SLAC Magnetic Measurement Plan and Traveler for the ATF2-QF1 
Account Number to be charged: 1111244
This traveler covers the magnetic measurements plan for an old PEPII LER quad that we will be sending to the ATF2 at KEK to be used as the QF1 quad in the ATF2’s final doublet. This is the second style of quad to be used as the QF1 in the ATF2 so please note that when you set up a directory for its measurement data on your website.
This quadrupole has been sitting in the PEPII tunnel, unused, for over 2 years. It has been measured for residual radioactivity, it has none. It has been refurbished by the mech techs in the Magnet Shop. They have tested its water flow and hi-potted it, it has passed these tests.
Its aperture diameter is 100 mm, its overall length is about 20”. This magnet weighs 2615 lb; it has no mounting device or support structure. It is the same type of quadrupole as the one you use as a reference quadrupole. Maybe you could borrow the reference quad’s support?
It has hollow copper conductor coils with 58 turns per coil. The hole diameter in the conductor is 0.125”. The beam direction is such that the power terminals are downstream
This quad was called QFCX3 when it was in the STR2B in PEPII. The Alignment group has found the fiducialization data for this very quad; it has 4 tooling ball sockets.

. 1. Receiving Information:

	Received by (MM initials)
	SDA

	Date received : (dd-mm-yyyy):
	         9/24/2012

	Checked Magnet Number: look  on core side
	QF1 (QF58CU4D004)

	Magnet Engineer (Cherrill Spencer or her substitute) verifies that this magnet is ready to be magnetically measured. 
	      

	No barcode sticker on this ATF2 quad. 
	

	Choose a rotating coil that will allow multipoles to be measured at a large radius ( e.g. over 30mm) and quoted at 20mm and 10mm
	SPEAR 3 
150-300


Preparation:

2. Power and LCW Connections: Unipolar PS  >=150A , 30 V  required. Cosine-shaped ramp that mimics the ramps produced by an Ethernet-driven controller. You will not use a booster PS.
LOW pressure  LCW system will be needed to cool this magnet in your measurement lab.

3. Magnet Orientation:

Beam direction arrows are visible on the side of the core. Otherwise: note that this magnet has coil interconnects and power terminals downstream.  Please attach quad & any support you create securely to table
	Beam-direction arrow in place (initials):
	CS


4. Magnet Fiducialization and Alignment:

This magnet was fiducialized in 1998 when it was called LER QFCX3, and Michael Gaydosh has its fiducialization data.
	Fiducialization data is available         (Alignment Initials :)
	MG


Alignment crew should do the set up on the measurement stand of the quad and the rotating coil, and use the x,y,z axes of the whole magnet (as defined by tooling balls) such that the roll angle (angle of horizontal axis) is less than about 0.5  milliradian (or as small as possible), and pitch and yaw are also minimized. We are aiming to measure the multipoles and their angles very precisely.
.
	Alignment completed, Roll Angle = 0.8 millirad (Alignment Initials :)
	SDA


The rotating coil should have its windings oriented that a 'zero' angle quoted for a pole is indeed zero relative to the horizontal axis defined by the alignment crew. (Angle of first south pole, and of higher multipoles is important). 
5. Power leads and polarity:

The required nominal polarity for ATF2-QF1 with a positive current is focussing.   Looking downstream the upper-right pole should be a SOUTH pole as shown in this figure:    

                                      
[image: image1]
 Determine the electrical connection polarity (with supply outputting positive current) which produces the required magnetic field polarities. 

Place + and  - labels on or near the main power flags for the required focussing polarity.

	Polarity established, power +/- labels applied
	SDA


6. Cooling Water Flow Check:

Each quadrupole has 4 water circuits, 1 per coil, with 1 input and 1 output spigot with appropriate Ys and Ts internal to the quad and 2 water manifolds that divide up the LCW flow into 4 parallel circuits. Each circuit’s flow should be just over 0.14gpm.
Adjust the differential pressure across each water circuit (deltaP) to be about 85 psi.

Total water flow should be about 0.57 gpm. If you cannot adjust deltaP to 85 psi, first use close to 85 psi, measure the flow, and then make total flow 0.57 +/-0.1 gpm by adjusting the valve.

	        
	 Water flow [gpm]
	Check 

	Maximum  delta P _______   
	
	

	Adjusted to produce 0.57 gpm
	 0.6
	SDA    


7. Thermocouple placement and Thermal Test: 
 Place 5 thermocouples at these locations:

- any one of the coils – on the incoming LCW – on the outgoing LCW  -elsewhere on bench for ambient temperature measurement – on the steel core near any pole tip.

Arrange for temperatures to be read at least once every 3 minutes for the following thermal test:

After water flow has been checked on each circuit, run this quad to 150 A and leave for  three hours, reading the thermocouples, magnet current and voltage. 
	Confirm total LCW flow is 0.57 +/- 0.1 gpm
	Flow is 0.6 gpm

	Name of thermal test file and date of test
	RTDAT.RU1

	Final LCW temp (in) – Final LCW temp (out)
	=        14.1               °C


If the rise in the LCW temperature is more than 26 deg C, something is wrong; stop, call Cherrill Spencer at x3474 or double check there is water flowing in all 4 coils. 

8. Initialization:

Initialization is to be done only once on this quad, after the successful completion of the water flow check and thermal test above. Use the cosine ramp with an equivalent linear rate of 15 A per second; minimum current of 5 A, maximum current of 150 A and pause time of 120 seconds at the minimum and maximum currents. Take the quad from 5 A to 150 A and back 10 times, ending up at 5 A. Do this just in the focussing configuration.
	Initialization completed: date , MMG initials:
	      9/27/2012  SDA


9. (a)  Standardisation parameters and detail: (For use in measurements below)

Here is the standardization procedure for this quad. Parameters for unipolar operation (positive current give defocussing quad)
Ramp type: cosine shape

Minimum standardization current: 5 amps

Maximum standardization current : 150 amps

Pause time at minimum or maximum standardization current: 30 seconds

Equivalent linear ramp rate for standardization process: 10 amps/second (increasing or decreasing)

Start at 5 A and ramp up to 150 A and down to 5 A THREE times, finishing at 5 amps. A standardization procedure always involves THREE  up and down ramps; the up ramp followed by the down current ramp is called a cycle. 
Setting to desired current (BDES)  ramp UP to BDES at 5 amps/second

 All operating currents should be approached from below; except when I request a series of decreasing currents – these will be approached from a higher current.  When moving from one current to another for the strength or harmonics measurements use 5 amps/second and wait at least 30 seconds after the operating current has been reached before making any magnetic measurements. Put basic standardization details in all datafile comments.

	Confirm that magnet will ramp at 5 A/s (initials:)
	SDA


9 (b) Multiple standardization cycles to be carried out BEFORE any measurements are made. 
Not knowing the operating history of this quad I ask you to carry out many standardization cycles on this quad before any measurements are made on it. This will “train” the magnet into a state to produce a repeatable integrated strength when it is powered up in the beamline. 

Take the quad through 15 standardization cycles (equivalent to 5 standardization procedures) of the type designated for this quad.
	Quad has undergone 15 standardization cycles
	Date:  9/27/2012    Start time: 8:31


10. Poletip Field Measurements –
When it is convenient, maybe when the rotating coil is not in the quad’s aperture, please use a Hall probe to measure the poletip field  at 125.0 amps (after a regular standardization procedure). Please make a correction in the field value for the thickness of the Hall probe. 

	   Current                  Actual current
	 Poletip field :

	125 A nominal                       124.943
	0.36 +/- 0.05 T

	   Date and initials:  SDA
	 9/27/2012


11 (a) Stretched Wire Measurement to calibrate the rotating coil:

If a stretched wire is used to calibrate the rotating coil then record the datafile name and URL:

	http://www-group.slac.stanford.edu/met/MagMeas/MAGDATA/ATF2/Quad/QF2/Coil Calibration\Individual Current Harmonics from wirevsx run 2 poly order 2.txt


I’m hoping your rotating coil will have been calibrated in the equivalent quadrupole you use as a reference quadrupole.
12. Rotating Coil Magnetic Measurements: ∫G.dl and harmonics at various currents. 

Purpose of these measurements is to find the transfer functions (Current required to reach a certain integrated gradient strength) especially for certain desired integrated gradients, and to check that the multipole harmonics do not exceed ATF2 requirements. Please use a rotating coil that will allow the measured multipoles values to be quoted at both 20 and 10mm.
For ATF2-QF1, the nominal ∫Gdl is 3.23  Tesla (I predict 125.4 amps will produce 3.23T)

	Rotating Coil Designation (Name)
	Spear3q_150_300

	Rotating Coil Radius
	0.02697 m


13. Integrated Strength Measurements:

Measure the integrated gradient ∫Gdl at these currents: 
20, 40, 60, 80, 90, 100, 110, 120, 125, 130, 135, 140, 150 amps 

Then back to 5 amps from 150 (AND THEN GO TO ZERO amps as well as you can manage), measure the ∫Gdl at the same set of currents and zero amps in reverse order. Remember to ramp at 5 A/second and wait for 30 seconds after reaching the new current before starting a measurement. 

	Filename of Int. Strength Measurement
	    STRDAT.RU2                                   

	Date of measurement, initials 
	10/1/2012          SDA


The LCW temperature increase at 125 amps is predicted to be 18 degrees C, please record some thermocouple data when the current is 125 amps so I can see what the delta T is at this current.

14. Harmonics Measurements (with rotating coil) 
Measure the strength and angle of each multipole component up to n=16 at 100, 125 and 140 amps on the increasing current side of the curve.  

Multipole values should be given as a percentage of the quadrupole component calculated at both 10 and 20 mm, PLEASE.   Also provide the skew and normal components of all the multipoles. Also provide the magnetic center X and Y coordinates measured during the harmonics measurements at the above currents.

	Filename of Harmonics Measurement
	HARDAT.RU2                               

	Date of measurement, initials 
	10/1/2012       SDA


18. Magnetic Center Behavior Measurements
This quads will be aligned using a Beam Based Alignment (BBA) procedure and so we need to know how its 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.

We need to know the temperature of any poletip, the stand under the quad, the stand under the rotating coil’s motor, the incoming LCW and the air near the quad just before each center measurement is started. If you have only 4 thermocouples then drop the stand under the quad’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 quad’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  QF1 do this series of measurements :

(a) Standardize the quad.

(b) Increase current to 125 amps= nominal current. Wait 10 minutes for coil temperatures to warm up.

(c) Measure the magnetic center 10 times.

(d) Decrease the current by 32% -- -40 amps at -4amps/second, new current = 85 amps. Do NOT measure the magnetic center. Wait ~ 30 seconds.

(e) Increase the current at 4 amps/second to -30% below nominal, so is (125-37.5) amps, new current = 87.5 amps. Wait ~ 30 seconds

(f) Measure magnetic center twice

(g) Increase current at 4 amps/second to -20% below nominal, so is (125-25) amps, new current = 100.0 amps. Wait ~ 30 seconds

(h) Measure magnetic center twice

(i) Increase current at 4 amps/second to -10% below nominal, so is (125-12.5) amps, new current =112.5 amps

 (j) Measure the magnetic center twice

(k) Increase current at 4amps/second to nominal, 125 amps. Wait ~ 30 seconds.

(l) Measure the magnetic center ten times.

Let Cherrill Spencer see the results of the first go-round of these measurements and she will decide if any parameters need to be changed, how any more times to run this series etc.

For the “QC3” quad we will do the same series of measurements—but the nominal current will be decided later, after we see the data taken on QP2A.

19. Series of measurements to determine if a small electrode made with KOVAR in it affects the shape of the magnetic field as measured by its multipole content.
These instructions and the electrode will be given to you on Thursday 20th September when Cherrill Spencer returns from a business trip out of state.
20. Saving and Distributing the Magnetic measurement data

Please post all data at 

	http://www-group.slac.stanford.edu/met/MagMeas/MAGDATA/ATF2/QUAD/QF1


in a subdirectory with the magnet name.

Please inform Magnet Engineer ( Cherrill Spencer at cherrill@slac.stanford.edu  (ext 3474) when the strength and harmonic measurement data are available for inspection and analysis, and for final approval . If Cherrill is away please send the pertinent thermal, strength and harmonic txt files attached to an e-mail to Glen White: whitegr@slac.stanford.edu,  ext 5129.
 20.             This section is to be completed by Cherrill Spencer, SLAC.  

	Data been inspected & analyzed by Magnet Engineer 
	

	Based on Magnet Engineer analysis of data can confirm this quadrupole will work as the QF1 in the ATF2 at KEK
	

	Quadrupole is released from Magnetics Group, signed and dated by Cherrill Spencer:
	

	Remove the LCW from the coils and take the magnet to just outside your cage. Signed & dated by MMG personnel:
	


 21.               This section is to be completed by ATF2 Beam Physicist (Glen White).  

	Checked that integrated strength data is satisfactory and have generated the polynomial function for the controlling database to set the magnet.

Nominal operating current is _______________amps.

Checked that this is within the capability of the assigned power supply _____________________
	      Signature and date:

	Checked that the multipole values at r=20  mm are below the Physics Requirements tolerances (initial):
	 

	Magnet measurements accepted for ATF2 (signed):
	Electronically signed:

	Date measurements accepted (Month-Day-Year):
	


The SLAC MMG person in charge of the magnetic measurement process is Scott Anderson, his phone number is 650-926-4590, sda@slac.stanford.edu . If Cherrill Spencer is absent from SLAC then Scott Anderson will coordinate all the tasks associated with these measurements.
.When this traveler is completed, attach the original to any other traveler on this magnet and send a photocopy to Cherrill Spencer at MS 12. 
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