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To: Y. Y. Lee
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Subject:
Injection Kicker Measurements


Integral Coil measurements were taken on the SNS injection kicker magnet on December 27 and December 30, 2002.  The measurements on December 27 were taken without the ceramic beam tube.

The up ramps were identical in all cases.  The current was ramped from 0 A to 1230 A in 2 ms using a slightly rounded start and end,  (Rounding parameters: F1u=0.1, F2u=0.05)
.  Then there was a flat top of 1 ms.  The down ramps were of the following three types:

1. Smoothed Linear (with slight rounding, F1d=0.1, F2d=0.05) with differing down ramp times.

2. Exponential drop, Imax e-t/( for t<7τ, then 0.      The values of  τ used were 0.15 ms to 0.30 ms in 0.05 ms steps.

3.  Imax
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 for t< τ, then 0. For this down-ramp type, the values of  τ used were 0.10 ms to 1.10 ms in 0.20 ms steps.

The reference voltage for the PS waveform was programmed into an IOtech DAC488HR.  This instrument defined the ramp waveform at the resolution of 10 μs at 16-bits per sample.  (That is, the 16-bit reference waveform sample values in the buffer were clocked out at the rate of 100,000 samples per second.)  The scaling was specified as 140 A/V.  The resulting analog reference voltage waveform was captured with an HP 3458A DMM at the rate of 50,000 samples per second.  This reference waveform is plotted in red in the plots.  The value plotted is the programmed current (based on 140 A/V) rather than the analog reference voltage so that it can easily be compared with the measured magnet current.

The magnet current is plotted in blue.  There appears to be a vertical offset between the measured reference voltage and the measured current.  That is, a reference voltage of 0 V produces a current of 13 A.  (I should note that the DCCT used was one from storage and has not been recently calibrated, but an independent measurement of the PS current using a handheld device also indicated a non-zero current at 0 V ref.)

The programmed peak current was 1230 A, but the actual current appears to be 1261 A.  Subtracting the offset, this would give a gain error of 1.3%, but it would be necessary to calibrate our DCCT before any weight is given to this value for the gain error.

The measuring coils were two coils wound on the same ceramic coil form.  The coil form is a grooved cylinder, and the angle between the two coils is 98.521(.  The coil form is adjusted so that the signal is about equal in each coil.  That is, the angle between the plane of each coil and the dipole field is about (180( - 98.521()/2.  Each coil consists of three turns.  The length is about 0.960 m, and the half-width of each coil is about 0.01233 m.  This is the actual half-width and not the half-width perpendicular to the field, which is reduced due to the angular rotation.

Each coil signal was measured in two ways during each ramp.  Two meters were used to sample each coil signal at the same rate and with the same resolution as the magnet current and the reference voltage.  These coil waveforms are plotted in “mustard” and “magenta.”  The vertical scale for these coil signals is on the right for each plot.  Although the HP 3458A meters are capable of 28-bit resolution, the resolution is sample rate dependent.  At a sampling rate of 50,000 samples/s, the aperture time is only 10 μs since time is required to convert and store each reading as a digital value.  With a 10 μs aperture, the resolution is 18-bits.

The samples obtained for each coil were then divided into up-ramp and down-ramp sets and numerically integrated using Simpson’s rule.  An attempt is then made to correct for drift by looking at the first and last points used in the set of values used for the numerical integration.  The “corrected” values are only valid if the noise in each reading is small relative to any drift and the first and last values are obtained when the field is not changing.

The second pair of meters that sample the coil signals take only two readings each.  In order to improve the resolution, the “integration” occurs in the meters themselves during the time the voltage is being sampled.  For these runs the aperture time for each reading was set to 2.97 ms.  The start of the second reading occurs 0.33 ms after the aperture time for the first, since time must be allotted to allow the meter to convert and store the first value.  The sampling times are indicated by the green lines in the plots.  The resolution for these long aperture readings is about 21-bits.  There is no correction for drift.

In the print outs attached the numerically integrated, “drift-corrected” numerical integration, and meter-integrated results appear as shown below.  The values in bold are the “meter-integrated” results.

Vc1  Max  +0.01383  V   Min  ‑10.01577  V

      Integral: ‑3.48697 mV‑s     Aperture: 2.97 ms  ‑3.49143 mV‑s
      Offset Corrected Integral: ‑3.47815 mV‑s

Vc2  Max   +9.91504  V   Min  ‑0.01289  V

      Integral: +3.45741 mV‑s     Aperture: 2.97 ms  +3.46274 mV‑s
      Offset Corrected Integral: +3.44728 mV‑s
Note that there is a delay between changes in the reference voltage and changes in the magnet current.  The delay is about 0.125 ms.  This delay was not foreseen when the software was developed in September.  If future measurements are made, the aperture time for the integrated readings (indicated by the green lines) will be increased by this amount and the division of the data points into up-ramp and down-ramp sets will be similarly adjusted.

There are three sets of runs, the runs of December 27 without the beam tube are labeled “SNSI1N” with the ramp number appended.  The runs of December 30 with the beam tube are labeled “SNSI1B.”  (Note that the ceramic beam tube is shorter than the measuring coils.  The measuring coils themselves are a bit shorter than optimal, since the magnet is 0.8 m long and has a wide aperture.)  Also, some runs were done where the values for a series of ramps having the same parameters were averaged.  These were with the beam tube and are labeled “SNSI1BA.” (Only the averaged ramp values were saved in these cases.  The number of ramps averaged in each case was 5.)

It is noted that the current continues to slowly increase on the 2 ms flat top.  This may have introduced a spurious “drift” correction in the corrected numerical integrations.  Also, in the unaveraged ramp plots, it is evident that there is a high frequency noise present.  (As far as can be determined from the points obtained at 50,000 samples/s, the noise is at about 8 to 10 kHz.)  It isn’t clear whether this is just radiated noise from the PS and the conductors or whether the current actually has these audio frequency variations.

The data acquired were collected on a ramp-to-ramp basis with a time between each up/down ramp that was long compared to the time for the up/down ramp itself.  That is, a specific type of ramp was programmed with specific parameters, then it was executed and data were acquired, which were then stored, and analyzed, before the next up/down ramp.  It is possible to write an application that would selectively acquire data on a specific ramp (the 30th or 300th, say)  while the magnet ramps are occurring at the actual rate intended for operations, but such software is significantly more complex to produce.

Without the ceramic vacuum chamber (beam tube), the following ramp types were performed:


Without Ceramic Vacuum Chamber (No beam tube)
	Smoothed Linear
	Exponential Drop
	Square Root

	1.00 ms
	SNSI1N.026

SNSI1N.027

SNSI1N.000
	0.20 ms
	SNSI1N.017

SNSI1N.018

SNSI1N.019

SNSI1N.028

SNSI1N.033
	0.40 ms
	SNSI1N.030

	
	
	
	
	0.50 ms
	SNSI1N.031

	
	
	
	
	0.80 ms
	SNSI1N.032

	
	
	
	
	1.10 ms
	SNSI1N.020

SNSI1N.021

SNSI1N.034

	
	
	0.30 ms
	SNSI1N.024
	1.60 ms
	SNSI1N.022

	
	
	0.40 ms
	SNSI1N.025

SNSI1N.029
	2.20 ms
	SNSI1N.023




With the beam tube, the following ramp types were performed:


With Ceramic Vacuum Chamber (beam tube)
	Smoothed Linear
	Exponential Drop
	Square Root

	2.00 ms
	SNSI1B.002

SNSI1B.003
	0.15 ms
	SNSI1B.013

SNSI1B.014
	0.10 ms
	SNSI1B.020

SNSI1B.021

	1.50 ms
	SNSI1B.004

SNSI1B.005
	0.20 ms
	SNSI1B.015


	0.30 ms
	SNSI1B.022

SNSI1B.023

SNSI1B.024

	1.00 ms
	SNSI1B.001

SNSI1B.006

SNSI1B.007

SNSI1B.012
	0.25 ms
	SNSI1B.016

SNSI1B.017
	0.50 ms
	SNSI1B.025

SNSI1B.026

	0.50 ms
	SNSI1B.008

SNSI1B.009
	0.30 ms
	SNSI1B.018

SNSI1B.019
	0.70 ms
	SNSI1B.027

SNSI1B.028

	0.28 ms
	SNS1B.010

SNS1B.011
	
	
	0.90 ms
	SNSI1B.029

SNSI1B.030

	
	
	
	
	1.10 ms
	SNSI1B.031

SNSI1B.032


With the beam tube, the following ramp types were performed and the data for five ramps were averaged before storing and plotting the results:


With Ceramic Vacuum Chamber and Averaged (5 Ramps Each)
	Smoothed Linear
	Exponential Drop
	Square Root

	1.00 ms
	SNSI1BA.001
	0.15 ms
	SNSI1BA.006
	0.1 ms
	SNSI1BA.003

	0.50 ms
	SNSI1BA.005
	0.20 ms
	SNSI1BA.002
	1.1 ms
	SNSI1BA.004


For all of these runs (averaged beam tube runs, beam tube runs, and non-beam tube runs), the parameters are clearly indicated on both the plots and the analysis sheets.

Please let me know if you would like more measurements or further analysis of the results already obtained.

Thank you.


Table of All Runs
	Smoothed Linear
	Exponential Drop
	Square Root

	0.28 ms
	SNS1B.010

SNS1B.011
	0.15 ms
	SNSI1B.013

SNSI1B.014

SNSI1BA.006
	0.10 ms
	SNSI1B.020

SNSI1B.021

SNSI1BA.003

	0.50 ms
	SNSI1B.008

SNSI1B.009

SNSI1BA.005
	
	
	
	

	1.00 ms


	SNSI1N.026

SNSI1N.027

SNSI1N.000

SNSI1B.001

SNSI1B.006

SNSI1B.007

SNSI1B.012

SNSI1BA.001


	0.20 ms


	SNSI1N.017

SNSI1N.018

SNSI1N.019

SNSI1N.028

SNSI1N.033

SNSI1B.015

SNSI1BA.002
	0.30 ms
	SNSI1B.022

SNSI1B.023

SNSI1B.024

	
	
	
	
	0.40 ms
	SNSI1N.030

	
	
	
	
	0.50 ms
	SNSI1N.031

SNSI1B.025

SNSI1B.026

	
	
	
	
	0.70 ms
	SNSI1B.027

SNSI1B.028

	1.50 ms
	SNSI1B.004

SNSI1B.005
	0.25 ms
	SNSI1B.016

SNSI1B.017
	0.80 ms
	SNSI1N.032

	
	
	
	
	0.90 ms
	SNSI1B.029

SNSI1B.030

	
	
	
	
	1.10 ms
	SNSI1N.020

SNSI1N.021

SNSI1N.034

SNSI1B.031

SNSI1B.032

SNSI1BA.004

	2.00 ms
	SNSI1B.002

SNSI1B.003
	0.30 ms
	SNSI1N.024

SNSI1B.018

SNSI1B.019
	
	

	
	
	0.40 ms
	SNSI1N.025

SNSI1N.029
	1.60 ms
	SNSI1N.022

	
	
	
	
	2.20 ms
	SNSI1N.023


�The “rounding parameter” F1 indicates what fraction of the total ramp time is to be used in taking the ramp rate from 0 A/s to the maximum ramp rate (with the ramp rate increasing linearly over this time) and F2 indicates the fraction of the total ramp time is to be spent reducing the ramp rate from the maximum rate back to 0 A/s.
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