Status of adjustable quad design

March 8, 2000

General requirements

For the NLC there will be variable strength quadrupoles and Beam Position Monitors (BPMs) for each girder. These quads will be used to keep the beam on axis via Beam Based Alignment (BBA). When a BPM detects motion of the beam the strength of the appropriate quadrupole will be changed to bring the beam back on axis. The specifications for the quadrupoles are:

Table I Specifications

Item
value

Aperture
12.7 mm

Quantity    Length
288    324 mm

399    432 mm

576    965mm

Maximum Pole tip field
0.62 Tesla for 324 mm

0.80 Tesla for others

Adjustment
+ 0 to – 20%

Temperature Stability
0.5% at 25 ( 1 oC

Higher Harmonics
b3/b2 < 0.02

Field Accuracy
(0.5% at any field value

Center Location
Magnetic to Fiducial (0.1 mm

Center Stability
(0.001 mm over range of adjustment

In an effort to reduce cost adjustable permanent magnets are considered. To be successful the permanent magnet prototypes must:

1. Prove out mechanical design, choice of magnet material is secondary

2. Use industry standard size magnet blocks

3. Have iron dominated pole

4. Have self contained flux return (shielded design)

5. BPM fit requirement is secondary for the prototype

6. Be temperature compensated magnet

Basic designs

Since the February meeting there are three designs that have been advanced for the NLC adjustable quads. These are corner tuners (FCS217B Figure 1) mid-plane tuners  (FMS217A Figure 2) and the wedge bricks (FWS217H Figure 3). All models have iron dominated poles fixed by aluminum end plates with a hyperbolic radius defined by 

x*y = r2/2

where r = 6.35 mm (0.25 inch). All models have a pole tip field in excess of 0.8 Tesla and the harmonics measured at a 5-mm radius are less than 2 x 10–3 normalized to the gradient. All models use rotating rods of magnet material to generate the change in field of 20 to 30%.  In short any of these models will fit the specifications given by SLAC. The only unknown is the center stability. This can not be effectively modeled hence must be measured by a prototype.

The ideal length of should be close to that of the real magnets but within the capabilities of the Fermilab machine shop to produce poles in one piece. It is possible to make a pole 254-mm (10 inches) long using the EDM machine in the Village Machine Shop. To be comparable to the existing SLAC electromagnet prototype a pole length of 200-mm (8 inches) will be used. It is easy to convert the PANDRIA input file into code to run the EDM machine thereby allowing production of pole pieces with little or no drafting time needed. 

Magnet material

To simplify the design and prototypes standard sizes for magnetic material were used in all models. The sizes were taken from the Dexter Technologies catalogue. For Samarium Cobalt and Neodymium Iron there are similar sizes that could be used the same prototype. A Samarium Cobalt 217 grade was used in all designs. This material has a low coercivity (easier to magnetize) and a high Br (residual magnetic field). This yields a high energy density thereby requiring less material and reducing the cost. For similar reasons the N38H and H45 Neodymium Iron material was chosen for the models.  There is only one round magnet that is magnetized through the diameter it is 8.33 mm (0.328 inches) in diameter. This size was used for both the mid-plane tuners and the wedge tuners. A larger diameter rod was used for the corner tuners. 

Cost of magnetic material

To determine costs prices from Dexter Technologies were used. These are high end prices since Dexter is not a producer of the material. In addition small lot prices are used. For cost comparison Samarium Cobalt bricks 0.375” x 0.750” x 1.052” and 0.500” x 0.880” x 1.750” are used for the magnets and 0.328” ND-Iron rounds are used for the tuners.


Bricks
$ per inch
Tuners
$ per inch
Total cost

FCS217B
16
$549
4
?
$4392 +

FMS217A
8
$275
4
$56
$2648

FWS217H pole bk
4
$137
4
$56
$2360

FWS217H wedge
2
$102




The wedge will be slightly cheaper than the Mid-plane tuners and both are cheaper than the corner tuners.

Tuning Range and Harmonics

Comparison of the tuning range and the harmonics for each style of magnet:


% range
Field at pole
12 pole units
20 pole units

FCS217B
30
9472 Gauss
-9.9
-14.6

FMS217A
33
9184 Gauss
-4.5
-11.7

FWS217H
24
9612 Gauss
0.14
-4.4

De-magnetization

There is a concern that the magnetic material might be pushed too close to the knee of the demagnetization curve. For FWS217H magnet the pole bricks have a field of 0.68 Tesla and the wedge bricks a field of 0.54 Tesla when the tuning rods are the forward direction. The tuners have a field of 0.6 Tesla. In the reverse direction the fields are higher. 

For FMS217A the fields are 0.7 Tesla for the bricks and 0.2 Tesla for the tuning rods. The tuners are very close to the knee and in danger of demagnetizing. 

For FCS217B the bricks are at 0.87 Tesla and the tuners are at 0.64 Tesla. These are safe values to operate at.

Conclusions

While all three models meet the field and harmonics criterion, there are problems with the designs. The mid-plane tuner (FMS217A) has a flaw in the tuning rods are very close to demagnetizing. In addition any variation in the magnet material of the rod will have a direct impact on the field. The corner tuners (FCS217B) the tuning rods are not in the optimal and the cost is almost a factor to two higher than the other models. The wedge model (FWS217H) require precise mating between the bricks and poles to achieve high field the flatness should be within industry standard. This model does put the tuning rod in the best place to reduce variation of field when rotating. 

It is recommended that the FWS217H be advanced to a prototype stage. The PANDRIA input decks and postscript drawings are available on http://home.fnal.gov/~volk
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Figure 1 FCS217B
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Figure 2 FMS217A
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Figure 3 FWS217H

