+780 to +780.5		Both ends

		Rear panel (large)		G10		1980		8		422		3376		1085		554		+780 to +780.5		Both ends

		Rear skin (small)		Al Alloy		2700		8		65.3		522.4		1150		541		+780.5		Both ends

		Rear skin (large)		Al Alloy		2700		8		98		784		1150		541		+780.5		Both ends

		Front panel (small)		G10		1980		8		255		2040		1085		526		+804 to 804.5		Both ends

		Front panel (large)		G10		1980		8		698		5584		1085		526		+804 to +804.5		Both ends

		Front skin (small)		Al Alloy		2700		8		319		2552		1150		526		+804.5		Both ends

		Front skin (large)		Al Alloy		2700		8		479		3832		1150		526		+804.5		Both ends

		Segmented clamp (small)		Al Alloy		2700		8		10		80		547		541		+768 to +769		Both ends

		Segmented clamp (large)		Al Alloy		2700		8		4.6		36.8		547		541		+768 to +769		Both ends

		Rear panel support (LH/RH)		Al Alloy		2700		16		1.6		25.6		590.5		540.5		+769 to +782		Both ends

		Bulkhead spacer		Al Alloy		2700		8		75.3		602.4		537		526		+799 to +803		Both ends

		Radial stiffener		Al Alloy		2700		16		57.7		923.2		1074		654		+781.5 to 803		Both ends

		Cooling tube		Al Alloy		2700		16		46.4		742.4		1136.5		613		+780.5 to +784.5		Both ends

		Captive screw in RHSP		A2 St/Stl		7930		288		0.142		40.896		1069		613		+780 to +785		Both ends

		Cooling tube clip		PEEK		1310		384		0.24		92.16		1020		610		+780.5 to +785.5		Both ends

		Rail support		Al Alloy		2700		4		120.2		480.8		1123		1073		+780 to +805		Both ends, left & right

		Plunger		PEEK		1310		4		1.5		6		1117		1107		+788 to +798		Both ends, left & right

		Adjustment screw		Al Alloy		2700		4		13.6		54.4		1123		1103		+782 to +802		Both ends, left & right

		Shim		PEEK		1310		4		2.3		9.2		1120		1100		+784 to +801		Both ends, left & right

		Spring		A2 St/Stl		7930		4		0.6		2.4		1120		1107		+788 to +798		Both ends, left & right

		Assembly Items

		Screw - rear HSP-BH (M3x5 Btn Hd)		A2 St/Stl		7930		200		0.5		100

		Screw - front HSP-BH spacer (M3x5 Csk Hd)		A2 St/Stl		7930		144		0.38		54.72

		Screw --BH spacer - BH (M3x5 Btn Hd)		A2 St/Stl		7930		240		0.5		120

		M2 Slotted nut - Rad stiffener-RHSP		A2 St/Stl		7930		288		0.2		57.6

		Screw - Rad stiffener-FHSP (M2x5 Csk Hd)		A2 St/Stl		7930		288		0.142		40.896

		Gasket - Rad stiffener		Be/Cu		8260						0

		Gasket - RHSP-BH		Be/Cu		8260						0

		Gasket - FHSP-BH		Be/Cu		8260						0

										Total Mass (kg)		24.46





Services

		Services in HSP

				Component		Material		Qty per assy		Mass (g)		Nominal R (mm)		Nominal Z (mm)		Remarks

				LMT

				Opto fibre

				FSI ribbon

				DCS wire

				HEX

				Capillary

				N2 Inlet

				N2 exhaust

				PST heater wires

				TRT heater wires

				TE heater wires










































