CERN, 2/6/2004

Report of the Visit to DALMEC in Cles, Italy on May 27th 2004

Visit by Alfredo Placci, Mario Scandurra and Lucie Linssen

We were received by Giorgio Conter, production responsible at DALMEC. 

DALMEC Cles (headquarter) employs 180 people. They produce 9 pneumatic manipulators per day. Almost all manipulators are prototypes built according to custom specifications. About 40% of the manipulators built are for the car industry. Most of the individual mechanical manipulator components are produced in-house. 
The EE manipulator was ready for testing. For the test we used the 42 kg test-piece supplied by IC/RAL. We asked for a number of modifications to the functioning of the manipulator (see details below). Most of these modifications were carried out on the spot by the DALMEC technicians. At the end of the visit we were satisfied with the functioning of the device with the exception of the supercrystal rotation/inclination near the EE back plate. DALMEC is presently working on a better control of the vertical rotation.

See accompanying photographs. The photographs were taken in the rather crowded DALMEC assembly hall, which explains why they do not easily provide an overview picture of the full manipulator.

The manipulator will be delivered with an extensive manual in both English and French, so you do not really need to go through the effort of reading the text below.

Compressed air supply and booster:
The inlet supply of compressed air is adjusted to 0.45 MPa (approx 4.5 Bar). The air supply should be clean, without oil. The booster unit boosts the pressure with a factor ~1.98 to ~0.9 MPA at the outlet. The booster includes an anti-condensation filter and a micro filter (0.3 μm). The booster is guaranteed to 40 Mcycles without maintenance.

The air inlet on the manipulator is adjusted to 0.85 MPa. The air inlet system of the manipulator contains a 40 μm filter. The manipulator is designed for a nominal maximum weight of 55 kg. (In fact this means that weights up to 75 kg can be handled.) An adjustable pressure regulation valve on the air inlet is set to provide security. Whenever the load weight exceeds 55 kg the manipulator will block.    

We had to make a choice for the manipulator behaviour in case of a loss of the inlet air pressure. We chose to have the manipulator block completely in its actual position when the fault occurs. In this position one can still release some of the pressure with the help of a screw driver in order to perform a controlled deposit of the supercrystal. (The alternative would have been that the module would have blocked during 1 minute approximately, after which in would have fallen down very slowly. We considered this option too risky). Any drop of the inlet pressure will give rise to an audible alarm. 
Brakes:

The manipulator has 3 vertical rotation axes:

1. On the main support axis
2. Connection point between the first (yellow) and the second (yellow) arm

3. Connection point between the second and the third (red) arm

The first two rotations are equipped with a disk brake; the third rotation cannot be blocked. We did not consider that this was a problem. The two brakes and the main vertical lift of the manipulator can be blocked using a knob on the operator panel. The two brakes as well as all air valves will block in case of a pressure drop.

Main vertical movement of the manipulator:

The vertical range of the manipulator is sufficient. In its lowest position and with the supercrystal in vertical orientation, the top of the positional spacer sits at a height of 70 cm above the floor. The top supercrystal row on the EE back plate (2.4 m height) can also be reached correctly. There is good manipulator balance equilibrium in the central part of the vertical movement range. The balance equilibrium is less good at the lower and upper part (~50 cm each) of the vertical span. In this case the pressure needs to be increased using a turn knob. This will probably have some practical consequences for the operator when mounting the upper and lower rows of supercrystals. However we did not judge that this will be a serious problem.
Manipulator balance with and without supercrystal:

Once the supercrystal is screwed onto the manipulator arm, the manipulator needs to be put in balance including this additional 42 kg weight. This is done by pressing the “balancing” button on the operator panel. As a consequence the air pressure in the main piston (piston for vertical movement) is topped up and the manipulator is in equilibrium including the supercrystal weight. The “balancing” button only works when the safety switch is pressed. This switch is pressed by the supercrystal itself when it is attached to the manipulator. A display gauge on the operator panel indicates the status of the safety switch.
When the supercrystal will be attached to the EE back plate and the manipulator will be detached, the manipulator arm should not undergo a sudden vertical movement. This is achieved by performing the “insertion no-load balance”, so by releasing an exact amount of pressure from the main vertical piston. Initially this could be done by pressing a simple button labelled “insertion no-load balance”. If this button would be pressed by accident, the supercrystal would drop very quickly by at least 50 cm. We considered this too risky. The operation of the “insertion no-load balance” was changed for us, such that 2 buttons need to be pressed simultaneously. In addition a valve on the corresponding pressure release was changed to make the pressure drop slower.
Attachment to the supercrystal:

The fixation head to the supercrystal contains 4 screws that fit to the holes in the positional spacer. We asked to change the screws from the present aluminium screws to stainless steel screws.  The tapped holes in the positional spacers need to be at least 13 mm deep. The fixation head can be rotated in order to allow for fixation to supercrystals in two orientations (mounting from the left and mounting from the right). (We checked that the fixation head can never be rotated accidentally when the supercrystal is already mounted on it.) The fixation head also contains the safety switch (see previous section).
We noticed that there is a problem to screw the manipulator to the supercrystal when the supercrystal is presented on a “table” in horizontal position. At rest the manipulator head is in exact horizontal position whereas the 4 tapped holes in the positional spacer sit at a small angle. We did not ask to cure this. Most likely we will have to present the supercrystals in the Dee lab on a trolley with a slightly tilted platform. We do not think that this will be a problem.

Vertical rotation of the supercrystal:

We encountered problems with the vertical rotation of the supercrystal. Initially the vertical rotation was too fast and not smooth. It would exclude the ability to position the supercrystal at the correct vertical orientation in front of the EE back plate. On our request the movement was made much slower (valve # 53). However, the result was still not satisfactory. The movement was slow enough. However, once the supercrystal was in horizontal orientation, pressing the rotation switch would lead to a reaction delay of >30 sec (time to fill a piston at low speed). In fact, any time the rotation movement was stopped (for example when approaching the final matching orientation to the back plate) a new dead time was created. We have asked to improve the vertical rotation. 

We have asked for a smooth rotational movement and an ability to stop the vertical orientation with a precision of 0.5 degree (to match the angle of the positional spacer in front of the back plate). We feel that this demand is rather at the limit of what can be achieved with pneumatics. We do not yet know to what precision this demand can be satisfied and whether there will be any extra cost. 
Transportation of the manipulator inside the Dee lab:

The full weight of the manipulator is 1594 kg (including supercrystal). For transportation it needs to be folded near its main axis. Transportation with a fork (transpalette) is possible (though heavy!). The use of the hook for the overhead crane was also demonstrated.

When not in use, the manipulator needs to be folded near its main axis. Lock with the chain. Remove air supply (audible alarm will go off for ~20 sec!).

Other things that we checked:
· Fixed fine adjustment of the manipulator nose is foreseen with the help of bolts and nuts. For example, a very small rotation around the CMS “beam-axis” can be adjusted. 
· The manipulator will fit in all necessary orientations inside the OPAL frame. However, near the edges it will not be fully trivial to remove the 4 attachment screws from the positional spacer.

· The manipulator clearance to any neighbouring row of supercrystals already installed on the EE back plate is sufficient.

· When mounting supercrystals on the top row of the EE back plate, the total manipulator height is approximately 3.6 m. This is compatible with the Dee lab roof.
· The supercrystal can be rotated beyond the vertical orientation (actually up to ~110 degrees wrt horizontal) to facilitate the mounting of the calibration fibres.

· When the supercrystal is in vertical orientation it will sit at a distance of about 15 cm from the EE back plate due to the shape of the manipulator nose (see photographs). Hopefully this is not a problem.

· The manipulator can rotate around its principal vertical base support axis over (2 times) 360 degrees. Given the large lever arm, this means that one can probably mount all supercrystals on a full Dee without displacing the manipulator foot.

· The manipulator will be mounted by DALMEC technicians upon delivery to CERN.

· Lots of settings of the manipulator can still be adjusted by us at CERN. They are well documented.
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