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SLS Hydrostatic Level System (HLS) Design Parameters

1) What should be the working fluid in the HLS system, i.e. what additives should be added to the water in order to prevent the growth of organics, minimize corrosion (especially of the sensors), minimize the surface tension (meniscus) effects, minimize salt deposits on the sensors, ...? Should the water be demineralized and chlorinated? Also, in one of ESRF articles it is stated that for temperatures above 30 C (as you know our environment working temperature should be around 29 C) an appropriate fluid must be used?

The literature unfortunately is inconclusive with regard to advice on this topic. After talking to a number of people operating HLS systems and based on SLAC experience, I would say, a majority recommends using de-mineralized water. While it is more acid and therefore aggressive than potable water, it will not deposit minerals in the lines and sensors. To reduce capillary forces, 0.15% of a surfactant (Jet Dry) needs to be added. About the same amount of bleach or copper sulfate (pool maintenance shops) will prevent algae growth.

Operating the system at about 29ºC should be no problem. Several CERN installations run routinely a 27ºC and I have not heard of any problems. In any event, to prevent condensation of water vapor onto the sensor surface, this surface is heated to few degrees above ambient temperature.

2) What should be the layout of the filling station (pumps, valves, air inlet opening, ... - a detailed sketch would be useful here), where should it be positioned, what should be the filling procedure (by a dripping valve?), how often should it be performed, how is the water level monitored and what can its excursion be (min, max)?

I don’t have a layout yet. During my visit I will visit CERN on Wednesday. One item on my agenda is to find out more about the design of their re-filling stations. In principle, the design involves a dripping valve driven by an HLS sensor feed-back loop. We will probably experience significant evaporation and have to re-fill daily. However, a re-fill does not necessarily interrupt the data stream. We will only see a bias in our data during the re-filling times, which shouldn’t last for more than about 10 min.

There will be only one air inlet, probably positioned at the re-fill station. The re-fill station should be positioned inside the ring. Otherwise we would re-fill with significantly colder water. While colder water, because of the half-filled-pipe layout, will not cause 1st order errors, it will cause 2nd order effects like changes in viscosity or thermal expansion.

3) What could the estimated settling time after filling (e.g. for 100 microns, 0.5 mm and 2 mm level change) or different sources of perturbation be? If this time is extremely long, could the system be somehow (valves) split into smaller sectors? What stability (microns) of the water level could be expected (see also the questions below)? How long (in time) should thus the filling time be (for e.g. 100 microns of water level change)?

[image: image1.wmf]The literature presents a number of approaches and solutions. I looked in detail at those three out of a total of about 10 different solutions, which seemed to make the most sense. I went back to the sources and tried to re-derive the formulas. Two yielded fairly different results while the other one had an inherent “units” problem.

I based my calculations on a simplified lay-out, a 300 m long system with a sensor at either end. I then assumed a one time height excursion a one end of 1000 µm. The more optimistic formula found a settling time of 56 sec and the other one of 162 sec. In my opinion, the latter one is more realistic. For the case of a 100-µm excursion the settling time is estimated to be 101 sec. If we would valve off a sector (entity of four girders) the estimates of settling times for excursions of 1000/100 µm are 40 and 30 sec, respectively.

4) How exactly should the "wave breakers" that you proposed look like, how many of them should there be, where should they be positioned?

Wave breakers should protect the wells from wavelets amplified in the longer pipe runs. I would suggest to put one at both ends of a sector, one in the middle of the pipe running along the girder, and maybe one in the pipes going to the aisle side of the girder. Please remember that wave breakers are a fairly new concept, I intend to verify their effect during the test period.

5) Is it possible to estimate the influence of the vibrations (i.e. if the girder is oscillating with a 1 micron amplitude, the pipe which is fixed onto it could amplify this dynamics producing local waves which could hinder the accuracy of the system)? Can somehow these effects be minimized?    

I tried a computational prediction but did not succeed. On the other hand however, I don’t believe it to be a problem since in the design we tried to minimize the effect. The optimum well diameter should be kept small to limit the vibration effect, but on the other hand be made large (> 150 mm) to prevent capillary wall effects. The diameter chosen is a compromise. The capacitive sensor will integrate over the measurement area, hence, average wavelet valleys and tops. The integrated average surface should be at the elevation of an undisturbed surface. In addition, since it is not expected that the water will resonate with the 1 µm vibration, I don’t believe, we need to be concerned. There could be amplification in the longer pipes, if the vibration propagates in the pipe direction. However, the wave breakers will limit wavelet growth.

6) How about the thermal effects on the accuracy of the system (e.g. if there is a constant temperature difference between two pots causing stratification of the water)? Should in this regard the fluid be allowed to circulate in the pipe with a very small speed thus homogenizing its conditions? Should the pipe be isolated or two walled in order to minimize evaporation/condensation effects (at ESRF the evaporation is estimated at 24 microns per day)?

Evaporation will be significant, but should not pose a problem due to controlled re-filling. 

Again, temperature effects should not create 1st order errors due to the half-filled-pipe lay-out, which guarantees that there will be no vertical segments. Changes in density as a result of temperature stratification create only an error in vertical components of the pipe run. These errors can be significant and increase with higher water temperatures (At 4ºC 1 cm vertical component causes an error of only 0.2 µm per ºC temperature difference, while at 30ºC of about 3 µm). Experience has shown that measuring the actual temperature profiles and mathematically correcting yields only limited success.

7) What is the influence of eventual (more or less sudden) pressure changes (e.g. doors openings) in the air at its (single?) inlet?

Pressure changes will cause a pressure wave in the system and will lead to a measurement bias. Again, positioning the re-fill station inside the tunnel will avoid the above cited scenario while the machine is running. However, we will probably be able to see from the measurement data when the tunnel is opened for access.

I have seen somewhere in the literature a quantification of the effect of a pressure wave, but so far wasn’t able to find the source again.

8) Should the influence of the tidal effects be considered or it is negligible?

Absolutely negligible.

9) The girder supports where the pots will be positioned will be bent a little (this is the place where the 8 t of girder weight are supported). The sensors will thus be slightly inclined (statically). Could this have an effect on their readings or the foreseen averaging (how many measured data should be averaged?) and integration should prevent any inaccuracies of this kind? Should the pots themselves have reference points for alignment purposes?

We intend to create a three-point contact by putting washers between surface and well, hence, the bending will not create an assembly problem. Also, there is no need to position the wells absolutely horizontal, again the capacitive sensor will integrate over the measurement area.

We (Prof. Ingensand, E. Meier, myself) have discussed the idea of integrating an alignment reference point quite a bit and so far have decided against it mainly for cost reasons. We could not see that the gained advantage would justify the increased costs.

10) What should be the optimal measuring frequencies?

A question to be discussed with Lenny.

11) Should the radiation resistance of the pots be tested at some of the working SR facilities? How about the resistance of the pipe/valve network?

We had always planned to install a few wells in Trieste, if possible. I cannot see any radiation damage potential to the stainless pipes. Any valve in the immediate vicinity of the beam line should not be of the cheap rubber gasket type, although radiation at the HLS pipe level is supposedly very low. 

12) What should be the maintenance procedure for the system and how often should it be performed?

To be determined. 

In any case, I will meet with D. Martin who is responsible for the ESRF HLS system at the latest in October, and this question is one item on my agenda.

13) In one of ESRF articles they suggest to heat the sensors above the water temperature (by about 1 C) in order to prevent condensation. Is this necessary and/or useful?

Implemented in our design.

14) At ESRF they have witnessed a rather big electronic drift of the system so that they are using the HLS only once every 6 months to realign the ring and check the readings of their positioning feedback system. What does our system   have (or what should it have) in addition to the Fogale Nanotech's one that would allow to avoid or minimize this effect?

There will be drift, how much is hard to predict. However, I don’t understand why this drift would cause limited availability of the system. Mathematically, it is very easy to remove the drift noise from the data with the one limitation that if you have a global settling effect in the same frequency domain you will not see it. Literally, you drain the baby with the bath.

15) Should the pots have drain openings at their bottoms? How should the water level in the whole system be lowered in case of need?

I don’t see a need for a drain opening, since the well bottom is not lower than the lowest point of the pipe. I certainly recognize that it will be difficult to completely empty the system. Some part of the pipe run will almost certainly sag and create a water pocket. The pipe system should include drain valves, which could be connected to the building drain system, unless environmentally not permitted.

16) Although at this stage the question is not really useful (it is already too late for changes of this type), do we really need 4 pots per girder? A configuration with 3 pots per girder would imply a saving of at least 50.000 U$D. 

In the early days of the system configuration discussion it was felt that there was the potential for girder twist induced during operation. Also, the addition of a fourth sensor was seen an easy way to obtain some system redundancy.

Other questions which need to be addressed:

Cleaning of stainless pipes and sensors after installation, do we need to flush with a cleaning solution?

Calibration of sensors and electronic, prior to installation and in situ?
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