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FIBRE MATS 
To fulfill the minimum requirements of 1152 fibre mats needed for the SciFi tracker, 1300 fibre mats will 

be produced, accounting for losses during production of the tracker modules, as well as spares for 

additional modules.  

PRODUCTION CENTRES 
Production of fibre mats will be done at four winding centres: TU Dortmund and RWTH Aachen in 

Germany, EPFL in Switzerland, and at the Kurchatov Institute in Russia. Each winding centre will require 

a winding machine and wheels for winding the fibre mats1, as well as the glue and additional 

consumable materials for producing approximately 4 mats per week. In total, each production site is 

expected to produce 265 fibre mats, on average. Kurchatov will run two shifts per day, in the current 

plan, and therefore counts as two sites. The others, one shift per day. This requires about 65 weeks at 

full capacity, but some ramp-up time at the beginning will extend this. Assuming 44 working weeks per 

year, the mat production will be complete by the end of 2017.  

 

MANAGEMENT 
 

The management of the mat production will be overseen by one production manager and a site 

manager at each site.  This group of people will work together to ensure all production sites are 

functioning well and the mats will be produced in a timely fashion.  

 

                                                           
1 See the SciFi EDR for a description LHCb-PUB-2015-008 

https://cds.cern.ch/record/2004811 

 

 

Production Manager(s) Name: ? 

Site Manager:  RWTH Aachen Name: Thomas Kirn 

Site Manager: TU Dortmund Name: Robert Ekelhof 

Site Manager: Kurchatov/Russia Name: Valery Lebedev 

Site Manager: EPFL Lausanne Name: Plamen Hopchev 

https://cds.cern.ch/record/2004811


  



 

RESPONSIBILITIES 
 

SITE MANAGER 
1. Ensure that the production site is prepared.  

a. Lab space for tooling and production is allocated 

b. Available storage of materials and finished mats 

c. Proper ventilation of non-stick agent is available 

d. All tooling is available and prepared. Production for multiple sites should be arranged on 

a per tool basis. A site must ask for something by default, otherwise it is assumed they 

will purchase or produce the tool from a common drawing placed on EDMS.  

e. Winding machine commissioning and maintenance.  Experts will help with 

commissioning, but maintenance is the responsibility of the winding site. STC Elektronic 

provides a 2 year warranty on parts and defects.*  

f. Enough technicians should be trained on all the machines and tooling 

2. Supply management: Ensure consumables are in stock and not expired. 

a. Each site is responsible for acquiring their own supplies. Group orders should be 

organized between the Site Managers.  

b. Epoxy should be ordered in staggered batches (every 6 months) to avoid expiration.  

3. Ensure QA is completed and monitor results 

a. Ensure that there are people available to make the measurements. 

b. Regularly compile reports of QA results. See QA document by S. Bachmann.  

c. The reports must include a list of all lost fibre and mats with explanations why.  

d. All mats should receive a score/grade agreed upon by the Mat Production group and 

management.  

4. Report problems and improvements 

a. Systematic problems with the machines, tooling, or fibre mats should be communicated 

early and often to the Production Manager and other Site Managers.  

b. Improvements to machines, tooling or fibre mats should be communicated to the 

Production Manager and other site managers for approval and implementation at the 

other winding centres 

5. Track Shipments 

a. Ensure that fibres are shipped on time, received and stored properly. Organize with 

CERN. Fibres will be shipped on a bi-weekly basis with a commercial company. 

b. Ensure that fibre mats are shipped on time and packed properly. Organize with the 

Module Assembly managers. Mats will be shipped on a monthly basis.  

6. Database Entries 

a. Ensure that the database entries are correct and complete for finished fibre mats 

 

 



PRODUCTION MANAGER(S) 
1.  Track preparation and setup of all Winding Centres 

a. Update schedules 

b. Identify problems and solutions with the Site Managers, such as supplies, scheduling, 

labour, tooling, shipments, etc. 

c.  Prepare for the PRR (internal and external) of each site. 

2. Review the production reports from the Site Managers 

a. Look for differences in QA results and mat yields. Identify the discrepancies with the Site 

Managers 

3. Visit and inspect production sites (if needed). 

4. Track production yields,  costs and project schedule 

 

MILESTONES 

 



DESCRIPTION OF MILESTONES: 
 

Engineering Meeting to finalize production concepts / decision casting (Thu 15.10.15) 
Presentation and discussion of this document. Decisions regarding foil or glue casting will be made, as 

well as other small modifications to the endpiece design.  

Order winding wheels (Thu 15.10.15) 
Every winding center requires three wheels (Six in Russia). Currently an offer from BOMA is being 

investigated by Dortmund. 

Order casting tools (Sun 15.11.15) 
Glue casting requires 4 jigs per site (8 in Russia).  

Order fibres (Sun 15.11.15) 
100 km of fibre will be ordered and distributed to the initial winding sites for machine development.  

Approve pre‐series (5%) (Mon 15.02.16) 
500km of fibre will be ordered and measured to confirm large batch quality.  

50% fibres delivered Thu 15.09.16 
Half of the ordered fibres from Kuraray should have arrived at CERN. 

Decide on order of NOL fibres (3000 km) Thu 15.12.16 
If the NOL fibre provide superior performance to the standard fibres.  

Decide on use of 3000 km option Wed 15.02.17 
Option in the contract to order fibre beyond what was foreseen to be required.  

*100% fibres delivered (11'000 km) Mon 15.05.17 
All 11,000km of fibre has been delivered per the supplier contract to CERN.  

Start fibre mat production Fri 15.01.16 
First winding centre begins production of fibre mats at a reduced pace.  

*PRR fibre‐mats Tue 15.03.16 
Review of production centres currently in production, schedules and costs.  

10% fibre mats produced Sun 15.05.16 

50% fibre mats produced Thu 15.12.16 

*100% fibre mats produced Sat 15.07.17 



 

 

STORAGE OF THE FIBRES AND FINISHED MATS 
1. The scintillating fibre and finished fibre mats must be stored in a climate controlled room with a 

room temperature of 20+/- 1.5 degrees. The relative humidity of the room should remain 

between 35 and 50%.  

The temperature and humidity in the UX85 cavern (UXA & UXB areas) are rather stable 

parameters, 20 +/- 1.5 ⁰C,  with RH= 45 % respectively. 

2. The fibres and finished fibre mats should be kept in closable storage containers or cabinets to 

protect them from light, dirt, spills, trips, falls and accidental falling objects.  

3. The fibre mats should be kept in sealed black bags (schlauch) to maintain their cleanliness and 

protect them from UV damage, water damage and excess dust buildup. The optically finished 

ends of the fibres should be protected from damage, grease and dirt.  

 

SHIPPING LOGISTICS 
1. The scintillating fibres will initially be shipped to to CERN from the manufacturer on a weekly 

basis. At CERN, they will be qualified by a scan for excessive diameter bumps and have their 

attenuation lengths checked. 

2. Shipments of fibres will be sent to the Winding Centres from CERN bi-weekly. 

3. Finished fibres mats will be held at the winding centres for monthly shipments to the Module 

Assembly Centres in sealed crates containing 8 mats per box 

4. Should the fibre or fibre mats be insured against destruction in the labs, during shipment? 

Insurance in Germany is not allowed by the institutes. At CERN, it is recommended. 

5. The fibres shipped from Kuraray to CERN will contain chemical single use temperature threshold 

indicators. The fibre mats shipments will use:  

a. a chemical-based temperature threshold sensor 

b. a device (USB stick) which records the temperature and humidity at 15 minute intervals, 

along with excessive g-force shocks. The fibres are expected to be robust against 

accidents if stored in the crates properly. 

 

6. Shipping 

a. A contract with a commercial company should be established to move the finished 

components between the institutes.  

DATABASE  
The database framework allows for a custom interface for each production item in SciFi. The table for 

the scintillating fibre mats is a result of the experience from producing the EDR fibre mats and module.  



It is a web-based interface with task-based views (Admin, Management, Technician, etc.) and 

customizable permisions.  

A limited set of information can be exported for management reporting 

SAFETY CONCERNS AND MANAGEMENT.  

ELECTRICAL FIRES 
Multiple electric motors will be turning for extended periods of time unsupervised.  

VOLUMES OF PLASTIC MATERIALS 
The polystyrene base of the scintillating fibre produces dense black smoke. In LHC, it is forbidden under 

IS41 in the tunnels and experimental halls. This should be kept in mind for lab safety and in case of fire. 

ALCOHOLS AND OTHER CLEANING AGENTS 
Isopropyl alcohol vapor is denser than air and is flammable with a flammability range of between 2 and 

12.7% in air. It should be kept away from heat and open flame.[22] Isopropyl alcohol has also been 

reported to form peroxides, which may explode upon concentration.[23] Isopropyl alcohol is a skin 

irritant.[22] Poisoning can occur from ingestion, inhalation, or skin absorption; therefore, well-ventilated 

areas and protective gloves are recommended. Around 15 g of isopropyl alcohol can have a toxic effect 

on a 70 kg human if left untreated.[25] 

The most hazardous property of acetone is its extreme flammability. At temperatures greater than 

acetone's flash point of −20 °C (−4 °F), air mixtures of between 2.5% and 12.8% acetone, by volume, may 

explode or cause a flash fire. Vapors can flow along surfaces to distant ignition sources and flash back. 

Static discharge may also ignite acetone vapors, though acetone has a very high ignition initiation energy 

point and therefore accidental ignition is rare. 

 

FUMES FROM NON-STICK AGENTS AND EPOTEK EPOXY 
The fumes from the non-stick agent and sealer are quite aggressive and require proper ventilation when 

applied.  

The Epotek-301 type epoxy hardener also requires ventilation during the curing process. However, the 

volume we use is quite small and the normal ventilation of a laboratory room will remove these fumes.  

SHIELDS FOR TURNING WHEEL AND EMERGENCY STOPS 
The machines that are turning require proper shields such that a worker cannot be easily caught in the 

machine and suffer injury or death. The speeds of the machines are slow, allowing for some reaction 

time. Emergency stops should be within reach to disable the power to the machines in case of an 

accident.  

UV SHIELDING OF SCINTILLATING FIBRES 
The fibres have been seen to suffer a reduction in their scintillation light output when exposed to UV 

light for an extended period of time (hours). Some of this damage recovers, but it has not been 

https://en.wikipedia.org/wiki/Flammable
https://en.wikipedia.org/wiki/Flammability_limit
https://en.wikipedia.org/wiki/Isopropyl_alcohol#cite_note-Sigma-22
https://en.wikipedia.org/wiki/Organic_peroxide
https://en.wikipedia.org/wiki/Isopropyl_alcohol#cite_note-23
https://en.wikipedia.org/wiki/Isopropyl_alcohol#cite_note-Sigma-22
https://en.wikipedia.org/wiki/Isopropyl_alcohol#cite_note-25
https://en.wikipedia.org/wiki/Flash_point
https://en.wikipedia.org/wiki/Static_electricity


systematically studied. Past experience in other experiments have used a UV filter (Kapton foil works) to 

cover fluorescent lights and windows during production.  

 

POSSIBLE PROBLEMS, BOTTLENECKS AND PROPOSED 
SOLUTIONS 
 

BOTTLENECKS:  
1. Kuraray is slow to deliver, has problems, quits. Sole sourcing is a problem. What is the 

maximum possible delay we can occur? Can we still be producing the last fibre mats in 2019? 

a. A buffer of fibre mats will be kept such that the inner modules can be built and operated 

in the first years of running before LS3.  

2. Lack of supply of other critical components.  

a. Epoxy (Epotek). An alternate epoxy will be found.  

b. Non-stick agent. Many release agents exist.  

3. A specific site is having problems starting or during production.  

a. 1 Month delay: If the problem is being fixed, wait it out. 

b. Multi-month: Accidents or fires might lead to delays of multiple months at a site.  

i. Maintenance contract with Stiebert? Response time? 

ii.  Some spare parts for critical items will be kept at one site and delivered to the 

site in need.  

iii. Can we recover time at the existing sites? Double shifts at other sites. Can the 

labour be moved easily? This is possible, but will be handled on a case-by-case 

basis.  

iv. How much of production capacity can be moved or recovered? 50% probably.  

 

SPECIFIC PROBLEMS: 

WINDING MACHINE 
1. The winding machine does no successfully lay one or more fibre mat layers any longer. 

Problems may occur with the control PC, wheels are not moving, or sensors are out of place. A 

winding machine expert will inspect the machine, along with a Production Manager. The 

manufacturer may be called to service the machine. A fishing line mat must be wound 

successfully before continuing with scintillating fibre.   

2. Parts or components fail and require replacement. Inform the Production Manager. 

Replacement parts will be shipped from another group or the manufacturer. A couple spare 

motors, sensors and an operating will be kept in stock. The manufacturer’s response time for 

part replacement is on the order of XX weeks. A fishing line mat must be wound successfully 

before continuing with scintillating fibre.   



WINDING WHEELS 
1. A winding wheel is damaged because the fibre mat does not release properly (failed non-stick 

release agent), and cannot be cleaned properly. It is possible to remachine a wheel up to 4 

times. The wheel would have to be sent to the manufacturer for remachining.  

2. A winding wheel is damaged because it has been dropped. A single wheel will be moved up to 

170 times and the risk of dropping it exists. If this happens, the shape of the wheel must be 

checked for roundness such that the matrix winding is not affected, and the wheel thread does 

not wobble with respect to the fibre placement beyond specifications. The threads must also 

not have been damaged. If possible, the wheel can be sent to the manufacturer for remachining.  

3. The threads wear down and no longer guide the first layer of fibre. Each wheel while wind 

more than 86 mats. Past experience has shown that the threads have not been affected by more 

than 50 windings. Again, the wheel may be machined up to 4 times.   

NON-STICK AGENT 
1. The mat has not released from the winding wheel cleanly, damaging the fibre mat. The non-

stick agent must be tested on a sample plate, if the chemical components are suspected, and 

not the application process. Ensure that the remaining non-stick agent is closed and sealed after 

use, as water penetration is suspected of degrading the non-stick agent components. A fishing 

line mat must be wound once the winding wheel is cleaned or remachined.  

EPOTEK EPOXY 
1. The epoxy on the fibre mat or foil cast mat has not hardened after 2 days and remains sticky. 

There are several possibilities.  

a. The humidity in the room is too high. 

b. The epoxy components have passed their one year lifetime.  

c. Improper mixing of the components. 

 

 

SUPPLIES, TOOLS AND COMPONENTS 
The following list is not entirely complete. It can be updated from the Fibre Mat Technical production 

manual being created by Thomas Kirn and Michael Wlochal. The units and costs are the amount 

estimated for one site. Kurchatov will need double this.  

WINDING  
Item Description Units Est. EUR 

(incl. 
tax) 

Epoxy (mat) EPO-TEK 301-2 (two components A & B) 18 kg / site 4757 

Epoxy (pin) EPO-TEK 301 (two components A & B) 3 kg / site 730 
TiO2 @ 20% by weight 4.5 kg / site 300 ? 
Non-stick agent  Mikon 205   4 litre / site 174 
Non-stick sealer Mikon 199 1 litre / site 78 



Wheel Cleaning 
supplies 

Microfiber gloves, wooden scraper, isopropanol (10 
litre?) 

 100 

Misc Supplies Disposable cups for mixing glue (i.e. COLAD 
mischbecher) 

2000 500 

 Brushes for sealer and non-stick agent application 75+75 450 

 Syringes & cannulas(1mm) for holding and applying 
epoxy components (10ml and 25ml/50ml) 

300 + 300 300 

 Residue-free (silicone) tape  300+ 
metres 

 

    
 

 

 

FOIL CASTING 
Item Description Units Est. Eur 

Black Foil 25 micron Kapton B/XC 8kg/1500m     300-524 Eur/kg  

Epotek Epoxy 301 25 micron layer (90 
min) 

20 ml/mat  = 6 kg 1585  Eur 

 

EQUIPMENT/PARTS 
Winding machine STC Stiebert 75,000 

Turning Machine ? ? 

Camera mvBlueFOX3, Matrix Vision 750  

Lens for Camera S5LPJ1390, sill optics 2570  

Mixer for the glue Smartmix X2 + cup + mixer 462  

Diamond Blade   

 

ADDITIONAL TOOLING 
Endpiece gluing jig   

Transversal diamond cutting jig   

QA optical scan jig   

QA ionizing radiation jig + Coincidence trigger  

Winding Camera Mount   

Wheel Turning and Holding 
Mount 

  

Wheel transfer cart   

 

HUMAN RESOURCES AND TRAINING 
Every person that is involved in winding a fibre mat shall be trained by an expert in the proper 

procedures according to the Fibre Mat Winding Technical How-to Manual.  



This training shall include the production of at least 2 fishing line mats and 2 fibre mats, supervised by an 

expert.  

The importance of the alignment and precision of the mat should be clearly demonstrated and made 

clear. Examples of a nominal fibre mat should be provided.  

 

 

ACTION ITEMS 
 Production Manager is ? 

 Update of the Production Management document 

o Aachen makes drawings: ep gluing, casting, cutting, mirroring, QA 

 Tool production working group meet next week. Doodle.  

o Who is making what tools? 

o Who is making the endpieces? Aachen does drawings and gets orders from companies 

o Crates tooling 

 What is the pit temperature? Defined conditions for transport, storage, etc. 

 Lab safety issues 

o Fume control: epoxy(heavier than air), non-stick agent (lighter than air) = Dortmund 

investigates 

 Study of the stresses of the temperature induced stresses: is it an issue? 

 Integrate scanner into Warsaw software 

 Finish Winding Mat Bible 

 

OPEN ISSUES: 
1. Correct geometry of endpiece: approval (this week, hopefully) 

2. 6-layer 0.275mm  vs 8-layer 0.350mm 

3. Steel vs Aluminum wheels 

4. Online camera monitoring. Needs two.5 weeks, then recheck status. Other systems can be 

developed if people and time are available 

5. Bump removal. Splicing with fast curing glue.  

6. Mirror foil: radiation hardness test results soon 

7.  The Sr-90 QA setup and production. 4 setups. 

 

 

 



 


