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Acceptance at Ansaldo





The following document certifies that the solenoid is ready for shipment to SLAC, because the tests required at Ansaldo factory have been satisfactory completed. Minor concerns  arose on different coil components. These points must be addressed by Ansaldo.


The document is composed of four parts:





Report on Final Testing at Ansaldo


Action Items


Required Documentation


Appendices with some relevant measurements carried out during the test





Report on Final Testing at Ansaldo





	The tests listed below were taken from Section 5.14.8 of the Solenoid Technical Specification.  Operational tests of the fully integrated solenoid include the service chimney, control dewar system, power supply,  vacuum system and control/data acquisition system 





Pressure test at 6.6 bar of the Helium and Nitrogen systems


The test passed





Vacuum leak test of the helium, nitrogen, and vacuum systems


The tests of helium and nitrogen systems  were carried out by pressurizing the helium and nitrogen circuits with gas helium at 6.6 bar. The systems were under vacuum, with the vacuum port connected to a mass spectrometer leak detector. 


The test of the vacuum system was performed by blowing gas helium on the external vacuum couplings. 


The test passed





Room temperature flow test of the helium and nitrogen systems


The test was done after the valve box was mounted over the cryostat. The test passed.





High potential test between one current lead and the control dewar “ground” for the three cases to following voltages:


To 520 V  when the coil is at room temperature and under vacuum. [ Test Passed]


To 520 V when the coil is at operating temperature and under vacuum [ Not done, due to the icing of current lead tops. The test was done at 40 K during the cooldown]


To 320 V after the coil is warm while varying the background nitrogen pressure from 0.05 to 40 torr.  While varying the background nitrogen pressure from 0.05 to 40 torr, the leakage current is not to exceed 0.1 mA


In the tested cases the resistance was higher than 10 MW





Provide control logic and demonstrate that it works properly.  Demonstrate that the data logging system works properly;


We are at the stage that the control system works with operator intervention. The process control logic is not yet available. On the basis of the tests and operations carried out, ANSALDO should be able to provide it before shipment. The system stores most of the relevant data about temperature, strain, pressure, current and voltage. It is not yet a simple and reliable system for retrieval and logging of data. During the test, in order to have fast printed information they made hardcopy of the screen.


This test passed with many reservations to be addressed





Cool the system to operating temperature, logging coil temperatures vs. time, e.g. coil/shield temperatures, strain gauges and all anomalies and unusual noises.: [demonstrate the functionality and proper operation of all control valves under all operating conditions]


The system was cooldown to 4.6 K with all data stored. The thermal shield was cooled with LN2 to 90 K.  The average temperature of shield was 93 K (Max 97 K). The main point was to demonstrate the proper operation of thermo-siphon. It was observed that in order to put the thermosiphon in operation, it is necessary to completely fill the coil circuit and the LHe reservoir using valve CV3. Then CV3 is closed and CV2 and CV8 are opened.  After this it seems necessary to open V10 sending the coil return flow to the bottom of the LHe reservoir, to prevent gas liquid fluctuations. At the beginning one or two gas-liquid fluctuation takes place. In a short time very stable operation was observed. The operation was checked both using CV2 as JT or the liquifier valves as level control.


The test passed.





Measure heat leak in the helium and nitrogen systems at zero current.  Provide a heat leak estimate for operation at full current   Determine the current lead heat load by measuring the gas flow.  Calculate the thermal shield heat load from the LN2 boil-off rate.  The method for measuring heat loads on the coil shall be determined by mutual agreement between INFN and Ansaldo. [Note that in this and all subsequent tests thru 13 the heat leak should not exceed the values listed below.

















BABAR Solenoid Magnet Cryogenic Heat Loads�
�
Item�
Liquefaction


g/s  (l/h)�
Refrigeration


at 4.4K


(watts)�
Liquid Nitrogen at 77 K


(Watt)�
�
Current Leads�
0.42 (12)�
�
�
�
Solenoid Radiation and Conduction Heat Load and Valve box Heat Load�
�
70�
�
�
Solenoid Heat Shield Heat Load �
�
�
350�
�
Total Steady State Load�
0.42 (12)�
70�
350�
�






The heat load to 4.6 K was to be measured by closing the liquefier filling valve and looking simultaneously at both the rate of LHe level decrease and the total gas flow rate. Since the LHe level was oscillating, we considered only the gas flow rate.  This measurement was carried out with current lead flow rate constant and no current. The measured value was 59 m3/h + 10 m3/h  for current leads. The related power is 54 W + 7 l/h. This value is within specification.  However it is important to stress that the average shield temperature was 93 K. With 80 K shield, conduction is reduced by factor 0.86 and radiation by 0.55. In addition 5 W must be added for operation at 5000 A. The expected heat load with 80 K shield and 5000 A is 46W + 14 l/h corresponding to 56 W.


The heat shield heat load is estimated by monitoring the shield temperature rise when LN2 has empty from the shield. The measured rate of temperature rise was 0.00038 K /s. Considering a total shield mass of 750 Kg and the aluminium specific heat at 97 K of  460 J/Kg K, we have a total heat load to the coil of 131 W.  This load is practically unchanged if the shield operates at 80 K. 


The test passed





Operate power supply to a small current (1% of the design current) and verify proper connection and operation of all voltage potential taps, quench detector noise, and temperature sensors; [check that all sensors are working properly, numbered correctly, and displayed correctly in through the control software]


Most all sensors were found to be working and displayed correctly. Sensors which are not working must be fixed by Ansaldo. These may include Lhe level (oscillations), flow meter (calibration) and few temperature sensors. Voltage tap measurement at 600 A were all reasonable. As an example, current leads had the very small value of 0.45 mV.


The test passed with the provision that all incorrect instrumentation must be fixed.





From zero current charge the solenoid incrementally to at least two increasingly larger current values from zero current (i.e. 0 to 50 A and 1000 A) at the specified charge rate appropriate to the current level with slow and fast discharges at the end of each current plateau.  Operate dump switch and energize dump at 1000 A.  Log versus time:


a)- the solenoid current and solenoid terminal voltages, 


b) - temperature and pressure in the coil and shield, 


c) - the mechanical strain of the cold mass support rods, 


d) - the temperature of the liquid helium, 


e) - liquid helium level and pressure in the liquid helium reservoir, 


 f)  - helium flow rate, 


g) - temperature, voltage drop and helium flow rates in the vapor cooled current leads,


h) - vacuum level


i) - temperature of the protective resistor, 


- unusual noises


k) – measure the magnetic field at the center of the coil (compare with calculated value)


during this and all tests specified in 11, 12, and 13 below.  Logging rates for quantities recorded shall be sufficiently rapid to display the useful time-dependent detail in each parameter, especially during fast discharge. During the fast discharge log at a minimum quantities a) some temperatures in b) pressure in e) and k). Provide a copy of all test data taken (paper and electronic). Check for condensation forming on the current leads under all operating conditions.





	All specified measurements with exception of reliable current lead flow rates and dump resistor temperature were measured.  Coil voltage and current were acquired with the fast data acquisition system. The time constant of the current decay was 31 seconds, a value in fair agreement with the measured value of inductance L and dump resistor resistance R:  L/R = 2.04 H /0.068W = 30 s. 


	Current lead were iced. Ansaldo needs to solve this problem (e.g. cartridge heater)


	10j) No anomalies were found


	10k) The central field was measured with a Hall probe at a power supply current of 1000 A, which corresponds to 969 A in the coil. The measured value was 2672 Gauss. ANSYS gives 2616 (2700 at 1000 A). This difference of 2% is probably due to the Hall probe measurement.


The test passed with the exceptions of current leads icing, dump resistor temperature and accurate current lead flow measurements.





Charge magnet at a minimum rate of 2.6 A/s to 1000, measure inductance and compare to calculated value.


The first magnet charge to 1000 A was 1.6 A/sec. The magnet was then discharged through the dump resistor. It was then charge back up to 800 A at 3.2 A/sec and then up to 1000 A at 1.6 A/sec. It was then ramped down to zero at 3.2 A/s using the power supply. Inductance was measured to be 2.04 H.  Both ANSYS and a simple analytical code give 2.1 H.





Maximum temperature rise in the magnet was found to be ____ for the 3.2 A/sec charge.





The test passed





Operate the solenoid at 1000 A for a period of not less than 12 hours;. Demonstrate that the thermosiphon cooling system works properly. 





The magnet was held at 1000 A for at least 1 hour. Since there was no variation of any parameters, it was decided by all INFN and SLAC personnel to terminate the test.





The test passed





Other Comments





The quench detection pre-amplifier threshold S1 was increased from 13 mV to 30 mV and S2 was left at 50 mV.  The ramp at 3.2 A/s was made using this increased threshold . The computed Minimum Propagation Zone at full current (and nominal field) is 1 m. The resistance of 1 m of small conductor (5 x 20 mm cross section) is  675 nW.  At current of 5000 A the voltage drop is 3.4 mV. A quench detection must be based on a voltage threshold reasonably higher than this number. The original 13 mV (corresponding to 4 times the calculated MPZ length) was too small compared to observed noise. Using the  threshold  of one quenched turn = 34 mV  is still reasonable and safe. 





RRR was measured to be 1200 .





Test of axial tie rods stress ………
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Action Items





Measure axial position of coil when it is warm at 300 K. 


Current leads


Provide replacement flow controller card


Verify flow rate calibration


Provide a method to prevent current leads from icing


Stamp + and - on current leads


Fix anomalous operation of the Liquid Helium level measuring system.


Fix chimney thermometer ST9. 


Resolve strain gauges anomalies


Change the bar relative to bar absolute readout in the data monitoring system


Clarify the shipment of PC and monitor to SLAC.


The software for data log retrieval and display must be able to print the data directly.


Modify all screens/information from Italian to English


Provide the Operating System and the Control Program Software on backup disk.


Provide all required procedures for re-booting OS9 and editing and recompiling the VME C Control Program


Label all wiring before shipping to SLAC
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List of required documentation





In order to allow SLAC to start with preparation for final testing, the following documentation is required soon, preferably before coil shipment to SLAC.





Description and operation/maintenance manuals in English. This includes all Ansaldo special modules (Quench Detector, Quench Detector Preamplifier, Valves Control, Hardwired Safety, CLTS thermometer Converter, Current Lead Thresholds, Bus Bar Threshold, 24 V Supply and Battery Charger. Details of the quench detectors such as thresholds, integration time and charging or verifying values.


Manufacturer Specifications and Operation and Maintenance Manuals 


List of recommended spare parts


Update version of the wiring diagrams and tables (with coil shipment)


Detailed schematic of the required grounding system, including quench pre-amplifier and the data control system


As built drawings of the valve box, especially the reservoir and current lead reservoirs, indicating vessel dimensions and piping heights together with the position of the sensors.


As built drawings of the coil and shields indicating exactly the location of sensors


As built drawings of the shields showing cooling tube layouts


As built drawings with location of tie rod temperature sensors


Control  system logic description and logic sheets


Procedures for remote file transfer of data


Procedures for VME data storage and retrieval


English description of the VME code


 Relevant information on Ansaldo’s fast acquisition system including channel count, hardware, software and logic information. This will be necessary for SLAC preparation of the commissioning and SLAC’s purchase of its own fast data system.
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Appendices





A1 – Voltage and current during fast discharge





Voltage at the two layers during fast dis-charge.  The time constant is 31.5 s.


�





Detail of initial voltage decay


�


Current decay


�


�
A2 – Temperatures rise in the shield due to heat load 





The rate of temperature increases is around  0.00038 K/s





�





�
A3	Resistance of the coil after transition to normal state








The graph below shows as Voltage at coil ends (with a current of 2 A in the coil) ant average coil temperature increases with time just after the starting of warm up. The flat of voltage for temperatures between 10 –15 K depends on aluminium RRR. The measured resistance in this range is 0.004 V/2 A= 0.002 W. The RRR is around 1200
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