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[image: image3.jpg]1. Prestress at 300 Kand 1.9 K

e Azimuthal prestress — coil deformations — field quality
e |t has been measured in all prototypes

Prestress at 1.9 K versus prestress in collared coils at 300 K
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[image: image4.jpg]e Deterministic linear relation plus an offset

o.=0.5(0y — 15)
e Random fluctuations of the order of 10 MPa (99.7 % c.l.)
e Good control of prestress loss

e Simple behaviour - the same for short and long prototypes,
single and double apertures

e Having a strong prestress loss, coil deformations affect more
measurements at 300 K than at 1.9 K (roughly linear with
the prestress)

Modeling prestress loss

e Prestress loss can be modeled in terms of material proper-
ties (analytically or FEM codes)

e We are improving these models, now finding a better agree-
ment with measured data

e We can now evaluate the effect of deformations on field
quality with a FEM code (ANSYS) and a magnetostatic code
(ROXIE)



[image: image5.jpg]Prestress loss: measurements (dots) vs. model (solid line)

e Experiments and tests are in progressto h
of the model and a better knowledge of its

— Sensitivity of prestress on shim size
— Sensitivity of field quality on shim size

— Measurements of thermo-mechanical
coils

ave a finer tuning
limits

properties of the



[image: image6.jpg]2. Field quality at 300 K

e Available data on collared coils at 300 K, odd multipoles

MBP2N2 MBP201
Ap. 1 Ap. 2 Ap. 1 Ap. 2
b3 3.8 2.3 -1.1 -3.0
bs -0.16 0.01 0.37 0.27
by 0.79 0.85 0.70 0.66
b 0.27 0.27 0.30 0.31
b11 0.75 0.75 0.76 0.76
MBP202 MBP2A2
Ap. 1 Ap. 2 Ap. 1 Ap. 2
b3 6.3 5.3 -1.9 -1.7
bs 0.85 0.45 1.52 1.10
by 1.01 0.99 0.61 0.52
b 0.34 0.30 0.45 0.44
b11 0.78 0.78 0.76 0.77

e Average multipoles: systematic - sigma: random
e For the moment no estimate of uncertainty is possible

e Strong correlation between apertures of the same magnet




[image: image7.jpg]2.1 Systematic part - odd multipoles

Offset of -3 units of b3 and +1.5 units of bs with respect to
nominal design

If the effect of coil deformation, collar magnetic permeabil-
ity and shims different from the nominal is taken out, the
agreement with nominal is good

Measur. Elab. Nominal
b3 1.2 5.7 4.0
bs 0.55 -0.80 -1.0
by 0.76 0.89 0.7

The offset is mainly due to collar deformation - is smaller on
dataat1.9K

Additional effect of collar magnetic permeability
Joint analysis with MTA in progress
Effect especially strong on the b5

High order multipoles are in good agreement
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e Prototypes were built with components different from the
nominal to explore different configurations

e Shim dimensions and azimuthal prestress at 300 K:

N2 o1 02 A2 Nominal
Shims (mm)
Internal 0.43 0.32 0.47 0.20 0.40
External 1.12 0.98 1.09 1.00 1.00
Prestress (MPa)
Internal 62 51 55 50 60-90
External 77 55 64 52 60-90

e The random part of the magnet multipoles is very wide for
bz and bs, beyond spec.

e |f the contribution due to different shims is taken out, the
random part agrees with the target

Measur. Elab. Target
b3 3.8 1.5 1.4
bs 0.58 0.45 0.42
b7 0.19 0.07 0.22




[image: image9.jpg]2.3 Even multipoles - assembled cold mass data

MBP2N2 MBP201 MBP2A2
Ap. 1 Ap. 2 Ap. 1 Ap. 2 Ap. 1 Ap. 2
bo 4.04 -3.73 3.83 -4.78 4.78 -5.15
ba -0.40 0.40 -0.26 0.14 -0.21 0.53
bs -0.07 0.02 -0.02 -0.01 -0.02 -0.01
e Averages and sigma are evaluated
Average Sigma

Measur. Nomin. Measur. Target

b 4.39 0.0 0.54 0.68

ba -0.32 0.0 0.11 0.49

be -0.02 0.0 0.02 0.09

Randoms are well below the target

One observes a relevant offset on b2 (4 units)

Some offset in by (relevant ? is at three sigma)

Both b, and b4 have been improved by changing the insert
(talk by W. Scandale)
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e Prestress measurements and models
— Good control of prestress loss: 10 MPa at 99.7 % c.l.

— Understanding of prestress loss in term of material prop-
erties - improved thermo-mechanical model

Evaluation of the effect of deformations on field quality

Additional tests are in progress

e Magnetic measurements at 300 K and models

— Systematic - odd multipoles feature offset in b3 and bs
that can be explained by deformations and collar per-
meability

— Random - odd multipoles would have been in agree-
ment with targets if nominal shims had been used

— Systematic - even multipoles feature offset in b> (and
bs) that have been corrected

— Random - even multipoles are well below the targets

e Future magnets will have collar shape to compensate de-
formations

e Sensitivity tables are available and seem reliable

e A joint analysis of warm and cold measurements with MTA
is in progress




Summary

We present experimental data relative to the azimuthal prestress at 1.9 K and at 300 K in the dipole coils. Data are well fit by a linear relation plus an offset

(w = 0.5 ((c  - 15)   MPa

where (w and (c  are the prestresses at 300 K and 1.9 K respectively. This prestress loss is very relevant (more than 50 %).

Recent improvements of both analytical and finite element codes well reproduce these experimental data, on the basis of the material properties. We observe a small random fluctuation around the fit of around 10 MPa at 99.7 % confidence level. We can claim that prestress loss is under control in the prototypes built so far. The prestress is relevant not only for the maximum field, but also for the field quality, since it gives rise to coil and collar deformations. 

We presented the data relative to the warm magnetic measurements. Discrepancies of the odd normal multipoles with respect to the nominal design are mainly determined by the collared coils. We showed that the average offset is due to collar deformations and to the non-negligible magnetic permeability of the collars. The first contribution is expected to be strongly reduced at 1.9 K because of prestress loss. The offset is around -3 units of sextupole and -1.5 units of decapole. The dispersion of the odd multipoles is rather high due to the use of shim thicknesses different from the nominal ones by up to 0.2 mm. This mainly affects the random variation of the sextupole (around 4 units of r.m.s). If this effect is taken out, the dispersion in odd multipoles is in agreement with target values.

Even normal multipoles are due to the magnetic effect of the yoke and of the insert. Assembled cold mass data averaged on the built prototypes show a relevant quadrupole (around 4 units), and rather small octupole (0.3 units). An insert modification has been proposed and successfully tested to reduce both multipoles. The dispersion of the even multipoles is in agreement with target values.

Ezio Todesco

Questions and answers

-Which measurements data are available? Where are they?

 Permeability at cold temperature, shims and prestress data are available in the group. Permeability at warm temperature was estimated for some samples. All these data are part of the traveler and will be inserted in a database.

-The b2 optimization deteriorates b3 of 0.5 units. Have you taken into account this effect?
b3 can change of 1.5 units from aperture to aperture. It is not meaningful to correct 0.5 units.

-What about the skew component?

No analysis was done yet on skew components.

-Why the three manufacturers use different shims?

 Shims were optimized taking into account the prestress at warm. Differences in the azimuthal coil length, according to measurements carried out in the manufacturers, have lead to different shim sizes.  

