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Design Overview
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• A cable tray system was designed to allow 

for the routing of cables vertically along the 

wall of the cryostat.

- The cables being routed would include the 

bottom drift electronics cables and the PD fibers.

• An integral cable shield would prevent 

interferences with the high field area at the 

cathode plane.

• A rope ladder-style construction would allow 

for pre-installation of the BDE cables during 

fabrication and allow for transport of the 

complete assembly via cable reel.

- This design was chosen with the intention to 

speed up and simplify the installation of the cable 

tray within the cryostat.
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NP02 Cable Tray Installation – Overview
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• A total of three vertical cable trays were installed in the 

NP02 cryostat:

- #1: The initial test assembly.

• Minor manufacturing errors (FRP rigging rung)

• Original installation procedure used (integrated chain hoist).

- #2: First full-load assembly.

• Revised top assembly to split load among 3 membrane 

studs.

• Major installation spatial constraints due to cathode.

• Original installation procedure used (integrated chain hoist).

- #3: Second full-load assembly.

• Identical to assembly #2.

• Modified installation procedure used (floor mounted wire 

hoist).
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Cable Tray Construction
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• Assembly is a mix of stainless-steel load-bearing 

rungs, FRP support rungs, Dyneema cable 

supports, and an extension spring.

• Fabrication:

- Main issue was the number of knots required to be 

done (and all by hand).

• No alternative method to create support points on 

Dyneema cable.

• Increased difficulty and time of fabrication significantly.

- Knots had to be adjusted constantly due to custom 

nature of each assembly (length adjustment).

• Value Engineering to be done to determine 

viability of switching to stainless-steel wire ropes 

instead.
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Cable Bundle Attachment

Nicholas Joniak | NP02 Cable Tray Installation – Lessons Learned5

• Cable bundles attached to tray assembly 

using cable ties.

• Work done in either NP02 clean room or 

in main EHN1 hallway on tarp.

- Both cases had limited floor space that 

made attaching bundles and loading 

assembly onto cable reel a challenge.

• Current proposal for FD2 installation 

would have cable bundles attached to 

the cable tray during fabrication and not 

in the cleanroom.

- A space could be found to accommodate 

full length of cable bundles.
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Cable Bundle Attachment (Cont.)
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• Extra slack required for cable bundle routing due 

to the differing thermal properties between the 

Dyneema ropes and cable bundles.

- Dyneema expands when cooled while the cable 

bundles will contract.

• Initial routing ended up being too loose and 

needed to be revised inside the cryostat (a large 

additional time requirement).

- Cable ties and bundles tended to shift around on 

support rungs during loading/unloading of cable reel.

• If value engineering leads to revision of supports 

to steel wire rope, cable slack requirement would 

be diminished.

• A modified support rung with predrilled holes for 

cable ties could be used to prevent shifting of 

cables.

• A proposal to individually install the cable bundles 

inside the cryostat is also being discussed.
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Cable Tray Assembly Storage
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• To facilitate safe storage and transport 

into the cryostat, a large cable reel was 

used.

- The complete assembly was slowly and 

carefully loaded onto the reel.

- All end connections were protected with 

bubble and plastic wrap.

• The TCO beam was then used to bring 

the cable reel into the cryostat for 

deployment.
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Cable Tray Assembly Storage (Cont.)
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• Limited space made loading and 

using the cable reel very difficult.

- Larger amount of space in the FD2 

cryostat should mitigate this problem.

• Solid central hub made protection 

and storage of vulnerable inner cable 

terminations challenging.

- A skeletal metal cable reel vendor has 

been found with hollow interior hub – this 

should allow for easier storage and 

protection of vulnerable cable bundle 

terminations.
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Cryostat Membrane Attachment
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• The primary cable tray attachment point 

within the cryostat is the membrane M10 

threaded rods.

• The initial design had a single upper 

attachment point.

- However, there is no rated load given for 

these rods.

- After significant discussion, it was decided 

to spread the assembly load over three 

studs with a new spanning beam.

• This will be a concern for the FD2 

installation: the expected stud loads will 

be double compared to the NP02 values.
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Upper Assembly Attachment
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• The cable tray upper assembly is initially loose 

and must be installed in the cryostat first.

- This consists of the top rung and spanning beam.

- These were attached to the membrane threaded 

rods with eye nuts and shackles.

- Equally loading each shackle was a challenge, 

and a new system will need to be value engineered.

• Due to the weight of each component and the 

offset nature of the work (the nearby cathode 

was already installed), this was a difficult 

process.

- Value engineering is proposed to design a 

lighter and more effective spanning element.
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Initial Cable Deployment
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• The top of the cable tray assembly has a length 

of loose cable that will be routed to the roof 

feedthrough.

- FD2: ~5m loose cable.

- NP02: ~12m loose cable!

• This length of cable was lifted using the manlift 

and routed onto the DSS-supported horizontal 

cable tray baskets.

- The cable was pulled through and then draped on 

the other side.

- This was a laborious and time-intensive process.

• Two manlifts required simultaneously for tray #2 (this 

was reduced to one for tray #3).
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Hoisting
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• The hoist specified for this lift is a ¼ US 

ton manual chain hoist.

- This would be connected to both the 

upper and lower assemblies with shackles 

and integrated eye bolts.

• This method was used to install the first 

two cable trays.

• The last assembly was installed using a 

floor mounted wire rope hoist.

- The original hoist was misplaced.

- This proved to be effective, but the chain 

hoist is still the preferred method.
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Lower Assembly Lift
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• The lift was accomplished with the cable 

team slowly unrolling the reel while the lift 

team used the hoist to raise the deployed 

assembly.

- 4~5 people required at this stage.

• Keeping the assembly in the correct 

orientation and unravelling the cables was a 

challenge.

• Individual cable installation in the cryostat 

would make this significantly easier, but each 

cable tray installation would take more time.
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Spring Tensioning
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• This process was critical to accurately 

set the spring so that the maximum 

extension could be achieved.

- The current design is labor intensive and 

time-consuming (due to knot adjustment).

• It is proposed that a fine adjustment 

system be implemented in the FD2 

design.
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• Original spring length = 9.0” [22.9 cm]

• Fully extended spring = 11.8” [30.0 cm]



Upper Cabling Support

Nicholas Joniak | NP02 Cable Tray Installation – Lessons Learned15

• A combination of the DSS beam and 

horizontal wire basket cable trays were 

used to support the lengths of BDE 

cable before they reached the 

feedthrough (or manhole when it was 

used for temporary testing).

• Current FD2 design has long sections of 

unsupported cable with strain relief at 

the lower end of the penetration.
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Cable Tray Shielding and Lateral Restraint
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• Original design had sections of curved 

aluminum sheets placed at the high field 

mid point of each cable tray assembly.

• Production of these assemblies proved 

to be difficult to arrange, so a novel 

solution was developed by HV:

- Field cage profiles were integrated into 

the assembly to serve as a shield.

- The larger profiles were used as a lateral 

brace and glued back to the membrane wall.

• Depending on the effect on the field 

effects, this could be the way to move 

forward with the shield component.
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Completed Cable Tray Installation
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• The cable trays were successfully installed, but several key issues 

emerged during installation:

- This was a difficult and time intensive installation.

• The original intent was for a quick and cheap way to install the BDE cables.

• Cables are cumbersome and heavy, especially when all four are attached to the 

cable tray.

• The cathode placement was an NP02-specific problem, but other issues (heavy 

upper assembly) are still a concern.

- The cable routing as shown in not ideal, and alternative attachment 

methods are being investigated.

• A significant amount of time was spent for the current arrangement.

• The management of the loose upper cables must be addressed.

- The manual spring adjustment is inefficient and must be optimized for 

large-scale utilization.

• Value engineering to address these issues and optimize the design 

is planned.



NP02 Cable Tray – Lessons Learned Summary
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• Cable Tray Construction:

- Dyneema cables were suboptimal in this design (too many knots).

- Value engineering for an alternative is required.

• Cable Bundle Attachment:

- Significant floor space is required.

- Rung design alteration required to minimize lateral cable drift on supports.

- Changing support material would decrease required cable bundle slack.

- Decision must be made on whether to install cables beforehand or in cryostat.

• Cable Tray Assembly Storage:

- Solid wooden cable reel technically works, but a hollow steel construction would be better for 

cable termination protection.
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NP02 Cable Tray – Lessons Learned Summary (Cont.)
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• Cryostat Membrane Attachment:

- 3-stud supports developed but need to be optimized to better load the threaded rods.

• Upper Assembly Attachment:

- Value engineering required to optimize design and make installation easier.

• Initial Cable Deployment:

- A method to safely and easily support the upper free cabling must be developed.

• Hoisting:

- A single chain hoist model and type must be used and designed for.

• Lower Assembly Lift:

- This process must be optimized. Revisions to rung and cable reel design would improve this.

• Spring Tensioning:

- Value engineering required to optimize spring system and introduce a fine adjustment 

mechanism.
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NP02 Cable Tray – Lessons Learned Summary (Cont.)
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• Upper Cable Routing:

- Additional components were used to support the loose upper cable before reaching the roof 

penetration (DSS beams and horizontal wire cable tray). Perhaps a similar mechanism could be 

implemented in FD2.

• Shielding and Lateral Restraint:

- Additional tests required to prove that this revised shield assembly is effective.

• Overall Installation Impressions:

- The current method is difficult and time consuming. Changes to certain design aspects 

(support material type, cable attachment timing and methods, etc.) would be expected to 

drastically simplify the installation procedure, and value engineering is proposed.
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