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1.  PURPOSE and scope

This document prescribes procedure for field cool-down of the F2000 Series Magnets 
1.1 Intended Use

This document and these procedures are intended for use ONLY by personnel who are thoroughly trained and qualified in safe practices related to cryogenic MRI magnets, including: 

· working around high voltages;

· the dangers of strong magnetic fields; and 

· the dangers and safe handling of cryogenic liquids and gases.

2. Safety Considerations

This section must be read and understood by everyone who works with, or comes into contact with, any elements of the magnet system.

All operating and service personnel must be thoroughly trained and certified in safe practices related to working around high voltages and strong magnetic fields, and in the use and handling of cryogenic liquids and gases.

Three types of precautionary notices are used in this document: Warnings, Cautions, and Notes.  The definitions of each, and their formats, are presented below.


NOTE

*************************************************************************************

Notes give important additional information, explanations, or recommendations related to the topic or to the procedure being presented.

*************************************************************************************

2.1 Cryogens

Cryogens are refrigerants, such as liquid nitrogen and liquid helium, used to achieve very low temperatures.  Liquid nitrogen is used in this procedure to pre-cool the magnet. Liquid helium is used in the magnet system to cool the magnet windings to achieve a superconducting state.

Helium and nitrogen are colorless, odorless, and tasteless.  In liquid form they have two properties that are potentially hazardous:

1. They are extremely cold; helium: 4.2 K (-269(C), nitrogen: 77 K (-196(C), and

2. Small amounts of liquid evaporate to produce large volumes of gas which can present a risk of asphyxiation due to the displacement of the available oxygen.

The following precautions must be observed when handling cryogens to avoid injury, death, and damage to equipment or surroundings.




2.1.1 Protective Clothing

Eyes and skin must be protected when handling or working around cryogens. Accidental contact of skin or eyes with cryogens, or cold cryogen vapor, may cause a severe freezing injury similar to a burn. A face shield, or safety goggles, and loose fitting gloves which can readily be removed if any liquid spills or splashes on them must be worn when handling or working around cryogens. Wear cuff-less trousers outside of boots to shed liquid.

NOTE

FIRST AID NOTICE

*************************************************************************************

In the event of contact with cryogens OR COLD VAPOR, MOVE EXPOSED PERSON TO A WELL VENTILATED AREA AND TREAT FOR FROSTBITE.  Consult a physician immediately.

Eyes: Flush with warm water [NEAR BODY TEMPERATURE - 95±5(F (35±3(C)] to thaw the tissue.  protect the eye with a rigid eye shield or plastic or paper cup, do not patch the eye.

Skin: Flush the affected area with warm water [NEAR BODY TEMPERATURE - 95±5(F (35±3(C)] to thaw the tissue.  Carefully remove clothing; if clothing sticks to underlying skin leave clothing on until arrival at a medical facility.  CONTINUE RE-WARMING.  DO NOT apply direct heat to the affected area.  Loosely apply dry, sterile, bulky dressings to protect the exposed area.

*************************************************************************************

3. magnet cool-down

3.1 Equipment Needed

· Liquid N2  (LN2)  Supply Fixture:

1)  900mm (36 inch) long pipe made of stainless steel or type K copper tapered for easy bottom fill funnel access. OD is 12.7mm (1/2 inch)

2)  ½ inch A&N fitting for connection to the LHe fill port.

3)  ½ to 5/8 inch A&N adapter , p/n 22396 

4)  Pipe fittings capable of connecting to LN2 supply lines.

· Liquid nitrogen with supply lines capable of connecting to 1/2 inch tube Recommended Line: Cryofab standard liquid nitrogen transfer line

· Digital multimeter (DMM) with the following specifications:

· Minimum 3½ digit display 

· Minimum 0.01 mV resolution

· Test Leads

· 10 μA constant current source

Optional: 

· (4) #20 Socket test adaptors (Pomona 3560 or equivalent(see Figure 1)) 
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Figure 1 – Test Adaptors

3.2 Cool-down Decision Tree

Figure 2 provides a summary of the process used to determine whether a liquid-nitrogen pre-cool is recommended
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Figure 2 - Cool-down Decision Tree

3.3 Read the Liquid-Helium Level 

(Reference Figure 2)

Read the liquid-helium (LHe) level using the Helium level indicator in accordance with the procedure in the magnet’s operating manual. 

3.3.1 LHe-Level is Greater Than Zero

If the LHe-level is greater than zero, proceed with the helium-refill procedure prescribed by the magnet’s operating manual.

3.3.2 LHe-Level is Zero

If the helium level is zero, use the procedure in Section 3.4 to establish the coil temperature. That procedure will also identify when liquid nitrogen pre-cooling is recommended before LHe-refill.

If a pre-cool is not recommended, proceed with the helium-refill procedure prescribed by the magnet’s operating manual.
To perform pre-cooling, follow the procedures in Section 3.5.

3.4 Determining Magnet Coil Temperature when Helium Level reads Zero

3.4.1 Measuring Coil Resistance

Before proceeding, ensure that the magnet is ramped down.

1. Connect the 10μA constant current power supply using the appropriate test adapters to pins “Z” and “e” of the MJ1 connector on the magnet cryostat.  Pin “Z” is the positive (+) pin and “e” is the negative (-) pin. See Figure 3 for reference.
2. Connect the DMM leads using the appropriate test adapters to pins “k” and “c” of the MJ1 connector on the magnet cryostat.  Pin “k” is the positive (+) pin and “c” is the negative (-) pin.

3. With the DMM set to read DC Voltage, record the reading.
4. Use the conversion chart for the appropriate Magnet System Model to determine the temperature of the magnet coil.  Refer to Figure 4, 5, 6 or 7 for the appropriate model.
5. If the magnet coil temperature is 150K or lower transfer LHe into the magnet using a bottom fill procedure, i.e. by ensuring that the transfer line is firmly seated in the bottom fill funnel.  Progress can be monitored by watching the temperature drop to 4.2K and then by using the helium level indicator.

6. If the magnet coil temperature is higher than 150K, a liquid nitrogen pre-cool is required. Follow the procedure in Section 3.5.
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Figure 3 - MJ1 Pin Layout
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Figure 4 – Temperature Conversion Chart for Magnet System Models in Group 1
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Figure 5 - Temperature Conversion Chart for Magnet System Models in Group 2 
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Figure 6 - Temperature Conversion Chart for Magnet System Models in Group 3
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Figure 7 – Temperature  Conversion Chart for Magnet System Models in Group 4

3.5 Liquid-Nitrogen Pre-cooling
NOTE 1: During this procedure you will be required to use the NTC thermistor temperature sensors to determine helium-vessel temperatures.  Instructions for using the NTC thermistors are found in Appendix A.

3.5.1 Liquid-Nitrogen Fill 

1. During this process, monitor coil and helium space temperature when and as directed by Sections 3.5.1, 3.5.2, 3.5.3 and 3.5.4.  Use procedures outlined in Section 3.4.1 in this manual (for coil temperature) and in Appendix A of this document (for helium-space temperature).

2. Install the high current lead access-port adapter (if used) in the high current lead access-port.

3. Install the LN2 fill-line in the He-fill port using the necessary A&N fittings.

4. Install the flexible high-current leads.

5. Supply LN2 to the magnet at a gradual rate; vary the LN2-flow to control the speed of the cool-down.


6. Monitor coil temperature constantly to ensure the magnet is not cooled too quickly.

7. Install a ¼ inch Swagelok plug on the1.0 psi (70 mBar) normal-vent valve.

8. Fill cryostat to approximately 50% level after the magnet has started to collect liquid nitrogen. Magnet temperature should be less than 95 K.

a) Collection has begun when the bottom thermistor(s) reads 77 K.

b) The 50% level has been achieved when the middle thermistor reads 77 K. (indicating that the device is submerged in liquid nitrogen)

The entire process should take approximately 1400 liters of liquid nitrogen if the helium vessel temperature begins at 300 K. Lower temperatures will require less LN2. 
.

3.5.2 Liquid Nitrogen Hold
1. Allow the magnet to soak in the LN2 until the magnet coil temperature (as measured in Appendix A) approaches 77K.  Depending upon the starting temperature of the magnet, this may take one or two days.  The closer the coil temperature is to 77K the less LHe will be required for final cool-down and fill.

2. During this hold period the LN2 level should be monitored to ensure that the bottom thermister does not rise above 77K.  If the bottom thermistor indicates a temperature rise above this temperature, additional LN2 should be added to reestablish a temperature of 77K.

3.5.3 Liquid Nitrogen Purge from the Helium Vessel

The LN2 that remains in the magnet will be removed by pressurizing the magnet and forcing the liquid back out through the supply line. The LN2 supply source must be depressurized and venting to allow the liquid to return to the source.

1. Open the Liquid Nitrogen supply dewar vent and allow venting to atmosphere. Use caution when venting to ensure adequate space ventilation.

2. Connect a Helium gas supply to High Current Access Port Pressure Adaptor or other suitable location at the magnet turret to introduce the helium gas.

3. Close the magnet vent valve.

4. Monitor coil temperature continuously.

5. Pressurize the magnet space to 275 mbar (4 PSI) and purge the Nitrogen from the magnet.

6. Stop the gas flow when liquid nitrogen stops flowing.  This can be verified by monitoring the temperature rise of the bottom thermister.  When the temperature exceeds 80K the LN2 has been removed.
7. Disconnect the LN2 transfer line from the LN2 bottom fill tube.

8. Continue purging the nitrogen gas using Helium gas with a pressure less than 275 mbar (4 psig). A minimum of 5 bottles He gas should be purged through the magnet.

Note
***************************************************************************************************

The gas plume, consisting mainly of N2 gas from the LN2 pre-cool, will initially tend to drift downward as it exits the LN2 bottom fill tube. As the gaseous He fills the magnet, the gas plume will tend to rise and the coil temperature may show a rise of 10 K during this evolution. This is an indication that the magnet space has been cleared of all residual gaseous Nitrogen.

*************************************************************************************


3.5.4 LHe Fill

1. Remove all fixtures added to perform Section 3.5.3.
2. Open the ¼ turn (yellow handled) vent ball-valve.

3. Install LHe transfer line magnet stinger configured for bottom fill.

4. Proceed with the normal LHe bottom fill procedure in the magnet operating manual (Section 5.2.10.3)

5. Monitor the coil resistance until the coil temperature is less than 10 K.
6. Disconnect the DMM and connect the helium level indicator. When the helium level indicator shows 100 liters or >10%, pull the transfer line up 2.5 cm to disengage the bottom fill funnel and complete the normal refill procedure in accordance with the magnet manual.
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Figure 8 – Liquid Nitrogen Supply Tube

Appendix A

Determining the temperature of the helium vessel

Equipment Needed

· Digital multimeter (DMM) with the following specifications:

· Minimum 3½ digit display 

· Minimum 0.1 ohm resolution

· Test Leads

Optional: 

· (2) #20 Socket test adaptors (Pomona 3560 or equivalent(see Figure 3&5)) 

. 

Thermistor Schematic

NOTE:  This procedure is valid for all F2K, Titan & Rex cylindrical magnets 

Type-2000 Magnets are equipped with Negative Temperature Coefficient (NTC) thermistor temperature sensors as shown schematically in Figure 1.  The letters shown in Figure 1 for the thermistor connections represent the 41 pin connections (see Figure 2) on the cryostat MJ1. These thermistors give the temperatures corresponding to three locations within the cryostat. Two sensors (U-V and V-W) are located at bottom dead center of the helium space. These are critical for ensuring that liquid cryogens either are completely evacuated or collected within the helium space. The third sensor (X-Y) is used to determine when to begin and end the process of purging liquid nitrogen from the helium space. Its location is approximately the 40% liquid helium level of the cryostat. All three sensors can be used to determine the presence of liquid cryogens in the cryostat.
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Figure 1 – Thermistor Schematic
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Figure 2 – MJ1 Pin Layout

	Sensor
	Location
	Pin Connections

	4KT-B0T1
	Bottom
	U – V

	4KT-B0T2
	Bottom
	V – W

	4KT-MID
	Mid-point
	X - Y


Table 1 – Sensor Identification Chart

Using Thermistors to Read Temperature

All thermistors are identical NTC thermistors and the procedure is valid for all magnet space locations.

1. Connect the DMM (see Figure 2, 4 & 5 and Table 1) across each thermistor; polarity is not critical. Use caution when making connections to MJ1 to prevent damaging or bending the pins.
2. Record the resistances for each thermistor

3. Use Table 2 to convert the resistance readings to determine the approximate temperature of the helium vessel.

NOTE

*************************************************************************************

NTC temperature sensing thermistors are not accurate for measuring temperatures lower than that of liquid nitrogen (77 K).

******************************************************************************
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Figure 3 – Test adaptors
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Figure 4 – DMM Set-up to read thermistors
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Figure 5 – Test adaptors connected to read thermistors

Thermistor Temp Sensor Conversion Chart
	Temp

(K)
	Temp

(°C)
	Resistance

(Ohms)
	Temp

(K)
	Temp

(°C)
	Resistance

(Ohms)

	70
	- 203
	84,620
	151
	- 122
	414.8

	73
	- 200
	50,670
	153
	- 120
	389.5

	77
	- 196
	31,520
	155
	- 118
	364.3

	79
	- 194
	27,861
	157
	- 116
	339.0

	81
	- 192
	24,202
	159
	- 114
	313.8

	83
	- 190
	20,543
	161
	- 112
	288.5

	85
	- 188
	16,884
	163
	- 110
	263.3

	87
	- 186
	13,225
	165
	- 108
	238.0

	89
	- 184
	10,936
	167
	- 106
	212.8

	91
	- 182
	9230
	169
	- 104
	187.5

	93
	- 180
	7650
	171
	- 102
	162.3

	95
	- 178
	6852
	173
	- 100
	137.0

	97
	- 176
	6054
	175
	- 98
	131.5

	99
	- 174
	5256
	177
	- 96
	125.9

	101
	- 172
	4458
	179
	- 94
	120.4

	103
	- 170
	3660
	181
	- 92
	114.8

	105
	- 168
	3308
	183
	- 90
	109.3

	107
	- 166
	2956
	185
	- 88
	103.7

	109
	- 164
	2604
	187
	- 86
	98.2

	111
	- 162
	2252
	189
	- 84
	92.6

	113
	- 160
	1900
	191
	- 82
	87.0

	115
	- 158
	1774
	193
	- 80
	81.5

	117
	- 156
	1648
	195
	- 78
	79.2

	119
	- 154
	1523
	197
	- 76
	76.9

	121
	- 152
	1397
	199
	- 74
	74.6

	123
	- 150
	1271
	201
	- 72
	71.3

	125
	- 148
	1145
	203
	- 70
	69.0

	127
	- 146
	1019
	205
	- 68
	66.7

	129
	- 144
	893.6
	207
	- 66
	64.4

	131
	- 142
	767.8
	209
	- 64
	62.1

	133
	- 140
	642.0
	211
	- 62
	59.8

	135
	- 138
	616.8
	213
	- 60
	57.5

	137
	- 136
	591.5
	215
	- 58
	55.2

	139
	- 134
	566.3
	217
	- 56
	52.9

	141
	- 132
	541.0
	219
	- 54
	50.6

	143
	- 130
	515.8
	221
	- 52
	48.3

	145
	- 128
	490.5
	223
	- 50
	46.0

	147
	- 126
	465.3
	248
	- 25
	35.0

	149
	- 124
	440.0
	298
	+ 25
	23.0


Table 2 - Temperature vs. Resistance for NTC Thermistors

[image: image16.png]WZ Magnet Business Group

A Division of Intermagnetics General Corporation

////,

\W

R
IR




	© 2006 by Intermagnetics General Corporation 


WARNING


*************************************************************************************


Warnings call attention to actions or conditions which can result in injury or in death.


*************************************************************************************





CAUTION


*************************************************************************************


Cautions call attention to actions or conditions which can result in damage to equipment or in abnormal performance.


*************************************************************************************








CAUTION


*************************************************************************************


ANY Openings MADE into the Cryostat must be covered as soon as possible to prevent icing INSIDE the magnet.  Such ice can block the release of helium vapor from the magnet pressure-vessel, resulting in overpressure and possible rupture.


*************************************************************************************











WARNING


cryogens IN LIQUID FORM


*************************************************************************************


Use extreme care when handling cryogens; boiling and splashing may occur when filling a warm container or when inserting warm objects into the liquid.  CONTACT WITH cryogens, or their cold vapor, can cause COLD-CONTACT BURNS AND DAMAGE to the eyes and skin.


*************************************************************************************








WARNING


EXTREME COLD


*************************************************************************************


When inserting open-ended pipes into cryogens, never direct the open end of the pipe or piping toward any person.  CONTACT WITH THE liquid, or cold vapor from the liquid, can cause BURNS AND DAMAGE to the eyes and skin.


*************************************************************************************











CAUTION


************************************************************************************


NITROGEN NOT REMOVED FROM THE MAGNET SPACE WILL FREEZE AND MAY CAUSE QUENCHING AND HELIUM-PROBE MALFUNCTIONS ********************************************************************************************





CAUTION


************************************************************************************


MONITOR THE MAGNET PRESSURE DURING THE FILL TO AVOID OVERPRESSURIZING THE MAGNET.  OVERPRESSURIZING THE MAGNET MAY RESULT IN RUPTURE OF THE BURST DISK.


*************************************************************************************





WARNING


*************************************************************************************


THESE PROCEDURES MUST BE PERFORMED ONLY BY TRAINED AND QUALIFIED PERSONNEL.  FAILURE TO PROPERLY PERFORM THESE PROCEDURES MAY RESULT IN INJURY OR DEATH, AND IN DAMAGE TO EQUIPMENT.


*************************************************************************************








CAUTION


**********************************************************************************


THE COOL-DOWN RATE MUST NOT BE FASTER THAN 15 K PER HOUR.


 FROM 300 K TO 180 K MUST TAKE AT LEAST 8 HOURS.  COOLING-DOWN ANY FASTER MAY RESULT IN SEVERE DAMAGE TO THE MAGNET.


*************************************************************************************





CAUTION


************************************************************************************


MONITOR THE MAGNET PRESSURE DURING THE PURGE TO AVOID OVERPRESSURIZING THE MAGNET.  OVERPRESSURIZING THE MAGNET MAY RESULT IN RUPTURE OF THE BURST DISK.


*************************************************************************************








Proprietary Notice This document is the property of Intermagnetics General Corporation (IGC), and shall not, without the express written permission of IGC, be reproduced or copied, in whole or in part, by any person outside of IGC or, if loaned by IGC to such person, shall not be used for furnishing information to any third party or for any purpose other than that for which it is loaned. 
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