SLAC MEMORANDUM



11th July 2008
TO:
Magnetic Measurements Group at SLAC, c/o Zack Wolf

FROM:
Cherrill Spencer, SLAC, USA -1-650-926-3474, Mail Stop 12

                              cherrill@slac.stanford.edu

SUBJECT:
The plan the magnetic measurements of the three 1.625SX3.53 sextupoles which will become FFSD4, FFSF5 and FFSF6 in the ATF2 at KEK.
Introduction

This is the test plan for 3 water-cooled sextupoles, engineering type, 1.625SX3.53. They were made in 1993 and previously ran in the final focus of the SLC and the FFTB. Consequently 2 of them have some residual radioactivity, the level is marked on a radiation label and Jim Allan (ext 4064) can provide you further information on the type of radiation and what precautions you should take when handling these magnets.
The magnets themselves weigh about 122lb each, they will come to you mounted on their special supports which increase the weight to about 160lb. They are serialized 001 to 003. You will receive 001 first and I am assigning that to be FFSD4. Serial #002 will be FFSF6 and serial #003 will be FFSF5.

These old magnets have been refurbished and have had their water flow tested, their resistance measured (0.033 ohms) and undergone the usual hydrostatic testing. They have been mechanically measured on the CMM and their 4 tooling balls have been fiducialized. All parameters are satisfactory. The fiducial information has been sent to the Alignment Group. 
(1) Power Connections and hook-up to your power supply.

Please provide a unipolar PS that can provide up to 50 amps at up to about 5 volts. You will notice that the position of the power terminals is not on the same side of all three sextupoles. This difference will stay this way, so please keep track of the electrical polarities of each sextupole (see next section for desired magnetic polarities).  They each will have their own power supply at the ATF2.
 These PS  will use a BITBUS-like controller that will increase the current with a cosine-shaped ramp For controlling the main power supply please use your computer and DAC system that mimics a BITBUS controller, more details are given in section (4).  

(2) Magnet Orientation, Alignment and Polarity:

These sextupoles will have their coil interconnects and power terminals and water fittings UPstream. They have 3 or 4 tooling balls each and will have been fiducialized on the CMM before they arrive at your lab. Please have an Alignment Crew come to set them up on your measurement stand (charge no 1111143) using the X, Y and Z axes of the  whole magnet, defined by the CMM measurements so that their roll angle (ie the angle of the horizontal axis), if possible, is less than 100 MICROradians, or at least as small as possible.  And minimize the pitch too. 
Your rotating coil (your choice as to which coil) must be set up carefully too. Please make sure its windings are oriented so that a “zero” angle quoted for a pole is really zero relative to the horizontal axis defined by the alignment crew.  We will be paying close attention to the measured angle of the first south pole and to the angles of all the higher multipoles.

The power leads should be hooked up so these magnetic polarities are achieved:

For the pole at nominal 30 degrees to the X axis when looking downbeam:
SD4 should have a NORTH pole.

SF5 should have a SOUTH pole.

SF6 should have a NORTH pole.

I know this set of magnetic polarities doesn’t look internally consistent, but, believe me, this is what Mark Woodley has specified.

Each sextupole has a desired integrated strength, through these measurements we will find out what current will produce the required integrated strength and find the equations that relate integrated strength to current. More details in section 5.

(3) Water flow check, thermocouple placement and thermal test
Each sextupole has 3 water circuits, with 2 input hoses and 3 output hoses. Adjust the differential water pressures across each water circuit so they are about 80 psi each. Measure the total water flow on the magnet; it should be about 0.9 gpm. Measure and record the water flow in each sextupole and the delta P. Contact John Amann if the flow is less than 0.6gpm at 80 psi- it will mean something is wrong with the cooling system.
Please place 4 thermocouples in these places and arrange for their temperatures to be read at least once every 3 minutes during the thermal test: (1) on any of the coils (2) on the incoming LCW (3) on the outgoing LCW  (4) ambient.

For a thermal test, after the water flow has been checked, run each magnet at 35 amps for 3 hours, reading the thermocouples, the current and magnet voltage. Contact John Amann if the rise in the LCW temperature is more than about 4 degrees, this large a rise would indicate something is wrong.
 (4) Standardization Details
The standardization and setting of the current for the strength measurements is to be under the automatic command of the computer program which you wrote to mimic the BITBUS controller running on the MMG PC.  Please check that the current will change at the rates I specify below, paying attention to the value of the current at which the rate changes and the slow approach to the set current value I have requested in the setting cycle. 

The different kinds of ramp rates are described in the table below.

The automated standardization cycle is as follows. I have set a maximum standardization current of 50 amps.  It finishes with a ramp UP to the desired current (BDES). All operating currents should be approached from below.



Ramp to 0.5 amp (NOTE the minimum is 0.5 amp)



Repeat the following 3 times:




Ramp up at the two standardizing ramp rates to 50 amps




Wait 30 seconds




Ramp down at two standardizing ramp rates to 0.5 amp




Wait 30 seconds



Ramp up at setting ramp rate to desired current (BDES)

Wait at least 30 seconds after the operating current has been reached before making any magnetic measurements.

The table below gives the EQUIVALENT LINEAR RAMP RATES for the standardization cycle ramp and for the setting ramp. 

The table below gives the ramp rates you should use for the various parts of the standardization cycle; I will visit you to finalize these details.  The setting ramp uses the slow ramp rate all the way. 

	Max. Std Current
	fast ramp rate:

equivalent linear rate
	slow ramp rate

equivalent linear rate
	Current where rate changes, fast  to slow in Stand--ardization  cycle
	Setting ramp rate:

equivalent linear rate 

	50 A
	8 A/sec


	1 A/sec


	48 A on up

3 A on down
	3 A/sec


(5) Magnetic Measurements with a rotating coil (and a poletip field measurement)
I define the gradient primed of a sextupole to be (2 x poletip field)/ [radius of bore] squared.

You will measure the integrated gradient primed i.e. ∫G’dl T/m.  I estimate the effective length of these sextupoles to be 0.1m, so I can get a more precise measurement of effective length please measure, as best you can, a poletip field  at 35 amps (before you put the rotating coil in for example).
The three sextupoles have a wide range of desired strengths, but each one should be measured across the range of currents specified below, in case I need to re-assign their beam positions.

SD4: ∫G’dl = 64.655 T/m. Predicting about 28 amps will be needed.

SF5:  ∫G’dl =  3.429 T/m. Predicting about 1.5 amps will be needed.

SF6:  ∫G’dl = 37.14 T/m. Predicting about 16 amps will be needed.

(1) Strength Measurements

Measure the integrated gradient’ ∫G’dl, at these currents:  0.5, 1, 1.5, 2, 2.5, 5, 7.5, 10, 15, 20, 25, 30, 35, 40, 45, 50 amps.
John Amann will do a fit of ∫G’dl versus current and see if my predicted currents for the 3 sextupoles are close.

(2) Harmonics Measurements.

We need a precise measurement of the harmonics, especially the octupole and the 18 pole. We need accurate measuremnts of the angle of each multipole component as mentioned above. Please measure the harmonics at all 3 nominal currents for each sextupole: 1.5 amps, 16 amps and 28 amps (or use the 3 operating currents calculated from the ∫G’dl versus current plot).

Provide me the multipole values as a percentage of the sextupole calculated at a 1cm radius.

Plus provide me the magnetic center X and Y coordinates and the cartoon of poles’ polarities.

(3) Magnetic Center behaviour measurements

These sextupoles will be aligned using a Beam Based Alignment (BBA) procedure and so we need to know how their magnetic center behaves when the operating current is decreased from its nominal value and then increased in steps back to the nominal value. This request is similar to the magnetic center test we used to do on the NLC prototype quad and the ATF2 FD quads.

We need to know the temperature of any poletip, the stand under the sextupole, the stand under the rotating coil’s motor, the incoming LCW and the air near the sextupole just before each center measurement is started. If you have only 4 thermocouples then drop the stand under the sextupole’s temperature. The measuring stand is in the Heavy Fab building and so the LCW temperature and ambient temperature will not be stabilized, we will have to see how much the environment affects the center measurements and take appropriate action (maybe bring in the Heidenhain micrometers to measure the sextupole’s position).

Please judge for yourself how many rotations of the measuring coil need to be made in order to have a measurement precision of the x and y coords of the magnetic center of smaller than 0.1 microns.

For “SD4” do this series of measurements:

(a) Standardize the sextupole.

(b) Increase current to 28 amps= nominal current. Wait 10 minutes for coil temperatures to warm up.

(c) Measure the magnetic center 5 times.

(d) Decrease the current by 32% -- -8.96 amps at -4amps/second, new current = 19.04 amps. Do NOT measure the magnetic center. Wait ~ 30 seconds.

(e) Increase the current at 4 amps/second to -30% below nominal, so is (28-8.4) amps, new current = 19.6 amps. Wait ~ 30 seconds

(f) Measure magnetic center twice

(g) Increase current at 4 amps/second to -20% below nominal, so is (28-5.6) amps, new current = 22.4 amps. Wait ~ 30 seconds

(h) Measure magnetic center twice

(i) Increase current at 4 amps/second to -10% below nominal, so is (28-2.8) amps, new current =

25.5 amps

(j) Measure the magnetic center twice

(k) Increase current at 4amps/second to nominal, 28 amps. Wait ~ 30 seconds.

(l) Measure the magnetic center 5 times.

What else we choose to do with magnetic center measurements depends on what this BBA measurement reveals.

If you measure SF6 before Spencer returns then do this BBA procedure using 16 amps as the starting current. Or you could try the 16 amp sequence on SD4 to see if it behaves differently at the lower current.
(6) Saving and Distributing the Magnetic measurement data
All data should be posted by Magnetic Measurements in your MMG website for possible later use. Please start a new directory called ATF2 FF Sextupoles.

As this measurement data is put on the website please inform Cherrill Spencer at cherrill@slac.stanford.edu and John Amann at amann@slac.stanford.edu. (Phone # 4768)
_________________________END OF PLAN ____________________________________

8/18/2008

I have looked at the centrer and temperature data for run 6 on Friday and note the following:
(1) The Y coord is now around -60 microns when it was ~-33microns the day before?
(2) The only temperature that changed more than 1 degree was the motor stand and the y coord variation is correlated with it. Tthe x coord hardly changed.
(3) The times of the temperature data don't correlate as well as I'd like with the center data timing.
So I request:
(a) Please blow air over the motor stand with a small fan

(b) Please take the temperature data more often. Can it be taken just before and just after the center data process?

(c) Please write the 18.8 amp center data to the file.

(d) Please reduce the time it takes to make a center measurement, then the stand temp will have less time to increase. I know less coil rotations increases the error but can we try 5 minutes rather than 7.

(e) Do only 3 measurements at the nominal current rather than 5.

(f) Make the thermocouple on the magnet stand work.

I think these changes will help reduce the effect of the motor stand warming up.

 

A related observation-- as the y coord increases  in this run 6 one can see the quad component getting larger- showing the quad is an artifact, not a real quadrupole component.

I would like the rotating rod  moved closer to the magnetic center again.

 

I think the magnetic center is changing very little during the BBA sequence of currents if one subtracts out the thermal effects , hoping through the above requested changes to minimize the thermal varations.

 

Thanks

Cherrill
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