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LQXB04 Test Report

J. DiMarco, P. Schlabach, G. Velev

Quench Training

In the first test cycle, MQXB10 was ramped to 13000 A (234 T/m
) without quenching exceeding the quench training requirement of 230 T/m. It was then ramped down to 12200 A (220 T/m). A trip was then induced with heater delay 0. MQXB12 quenched at 12495 (225 T/m), then at 12905 A (232 T/m). 12097 (218 T/m), 12445 (224 T/m), 12749 (230 T/m), and finally at 12850 (231 T/m).

Quench training results are compared to previous magnets in Fig. 1. Table 1 is a list of quenches executed as part of quench current studies. Note that a high current trip on the leads is included for MQXB12. The magnet was quenched at high current when the heaters fired.

Summary:  The requirements for acceptance are satisfied.
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Figure 1:  LQXB04 quench training. The horizontal dashed and solid lines correspond to 205 and 230 T/m field gradient respectively.


Table 1:  List of quenches

	date
	time
	test cycle
	current (A)
	ramp rate (A/s)
	location
	gradient (T/m)


	MQXB10

	2/23/2004
	1905
	1
	13000
	20
	no quench
	234

	2/23/2004
	1905
	1
	12200
	-
	tripped, no heater delay
	220

	MQXB12

	2/25/2004
	1615
	1
	12097
	20
	LE, Q2
	218

	2/26/2004
	0830
	1
	12445
	20
	LE, Q1
	224

	2/26/2004
	1905
	1
	12625
	20
	DQD leads trip
	227

	2/27/2004
	0120
	1
	12749
	20
	LE, Q3
	230

	2/28/2004
	1330
	1
	12850
	20
	Q2
	231


Magnetic Field Quality Measurements

Field quality measurements were made with rotating coils. Integral field measurements were made with a multi-sectioned probe of 3 sections matched to the pitch length of the inner coil with one pitch length between sections. Complete longitudinal scans were made with a probe of length 0.82 m. The program consisted of the following measurement types.

· A “DC loop” in which the magnet was ramped in a series of steps with the field characterized at DC field at each level on the up and down ramp which we use to establish both the upramp and the geometric component of the harmonic. This is done with the integral probe. No such measurement was made as they are redundant with the longitudinal scans with the short probe.

· A prototypical accelerator cycle in which the field was measured during a conditioning pre-cycle to full field followed by a ramp down, a stop at an extended injection porch with a ramp to full field afterwards. This serves to characterize the field at injection including decay and snapback effects. These are typical done with the integral probe; however in these 2 magnets we did cycles with the short probe in the magnet body and in the magnet ends.

· Continuous measurements during a series of ramps to full field and back at different ramp rates to check for eddy current effects. These are done with the integral probe. (Note that the aforementioned accelerator cycle is a 10 A/s loop; 40 and 80 A/s loops were also done.)

· A DC loop with a longitudinal scan at each stopping point. This allows body-end field separation. These scans may be integrated to provide a characterization of the entire magnet.

· A cleansing quench preceded the accelerator cycle measurement with the integral probe.

A list of the measurements made is given in Appendix A. Data is posted at the following URL.

http://wwwtsmtf.fnal.gov/~dimarco/usrAnalysisLQX/web_summaries/LQXB04/magneticMeasurements/LQXB04_mag_meas.html
Tables 2-4 summarize the field quality measurements with respect to the harmonics acceptance criteria
 for the magnet.

Table 2:  Integral Field Harmonics for LQXB04
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fTable 3:  Integral Field Harmonics for MQXB10
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Table 4:  Integral Field Harmonics for MQXB12
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Summary:  Field quality is good. Most harmonics are within one sigma of the target. A couple of low order skew harmonics (a5, a6) are outside the 3 sigma limit at injection. This was seen in earlier magnets.  The higher order harmonics outside the 3 sigma limit are not likely real but due to limits in the resolution of the measurement system.

Magnetic Field Strength Measurements

SSW measured integral field strength with magnets powered in series is given in Table 3. The first 4 entries are taken on the up ramp and the last on the down ramp.
Table 5:  Field strength vs. current.
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Current (A) Q2a+Q2b Q2a+Q2b

669 202.2 135.3

5460 200.83 1096.5

11345 198.25 2249.1

11923 197.94

5460 201.02


Summary:  The strength at 11345 A is within the acceptance band of 2254.8(5.7. (This corresponds to the band of 1127(4 T for a single cold mass.)

Alignment

LQXB04 had alignment measurements at each stage of testing at MTF: dates are summarized in Table 6. There were also measurements and lug adjustment during mounting of the magnet prior to 02Feb04 to optimize warm alignment.
The magnet positions changed significantly during first cool down with the both ends of Q2b and the far end of Q2a changing vertically by about 0.5mm. There were also large changes horizontally, with the far end of Q2a shifting by about ±0.5mm. There was also a change in the roll angle of about 0.2mrad during initial cool-down. The cold mass positions did not return to the initial conditions upon warm-up after TC1, and were mostly closer to their cold positions. However, the far end of Q2a actually continued changing 0.4mm further during warm-up in the same direction (vertically downward) as it did during initial cool-down. The roll remained at its cold value.

Strength measurements on the combined Q2a+Q2b were performed at 1.9K.

At the time of this report, no adjustment of the lugs was performed after cold testing.

A partial list of the measurements performed is given in Table 6 with a full list in Appendix B.
Table 6:  Major alignment data sets

	Warm before TC1
	02Feb04

	Cold TC1
	03Mar04

	Warm after TC1
	11Mar04


Data are posted at the following URL.

http://wwwtsmtf.fnal.gov/~dimarco/usrAnalysisLQX/LQXB04/SSW/LQXB04_align.html
Relative alignment of the magnet assemblies compared to AP requirements is given in Table 7. The relative alignment of the two assemblies is better than that seen in LQXB03. The relative roll of the correctors, however, is larger than any seen so far.
Table 7:  Relative alignment of magnet assemblies (cold).
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A summary plot showing the changes in cold mass positions at various points in testing is shown in Fig. 1. The positions are given relative to the Cold TC1 measurements being on the average axis.

[image: image7.wmf]
Figure 2:  Alignment summary plot.

Summary: Significant changes were seen horizontally and vertically in the cold masses during cool down and the cold masses did not return to their initial positions after the first TC. The cold alignment looks fairly good, though further lug adjustment may be necessary after review wrt tolerances. 
Other tests performed.

Other items of interest

Appendix A:  List of field quality measurements

Note that a longitudinal scan of the magnetic field with a rotating coil of the warm collered coil and cold mass were made during production as part of the quality assurance program but are not listed here.

[image: image8.emf]-----------------------------------------------------------------

- magnet & test cycle: q2a (MQXB10) & tc 1 -

--------------------------------------------   

    size of   date when      file name   probe                         remarks

the unpacked  the meas.   ( unpacked file )  IP- integral

     file     is taken SP-short

9299720 Feb 24 2004 q2a_11345up.odb SP          z scan stop up at 11345 A  

9270720 Feb 24 2005 q2a_11922.odb SP          z scan stop at 11922 A

3000416 Feb 24 2006 q2a_5449do.odb SP          z scan stop down at  5449 A  

9385240 Feb 24 2007 q2a_5449do_1.odb SP          z scan stop down at  5449 A  second file 

9270720 Feb 24 2008 q2a_5449up.odb SP          z scan stop up at  5449 A    

9620408 Feb 24 2009 q2a_669up.odb SP          z scan stop up at  669 A    

21607312 Feb 24 2010 q2a_accProfile.odb IP          acc profile  at the end of the measurements 

21681544 Feb 24 2011 q2a_accprofile_short.odb SP          acc profile  at the begging of the measurements 

10887368 Feb 24 2012 q2a_loop40As.odb IP          Loop 40 A/s

9743992 Feb 24 2013 q2a_loop80As.odb IP          Loop 80 A/s

--------------------------------------------

- magnet & test cycle: q2b (MQXB12) & tc 1 -

--------------------------------------------   

    size of   date when      file name probe

the unpacked  the meas.   ( unpacked file )  IP- integral                       remarks

     file     is taken SP-Short

9232776 Mar 01 2004 q2b_11345up.odb SP        z scan stop up   at 11345 A  

9232776 Mar 01 2005 q2b_11922.odb SP        z scan stop at 11922 A

9232776 Mar 01 2006 q2b_5449do.odb SP        z scan stop down at  5449 A 

9232776 Mar 01 2007 q2b_5449up.odb SP        z scan stop up at  5449 A    

9232776 Mar 01 2008 q2b_669up.odb SP        z scan stop up at  669  A   

9232776 Mar 01 2009 q2b_accProfile.odb IP        acc profile  at the begging of the measurements 

9232776 Mar 01 2010 q2b_accprofile_short.odb SP        acc profile  at the end of the measurements 

9232776 Mar 01 2011 q2b_loop40As.odb IP         Loop 40 A/s

9232776 Mar 01 2012 q2b_loop80As.odb IP         Loop 80 A/s


Appendix B:  List of alignment measurements

LQXB04 SSW Measurements Log 

(Column 1 is status: R indicates used directly for results; “a” indicates ancillary)

================================================================================ 

Production measurements in ICB

================================================================================ 

/usr/analysis/LQX/LQXB04/SSW

================================================================================ 

a   031111_12:11 ICB/beforeCorrector/QB/031111_12:11.sag

a   031203_16:31 ICB/afterWeld/QA/031203_16:31.sag

R   031203_17:45 ICB/afterWeld/QA/031203_17:45.checkXYRoll

a   031203_13:26 ICB/afterWeld/QB/031203_13:26.checkX

a   031203_13:36 ICB/afterWeld/QB/031203_13:36.checkX

a   031203_13:43 ICB/afterWeld/QB/031203_13:43.sag

a   031203_15:35 ICB/afterWeld/QB/031203_15:35.checkXY

R   031203_16:04 ICB/afterWeld/QB/031203_16:04.checkXY_aftAdj

R   031204_07:38 ICB/afterWeld/QB/031204_07:38.roll

a   031204_08:43 ICB/afterWeld/QB/031204_08:43.checkXY

================================================================================ 

================================================================================ 

MTF Measurements 

================================================================================ 

/usr/analysis/LQX/LQXB01/SSW 

================================================================================ 

a   040120_15:11 MTF/mounting_20Jan04/QA/040120_15:11.checkXY_aveOnly

R   040120_15:29 MTF/mounting_20Jan04/QA/040120_15:29.checkXY_onAveAxis

R   040121_09:51 MTF/mounting_20Jan04/QA/040121_09:51.checkXY_aftAdj1

R   040121_15:33 MTF/mounting_20Jan04/QA/040121_15:33.checkXY_aftAdj2

R   040122_09:11 MTF/mounting_20Jan04/QA/040122_09:11.checkXY_aftAdj3

a   040120_14:55 MTF/mounting_20Jan04/QB/040120_14:55.checkXY_aveOnly

R   040120_15:48 MTF/mounting_20Jan04/QB/040120_15:48.checkXY_onAveAXis

R   040121_09:32 MTF/mounting_20Jan04/QB/040121_09:32.checkXY_aftAdj1

R   040121_15:52 MTF/mounting_20Jan04/QB/040121_15:52.checkXY_aftAdj2

R   040122_08:48 MTF/mounting_20Jan04/QB/040122_08:48.checkXY_aftAdj3

a   040311_11:48 MTF/warmAfterTC1_11Mar04/QA/040311_11:48.checkXY_aveOnly

R   040311_12:15 MTF/warmAfterTC1_11Mar04/QA/040311_12:15.checkXY_onAveAxis

R   040311_16:31 MTF/warmAfterTC1_11Mar04/QA/040311_16:31.roll

a   040311_11:32 MTF/warmAfterTC1_11Mar04/QB/040311_11:32.checkXY_aveOnly

R   040311_12:35 MTF/warmAfterTC1_11Mar04/QB/040311_12:35.checkXY_onAveAxis

a   040311_13:10 MTF/warmAfterTC1_11Mar04/QB/040311_13:10.roll

R   040311_16:07 MTF/warmAfterTC1_11Mar04/QB/040311_16:07.roll

R   040311_17:30 MTF/warmAfterTC1_11Mar04/CORRECTORS/040311_17:30.HcorRoll

R   040311_17:52 MTF/warmAfterTC1_11Mar04/CORRECTORS/040311_17:52.VcorRoll

R   040311_19:16 MTF/warmAfterTC1_11Mar04/CORRECTORS/040311_19:16.HcorRoll_rotWire

R   040311_19:40 MTF/warmAfterTC1_11Mar04/CORRECTORS/040311_19:40.HcorRoll_rotWire

R   040311_18:25 MTF/warmAfterTC1_11Mar04/CORRECTORS/040311_18:25.VcorRoll_rotWire

a   040202_08:59 MTF/warmBeforeTC1_02Feb04_wVac/QA/040202_08:59.checkXY_aveonly

R   040202_09:43 MTF/warmBeforeTC1_02Feb04_wVac/QA/040202_09:43.checkXY_onAveAxis

R   040202_11:32 MTF/warmBeforeTC1_02Feb04_wVac/QA/040202_11:32.roll

a   040202_14:03 MTF/warmBeforeTC1_02Feb04_wVac/QA/040202_14:03.sag

a   040202_08:37 MTF/warmBeforeTC1_02Feb04_wVac/QB/040202_08:37.checkXY_aveOnly

R   040202_10:07 MTF/warmBeforeTC1_02Feb04_wVac/QB/040202_10:07.checkXY_aveAxis

R   040202_10:48 MTF/warmBeforeTC1_02Feb04_wVac/QB/040202_10:48.roll

a   040202_15:11 MTF/warmBeforeTC1_02Feb04_wVac/QB/040202_15:11.sag

a   040203_16:38 MTF/warmBeforeTC1_02Feb04_wVac/QB/040203_16:38.checkXYafterSurv

a   040304_16:38 MTF/1.9K_04Mar04/QAQB/040304_16:38.checkX

a   040304_16:43 MTF/1.9K_04Mar04/QAQB/040304_16:43.roll_669A

a   040304_17:10 MTF/1.9K_04Mar04/QAQB/040304_17:10.checkX_noGrd

a   040304_17:13 MTF/1.9K_04Mar04/QAQB/040304_17:13.checkX_noGrd

a   040304_17:18 MTF/1.9K_04Mar04/QAQB/040304_17:18.checkX_noGrd_NewportGrdToVessel

a   040304_17:24 MTF/1.9K_04Mar04/QAQB/040304_17:24.checkX_noGrd_NewportGrdToConduit

a   040304_17:28 MTF/1.9K_04Mar04/QAQB/040304_17:28.checkX_NewportgrdtoConduit

a   040304_17:33 MTF/1.9K_04Mar04/QAQB/040304_17:33.roll

R   040304_17:47 MTF/1.9K_04Mar04/QAQB/040304_17:47.strX_669A_up

R   040304_18:39 MTF/1.9K_04Mar04/QAQB/040304_18:39.strX_5460A_up

R   040304_18:58 MTF/1.9K_04Mar04/QAQB/040304_18:58.strX_11345A_up

R   040304_19:15 MTF/1.9K_04Mar04/QAQB/040304_19:15.strX_11923A

R   040304_19:33 MTF/1.9K_04Mar04/QAQB/040304_19:33.strX_5460A_dn

R   040304_19:53 MTF/1.9K_04Mar04/QAQB/040304_19:53.strX_669A_up

a   040305_10:18 MTF/1.9K_04Mar04/QAQB/040305_10:18.zeroFieldTest

a   040305_10:25 MTF/1.9K_04Mar04/QAQB/040305_10:25.zeroFieldTest_wNewportGnd

a   040305_10:54 MTF/1.9K_04Mar04/QAQB/040305_10:54.zeroFieldTest_stagesGrd

a   040305_11:14 MTF/1.9K_04Mar04/QAQB/040305_11:14.zeroFieldTest_stagesGrdToShield

a   040305_11:29 MTF/1.9K_04Mar04/QAQB/040305_11:29.zeroFieldTest_stagesGrdToShieldChanges

a   040306_09:33 MTF/1.9K_04Mar04/QAQB/040306_09:33.strX_669A_upramp_lowNoise

a   040305_11:41 MTF/1.9K_04Mar04/QAQB/040305_11:41.zeroFieldTest_stagesGrdToShieldChanges

a   040305_11:59 MTF/1.9K_04Mar04/QAQB/040305_11:59.zeroFieldTest_stagesGrdToShieldChanges

a   040305_12:02 MTF/1.9K_04Mar04/QAQB/040305_12:02.zeroFieldTest_stagesGrdToShieldChanges

a   040305_12:13 MTF/1.9K_04Mar04/QAQB/040305_12:13.zeroFieldTest_stagesGrdToShieldChanges

a   040305_12:58 MTF/1.9K_04Mar04/QAQB/040305_12:58.Q2a_strX_669A_upramp_lowNoise

R   040306_09:52 MTF/1.9K_04Mar04/QAQB/040306_09:52.roll

a   040306_10:08 MTF/1.9K_04Mar04/QAQB/040306_10:08.strX_669A_upramp

a   040306_10:06 MTF/1.9K_04Mar04/QAQB/040306_10:06.strX_669A_upramp_850gT

a   040303_10:48 MTF/4.5KTC1_03Mar04/QA/040303_10:48.checkXY_aveOnly

a   040303_11:03 MTF/4.5KTC1_03Mar04/QA/040303_11:03.checkXY_aveAxis

R   040303_17:56 MTF/4.5KTC1_03Mar04/QA/040303_17:56.checkXY_aveAxis_aftSurvey

a   040303_10:32 MTF/4.5KTC1_03Mar04/QB/040303_10:32.checkXY_aveOnly

a   040303_11:33 MTF/4.5KTC1_03Mar04/QB/040303_11:33.checkXY_aveAxis

R   040303_17:37 MTF/4.5KTC1_03Mar04/QB/040303_17:37.checkXY_aveAxis_aftSurvey
Appendix C:  Q2A/Q2B->MQXB10/MQXB12
Inside LQXB04, Q2A, closest to the MTF return can, the CDF side of the building, is MQXB10.  Q2B, closest to the MTF feed can, away from CDF, is MQXB12.

Appendix D:  Calculation of Integral Field Harmonics

Integral field harmonics are computed from the data taken during the longitudinal scan of the magnets. Reported data at each position are normalized at that position. The integral harmonics are computed as follows at a fixed current I. 
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We sum over the consecutive non-overlapping positions of the probe as indicated in the following figures. The measurements at 4.66 m (MQXB05) and 10.03 m (MQXB06) are not included in the sum. These two positions are special positions to match the interval defined as lead end during model magnet measurements.

Calculation of integral an is similar. Note that this procedure is the same as that used for LQXB03.
Data for one probe z position at 669 A on the up ramp for MQXB12 was not taken. This position is in the magnet body. For the low order harmonics (n(6) this position is a assigned the averaged value of the measured value at the adjacent positions. For higher order harmonics, it is assigned the average of all body positions.
Appendix D:  Calculation of Magnetic Length

We have the integral field measurements of the two magnets and body field measurements of the two magnets individually. The total magnetic length of the LQXB is calculated as follows.
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We have assumed that the measurements are made at the same currents. They appear to differ at most by 1-2A. In the case of the injection point, however, due to a mistake in the run plan, SSW measurements were made at 699A instead of 669A. The difference in the TF between 669 and 699 is small and is ignored.

There is a calibration factor applied to the rotating coil data of 1.0094. This is based on comparison of integral probe measurements with integral SSW measurements in MQXB03, 05, 06. This value is the same as was used for the two magnets in LQXB03.




























































































































































































































































�Gradiant quoted is body gradiant based on HGQ09 body transfer function measurements.


� This is the equivalent body gradient based on HGQ09 measurements. The � HYPERLINK "http://tdserver1.fnal.gov/schlabach/My Work/hgq/acceptance/modelmagnettf.xls" ��linear fit parameters� to the high current transfer function are slope 0.0174 and intercept 7.34.


� Acceptance criteria for harmonics are from � HYPERLINK "..\\LQXB Acceptance v07.doc" ��v7� of the acceptance document. � HYPERLINK "\\\\tdserver1\\project\\USLHC\\Public\\Harmonicstables\\acceptancetables.xls" ��Acceptance bands� are from v3.2 of the reference harmonics table. The method for calculation of integral harmonics is given in Appendix D.
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