Visit to University of Rome (Tor Vergata) and to General Tecnica

      19,20 Dec 2002






Austin Ball 

                   (with Pino Iaselli, Song Jong Hong & Kyung-Sei Lee)

Univ of Rome, discussions with Rinaldo Santonico

I have added  some comments ( Ian Crotty)

Very open discussion of the origins, development and open issues in RPC’s

RS:  somewhat bemused by the recent Babar decision to reject RPC’s in favour of LST’s.

     : amused that the known temp coefficient of resistance of bakelite (3 deg C =100V in 

       gas gain) re- discovered so many times.

     : wonders why the (better) L3 experience is never quoted..

     :  has a vested interest in our success, since another experiment rejecting

         RPC’ s could make his life difficult.

(AB comment: the overall % surface inoperative in Babar is not substantially worse than that achieved by the best of the LEP LST calorimeters and the intrinsic max efficiency of LST’s per layer is no better, due to cell walls.)

Choice of bakelite wrt other resistive plates : 

flatness and surface finish are unbeatable at the price

And the hardness ( scratch resistance




conductive plastics in 1010 range expensive.

And difficult to make with loaded materials as the rate of change is very steep between 108 and 1010 (.cm.

Nevertheless requires special runs at manufacturer involving about 0.1% of total output.

Yield is about 50% after resistivity testing by client.

Decision to use oil was to “recuperate inevitable pre-assembly damage and residual imperfections on Bakelite surfaces”, which could not be easily eliminated.

Linseed oil bulk resistivity believed to be approximately consistent with bakelite. (1010) 

Babar had conflicting results for this measurement

Surface resistivity: could be measured by resistance between plate  contacts on a PET film, 

Or other sufficiently high energy substrate, such as treated Teflon (1015 (.cm) or Kapton  which is 2 orders of magnitude better electically.

first dry, then oil coated. This would resolve the discussion (AB vs Fabio Sauli)

around the effect of water vapour on the current flow…is it through the volume of oil + bakelite, or within the oil surface.

The fast component ( ~1/10 of total) may travel on the surface oiled or not  due to its steep front, while the slow component is perhaps bound to work its way through the bulk if the oil and bakelite.melamine are similar in ‘(’.

RS believes the upward drift of bakelite resistivity with time will be sufficiently slowed but maybe not entirely stopped, by adding water vapour to the gas. Thus ATLAS and CMS are coherent in their thinking on this issue.

There is also the component of Polymerisation and/or additives which will both , by lowering the Tg , reduce the effective  ‘(’. That is the polymerisation will surely continue over a very long period compared to that of the production duration and equally over a similar time any additives such as plasticicers will disorb.

Graphite layer: thicker application around contact essential to counter tendency for graphite “evaporation” 

Austin can you please explain this, ‘evaporation’

 (I recall my similar experience  with TARDIS drift chamber prototype graphite electrode sprayed on ABS).

Upward drift of graphite resistivity with time could be partially offset by starting with lower than 100 kohm/square.

Is this not the graphite coming unstuck from the bakelite ? 

These discussions and the visit to GT were organized by Rinaldo on the understanding that the information will be used by CMS collaborators in the context of scientific research, and NOT for commercial benefit, particularly not for commercial competition with GT.

General Tecnica

Considerable expansion and many noticeable improvements since my last visit 1 Dec 1999, especially cleanliness: 

entry vestibule

 use of  dust mats and shoe covers. 

                       not “clean room” quality but adequate for gas chamber contruction.



Semi-automatic  spacer gluing device: impressive.

Staff appears well trained and efficient (most apparently retain agricultural small-holdings and are thus to some extent flexible in working hours as demand fluctuates).

Hot melt used to glue insulating PET film onto graphited Bakelite surface

Which Hot melt should/will Korea use ? How do we qualify what they manage to reproduce, peel test at the beginning and then again during  production QC.

: key parameter is the time between application of glue to polyester film and application of film to bakelite….only of order 2 s (¼ of final roller turn) cf 10s in presently in Korea.

Preheating of bakelite.using intense local heating of short duration (resistive heated hot plate)  

W. Dominick found permanent changes in the resistivity after going in to an oven, time and temp unknown. 

As noted last visit, the machines require about a day to stabilize into satisfactory operation.

The hot melt used retains some adhesive properties (ie suppleness and stickiness) even after curing.  

This is VERY important to stop arcing and HV treeing to the edges and over to the opposite side. I saw  a set of Barrel gaps with 75% failure due to this edge failure. 

Importance of hot melt seal around gap edges: 

-insulation  here appears to have a large influence on intrinsic noise of oiled chambers.

See my previous point, this is perhaps due to unseen treeing producing corona (noise off the edges of the PET film.

-particularly difficult (needing skilled operator) around gas feedthrough insert).

We discovered a hole into the gas gap near the gas inlet/out that appeared to have been arced through, this would not have been stopped by good or made HM edges, but more points to some threat of  HV treeing from the inside and of course a gas leak.

Oiling procedure

Separate room

300 litre tank, 

How many of sq. meters of gaps does that do ? It is too naive to say 0.3m3/10 x 106m3  gives 300 000 m2  ?  Who supplies the oil ? How do we know that the company still makes the same as the one that GT bought last time ? What is the vendor declared pot life ? Shouldn’t we measure the viscosity ( as body shops do) from time to time ? There is some QC to do on the initial purchase .

room temp 30 deg C, RH 35%. Oil  pipes are food quality Tygon.

Oil shelf life about 6 months @ ?(C after opening , who reseals it and how ?
Oil mix by volume:     30-40% linseed oil


 

70-60 % heptane  (98-99% pure, 15-20 euro/litre)

Independent of viscosity ?

How often is a new batch prepared ?

Oil is filtered “offline” through a 5 m filter.

This is larger than the oil thickness !

Who supplies the filter, and how often is it changed ?

 The partial polymerisation of the drained oil

is believed to be slight and not a concern. (should limit exposure to air and heat)   

Shouldn’t we be doing the filling process ‘under N2           

Time for oiling (filling/emptying) about 3 hours.




1.5 m/hour oil pressure increase during filling.




0.75m/hour oil pressure drop during draining.

 This must be ‘drip dried ‘. Are we sure that no oil is still coming out after lowering the oil level , if oil is still coming out where does it go ? 

About 20-25 gaps are oiled simultaneously:

                        Filled from bottom,

Oiling fixture restricts max required oil gauge height to minimum                    allowed by gap geometry (gap on edge)

Outer framework and packing spacers restrict/eliminate bulging

under pressure.

 If the packing only resticts the bulging then I fear for the gaps. Is this part of the cause of spacer failure ? This may be an order of magnitude over the 20mBar test pressure.  

Pump connected to gaps at highest point controls pressure during filling ..the oil is drawn into the gap from the reduced pressure on the upper exit.

 Here the pressure must be known and calculated not to collapse the chamber as this will apply traction loads (due to bending ) over the spacer.

Polymerisation time about 48 hours:

flowing humid air (35-40 % RH) at 30-35 deg C at 20 volume changes /hour.

Air is filtered with sub-micron filter to eliminate deposit of dust particles on

 sticky unpolymerised surface

Again, filter type and maintenance ? Is the air pushed or’ pulled’ through the gap.

Is the pressure measured ? This is done while the gaps are still in the clamping rig ?

Humid air prepared by splitting air flow in two, bubbling one part through water,

then recombining.

Some QC must be applied to the gaps , by opening , HV/Amp and ‘touch’ method for defining the polymerisation.

ATLAS uses single cycle leading to a 2.5-3.0 m thick oil layer.

(RS rejected multi-layer due to risk of incomplete polymerization of  innermost layer(s).

I estimate the whole facility could be reproduced for 20-30 kCHF + labour.

Does Korea agree ?

CMS chamber construction #49 (first at GT) was under construction by Bari team..

Noted that the pre-stressed gap support bars limit any finished chamber to a particular, small range of phi and necessitates special handing when RPC  outside design orientation. Production plan has been re-adjusted to match DT installation planning driven by lack of mini-crates…thus YB0 RPC construction will be halted.

Variety of chamber types kills planning flexibility.

Organisation looked good.

Conclusion, actions and other comments.

Setting up of oiling facility + correcting hot melt problems looks feasible by end Mar.

RS should be (sparingly if possible) consulted by be-mail/phone about any unclear details or initial teething problems. RS should be invited to Korea only once the facility is working to first order, and the final round of tuning/ commissioning problems are being tackled.

AB comments: think about the optimum geometry for the RE  gaps during oil filling, plus protection against pump failure.

Please explain ‘pump failure’ ?

Arrange asap CMS visit to bakelite production plant and resistivity monitor station when in action.

(AB, PI, Korean rep + Ian Crotty).

Ian C to spend a few days at Pavia during the next barrel bakelite production & measurement campaign. (400-500 sheets of 3.2 * 1.3 m)

Can we discuss this to clarify asap
Korean group to attempt measurement of surface resistivity of oil layer.

All bakelite for endcaps should be procured and measured in a single campaign: estimated duration about one week. Pavia facility can be used but must be staffed by RE personnel including IC.  

Cutting scheme will strongly influence total quantity needed. 

Sijin and I have worked on this 

Invite former and present Korean ministers of science to CERN.

