January 23, 2017
Detailed analysis of the eddy currents in the chosen version of the tuner’s shell
Preliminary study results did not show significant gains is the ”eight segments” design of shell is used. It was agreed during the Jan. 19 meeting that a simple version of the shell will be tried where slots in the shell do not cross the flanges. This version promises structurally sound clamping system, which the first iteration on the shell design does not provide (see figures from the Kevin’s report):
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  Instead, the following layout of the piping can be implemented:
For the inner shell:
[image: ]
For the outer shell:
[image: ]
The COMSOL model is updated to have corresponding number of slots in the shell. 
Things to model:
1. Transfer functions at specific points  redefine the points!
2. Field map at injection on the surface of the last garnet block
3. Impact of the current rise
4. Impact of functional permeability. 
Jan. 24, 2017
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[image: ]
As no space were on the P:// drive to record the new files, some 3D files were transferred to the folder 
Q:\Booster_TunableCavity\Archive_COMSOL_Magnetic
[image: ]
[image: ]
1.	Regular current rise: dI/dt = 2.2 kA/ms
Injection at t = 6 ms
Fig. X compares results with what we have for the case of the slow rise with the old geometry (different pattern of the simple slots – Fig. X-a) 
[image: ]  [image: ]
a)  						b)
Fig. X. a) – old pattern; b) – new pattern
[image: ]  [image: ]
a)  						b)
Fig. XX. a) – old pattern; b) – new pattern
There is some difference because points ## 5 – 10 are now between the slots. The difference is not significant. 
Field on the surface of the garnet block #1:
[image: ]
Field on the surface of the garnet block #5:
[image: ]
These are not right picture as the permeability we have here (on the surface) is <2, but we want it 5. The plane at X = 118 mm will be used later as it fully inside gives the block. In this plane mu = 5.  
Field along the edges of the garnet block #1:
[image: ]     [image: ]
a)     							b)
Fig. XXX. a) – old pattern; b) – new pattern

I adjusted the conductivity for coating (it was like 3 mm and no coating)
Only want to see time from 5 ms to 8 ms by 0.25 ms steps. (2:45 p.m.)  
[image: ]  [image: ]
Identical sutface plots  
[image: ]
Changes are very insignificant  main impact is from the azimuthal currents, not due to the difference in conductivity.

2.	Slow current rise: dI/dt = 1 kA/ms; Injection at t = 11 ms
[image: ]  [image: ]
At the moment t = 11 ms (at injection), the magnetic field in the plane X = 118 mm is between 180 Oe and 350 Oe.
At X = 119 mm, the minimum field is a bit lower and the maximum field is a bit higher.
Still we need to use permeability dependent on the field later.
[image: ]
Fig. X. Magnetic field (Oe) in the plane X = 118 mm. 
[image: ]
Fig. XX. Magnetic field (Oe) in the plane X = 10 mm.
[image: ]  [image: ]

3. Fast current rise: dI/dt = 4 kA/ms; Injection at t = 3.75 ms
[image: ]   [image: ]
[image: ]     [image: ]
	X = 118 mm							X = 10 mm

[image: ]  [image: ]


Summary: Transfer functions for the representing points and different current rise rates
[image: ]
The pattern is very regular: the 2.2 A/ms is always in-between  I need to compare only the two cases: the fastest and the slowest.
The maximum difference in the transfer functions is ~10%. 
For the critical X = 120 mm plane, the slow rise is just ~2% better. 

Cases without slots on the cylinder part. 
Nevertheless, there are slots in the ends.
[image: ]  [image: ]

1. Slow current rise: dI/dt = 1 kA/ms; Injection at t = 11 ms
[image: ]  [image: ]
[image: ]
Fig. X: X = 118 mm.
[image: ]


2. Fast current rise: dI/dt = 4 kA/ms; Injection at t = 3.75 ms
[image: ]
[image: ]
[image: ]

Summary:
[image: ]
Next:
1. Non-linear permeability
2. DC bias sub-coil
3. Permanent magnet bias

Febr. 01, 2017
Non-linear problem: 3D_No-Slots_Fast_Jan31_Mu-B_2017
The shape of the mu curve was adjusted to reduce the initial permeability:
[image: ]                   [image: ]
Starting B = 0.11 T (mu = 3.2) the data is the same as for the measured static permeability curve.
In the plane X = 118 mm, calculated permeability is shown below at the injection moment:
[image: ]
It changes from ~3.2 to ~3.4.
Because the maximum permeability in the used curve is 3.5, most probably we miss some information due to this truncation. 
For the plane X = 8 mm, 
[image: ]
Permeability here changes from 3.1 to 3.35. Azimuthal variation is visible.

Another iteration: updated mu(B) curve to increase slightly the maximum mu.
[image: ]           [image: ]

Convergence was not reached at t = 2.9 ms 
The shape of the curve was corrected shape to make it smoother, but this did not help much as the last convergence was at 3.35 ms. 
Another adjustment with the maximum mu = 4.2  the case stopped converging at t = 3.66 ms.
[image: ]            [image: ]
Nevertheless, we are almost on the flat part of the injection cycle

[image: ]   [image: ]
[image: ] [image: ]
Fig. XX: X  = 118 mm
[image: ] [image: ]
Fig: X = 10 mm
Another adjustment with the maximum mu = 4.1
[image: ]                               [image: ]
Still no convergence, but this time we reached t = 3.94 ms, so we are past 3.75 ms injection time.
[image: ]  [image: ]








X = 118 mm:		mu	↓					H (Oe)  ↓
[image: ]   [image: ]

X = 10 mm:		mu	↓					H (Oe)  ↓
[image: ]  [image: ]
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