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	Aim of the visit: Observe the de-collaring of collared coil 2032 and indicate the expected defects in aperture 1.




	CERN participants: E. Todesco, C. Vollinger, also present: A. Musso, M. Bajko, 
F. Savary


	Persons met and function: P. Gagliardi, F. Galeazzi



REPORT

1st day

We left CERN in the morning of Tuesday, 18th November and arrived at Ansaldo at 14:30. When we arrived, the CC 2032 has already been ready to go into the press for removing the rods. We confirmed to Ansaldo personnel the positioning of the collared coil and discussed some problems with P. Gagliardi and F. Galeazzi concerning the email of the txt-files to be send automatically to CERN for each measurement (some txt-files were send with a delay of up to 4 days to CERN). The problem seems to be in the Ansaldo server due to the firewall for virus-check. Agreed solution: Mr. Galeazzi will de-activate the firewall for all mails send by their measurement system.

Around 15:30, collared coil 2032 went into the press. Present: Gagliardi, Bajko, Musso, Savary, Todesco, Vollinger. The removal of the rods was carried out without problems at a pressure of 550 bar and the CC could be moved to a working bench around 17:00. We marked the quadrant and the longitudinal positions on the collared coil where the two most severe damages were measured (around the positions 12 and 16, where field errors of about 16 sigma on b8 and 15 sigma on a6 were found). Position 12 is located about 0.5 to 1 m, and position 16 about 3.5 to 4.2 m from the coil center towards the coil end non-connection side.
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Figure 1: Expected defect in CC 2032 (movement of block no. 6 radially inwards).

Ansaldo personnel numbered the collar packages so that their original position remains traceable and opened the region of measurement position 12 first.  Around 18:00, the collar packages, the coil protection sheet, insulation and a part of the fishbone have been removed by Ansaldo personnel such that the region was visible. At this position, we could observe that the two conductors of block no. 6 were not glued to the rest of the inner layer and that they were radially shifted towards the cold bore by approximately 1 mm (see picture 1). This is exactly in agreement with the expectations from the simulation. It was agreed to proceed with a further coil disassembly of CC 2032 the following day.
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Picture 1: Movement of two conductors of block no. 6 radially inwards by about 1 mm around measurement position 12. View from top side.
2nd day
We arrived at Ansaldo at 9:00 o’clock. Meanwhile Ansaldo personnel had removed most of the collar packages. The fishbone has to be removed for a visual inspection of block no. 6, however, this removal risks to damage the coil. It has therefore been decided to seperate the two poles of aperture and to have a visual inspection of the inner layer from inside. The upper pole was turned upside down on a workbench. From the bottom side, we could see that the two conductors of block no. 6 were detached from the inner layer and displaced towards the beam center at various positions along the magnet’s length (see detailed list and pictures 2-4). The positions 12 and 16 could be identified and a conductor displacement confirmed.
We then put a metering rule next to the collared coil in order to precisely localize the defects. We start counting at the coil end, connection side with 0 m and go to the coil end, non-connection side at 13.56 m.

Although the displacement of the two conductors of block no. 6 was clearly visible, we could not observe any deformations on the cold bore insulation or on the cables of this block. 

In addition to the problems in the second quadrant, a displacement of block no. 6 in the 1st quadrant is observed. Although the opening of collared coil 2032 has been initiated due to the errors in the positions 12 and 16, we now also re-calculated the positions 3 and 4. The measured error pattern in these positions could be confirmed by an inverse calculation and is in agreement with the observed movement of the upper conductor on the inner layer in the first quadrant.
                          [image: image3.jpg]



Picture 2: Movement of block no. 6 and adjacent copper wedge radially inwards by about 1 mm around position 16. The conductors are no longer attached to the copper wedge. View from bottom side.
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Picture 3: Movement of block number 6 radially inwards by about 0.5 mm to 1.5 mm about a considerable length of the pole. View from bottom side.
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Picture 4: Two cables of block no. 6 are partially not glued together. View from bottom side.

List of defects observed at CC 2032:
· Defect in first quadrant. Last conductor on the inner layer detached and radially shifted inwards by approx. 1 mm, longitudinally from about 0.4 to 2.7 m; worst spot between 1.0 and 2.4 m (see picture 5). 
· Defect in second quadrant. Movement of block no. 6 localized at 3.70 to 4 m longitudinally.
· Defect in second quadrant. Conductors of block no. 6 and adjacent copper wedge moved inwards radially by more than 1.5 mm, longitudinally location from 6.0 to 7.25 m. At 7.25 m the copper wedge adjacent to block no. 6 ends, the onset of the next copper wedge is displaced (see picture 6); worst spot of conductor displacement located around 6.60 m (see picture 7).

· Defect in second quadrant. From 7.25 to 9.20 m, the cable is loose. The fishbone has been partially removed during de-collaring in this part which could contribute to this effect. The two cables of block no. 6 are only piecewise glued together; worst spots concerning the glue are at about 8 m for a length of about 10 cm, and longitudinally from 8.40  to 8.80 m.

· Defect in second quadrant. From the visible inspection, it seems that the copper wedges are in place, but the cable is detached for a length of about 1 m between 10.90 and 12.10 m; the two cables of block no. 6 stick together; worst spot for the detachment is around 11.80 m with a radial movement of the two conductors of about 1 mm (see picture 8).

· Defect in second quadrant. Block no. 6 is detached radially inwards by about 1 mm, position of copper wedge looks OK; worst spot located at about 13.40 m (see picture 9).
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Figure 1 : Magnetic measurement of multipole b8 with respect to the collared coil length as measured in Ansaldo after de-collaring (blue triangles : standard measurement ; black dots: measurement with short mole). The dashed line indicates the yellow alarm limits (4 sigma), the continuous line the limits of the red alarms (8 sigma).
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Picture 5: Defect in first quadrant: Displacement of last conductor on the inner layer by approx. 1 mm.
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Picture 6: (Left and right) Mismatch of copper wedges at around 7.25 m in longitudinal position.
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Picture 7: Conductor and copper wedge displacement radially inwards of approx. 1.5 mm at around 6.60 m in longitudinal position.
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Picture 8: Movement of the two conductors of block no. 6, second quadrant of approx. 1 mm at about 11.80 m in longitudinal position.
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Picture 9: Defect in second quadrant: detachment of block no. 6 radially inwards by about 1 mm,
CONCLUSIONS, RECOMMENDATIONS & ACTIONS

The opening of aperture 1 of collared coil 2032 as recommended by CERN is now proven to have been the correct decision. Large defects in the inner layer of the upper pole have been found in several positions along the total coil length. These observed defects resulted in a radial shift of block no. 6 towards the cold bore of 0.5 to 1 mm as was predicted from the anomalies we observed in the magnetic measurements.

Notwithstanding the visibility of these defects, the coil underwent the assembly process. We therefore recommend in agreement with the project engineers to improve the visual inspection of the coil before assembly. This bad quality of the coil could be due to either winding or curing, and the source is under investigation by the project engineers and Ansaldo personnel. We have a strong numerical evidence from magnetic measurements that collared coil 2035 also presents similar problems and therefore we would like to emphasize our suggestion of de-collaring to the project engineers.
	Distribution list:
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