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Temperature Sensors
1.1
Thin-Film Carbon Glass Temperature Measurement (80K to 4K)
The Thin-Film Carbon Glass (CG) sensors are used to monitor the Helium temperatures in the following locations: 

· The helium space of the cyro-can reservoir (CCR).
· Helium inlet and outlet tubes of the Magnet.
· Cold Mass of the Magnet.

· Cold end of the current leads.
The CG sensors are used in areas of moderate to high magnetic fields.  There are 8 sensors (along with their redundant counterparts) in the Magnet. These CG sensors are inversely, nonlinear and monotonic in their resistance vs temperature characteristics between 1.0 Kelvin and 300 Kelvin and have a fast response time of 0.5 ms for mK variations. The resultant magnetic field dependence is quite weak



dT<= -(5.46 + 0.03) B  1.62 + 0.02  mK up to 7.4 T)

CG sensors are insensitive to nuclear radiation.



dT + 30 mK at 4.2 K after 10 Mgy

A constant current source of 10 uA will be used to excite the sensors. The CG sensors have calibrated data from 4.2 Kelvin ( -269(C) to 300 Kelvin ( 27(C). Each sensing element has its own discrete resistance-temperature characteristic. 

Table 1 Thin Film Carbon Glass Sensors Properties

	Type
	Thin-Film-Carbon-Sensor

	Temperature
	<0.1 K to 300 K

	Reproducibility
	mK’s at 4.2 K after 1 yr

	Stability
	+3mK at 4.2 K

	Dimensions (L x W x H)
	6 x 3 x 0.5 mm

	Resistance (Typical)
	50 ( + 10% at 300 K

100 ( + 15% at 77K

1K( + 20 % at 4.2 K


1.2     Location of the Thin-Film-Carbon-Sensors

All CG sensors are placed on specially designed adapters in inaccessible locations. For this reason there are provided redundant sensors. The redundant sensors are marked with ‘r’ after designation of sensor (for instance T_Lhe_1 is type of sensor and T_Lhe_1r is type of redundant sensor). See Schematic drawing ###-##-#### for sensor locations.
Position of thin-film-carbon sensors:

T_LHe_1(T_LHe_1r)
inside the bobbin near corner # 1

T_LHe_2(T_LHe_2r)
inside the bobbin near corner #2

T_LHe_3(T_LHe_3r)
inside the bobbin near corner #3

T_LHe_4(T_LHe_4r)
inside the bobbin near corner #4

T_LHe_IN (T_LHe_INr)
liquid helium inlet tube in the supply tube

T_LHe_OUT (T_LHe_OUTr)
liquid helium outlet tube in the supply tube

T_Lhe_LCLC
on the cold end of the left current lead

T_Lhe_RCLC
on the cold end of the right current lead

1.4
Method of Thin-Film-Carbon Temperature Measurement

A constant current source of 10 uA is used to induce a measurable temperature dependent voltage across the CG sensor. The voltage across the sensor ranges from ~0.5 mV (300K) to ~10 mV (4.2K). This small voltage is then conditioned and amplified by a Dataforth SCM5B30-02D conditioner with a gain of 10Vdc/50mV.  The amplified signal is then fed into a 1756-IF16 input module where the voltage is converted back into a resistance measurement via the linear front end calibration of the 1756-IF16 module.




IF16 Front end calibration:

Input range: 0 V to 5.125 V,  Resolution (80uV/cnt) 16 bits.
Front end Calibration: 0 to 2.5 V    is 0 Ohms to 1250 Ohms (0.04 Ohms/cnt)


Table 2 Typical CG sensor front end calibration and resolution.

	Temperature
	Resistance
	mV at 10uA
	Amplified Voltage 10V/50mV
	Front end Calibration

Ohms
	Resolution

mK/cnt

	300
	50
	0.5
	0.1
	50
	2,400

	77
	100
	1.0
	0.2
	100
	308

	4.2
	1,000
	10
	2.0
	1,000
	1.7



Each CG sensors is calibrated, as is its current source, Dataforth’s signal amplifier and PLC module.  The 1756-IF16 module also provides 60 Hz normal mode noise rejection, voltage offset and Digital Filtering of Signal.

Table 3Table 1.2 Calibration table for the thin-film Carbon Glass Temperature sensors for the Dipole Magnet.
	
	Temperature
	CG_1
	CG_1r
	CG_2
	CG_2r

	No
	[K]
	[(]
	 [(]
	 [(]
	 [(]

	1
	300
	50.2
	54.7
	53.8
	54.6

	2
	250
	54.5
	59.7
	58.9
	59.3

	3
	200
	60.8
	65.6
	64.5
	64.5

	4
	150
	68.9
	74.7
	73.8
	73.5

	5
	100
	82.1
	88.3
	87.3
	85.6

	6
	77.35
	93.4
	100
	99.2
	97.6

	7
	50
	115.1
	119.7
	118
	111.3

	8
	20
	166.8
	165.3
	159.3
	136.4

	9
	10
	391.6
	371.6
	380.5
	363

	10
	5.2
	907.8
	889.4
	980.6
	925

	11
	4.2
	1163.2
	1165.325
	1208.525
	1208.525


Table 1.3 Calibration table for the thin-film carbon Temperature sensors

	
	Temperature
	CG_3
	CG_3r
	CG_4
	CG_4r

	No
	 [K]
	 [(]
	 [(]
	 [(]
	 [(]

	1
	300
	50
	50.2
	54.7
	50

	2
	250
	54.5
	54.7
	60
	54.4

	3
	200
	61
	61.1
	66
	60.6

	4
	150
	69.4
	69.3
	75.5
	67.4

	5
	100
	83.7
	82.8
	89.4
	82.7

	6
	77.35
	94.9
	93.7
	101.3
	93.7

	7
	50
	117.1
	115.1
	120.8
	115.8

	8
	20
	171.2
	170.5
	162.3
	171.5

	9
	10
	389.8
	367.8
	392
	392.5

	10
	5.2
	885.8
	836.1
	938.3
	930.6

	11
	4.2
	1130.35
	1081.4
	1211.025
	1214.75


Table 1.4 Calibration table for the thin-film carbon Temperature sensors

	
	Temperature
	CG_In
	CG_Inr
	CG_Out
	CG_Outr

	No
	 [K]
	 [(]
	[(]
	 [(]
	 [(]

	1
	300
	49.3
	48.5
	49.5
	51.7

	2
	250
	53.9
	53.4
	54.2
	56.4

	3
	200
	59.8
	59.6
	60.2
	62.2

	4
	150
	68.2
	68.5
	68.9
	71.1

	5
	100
	81.1
	81.6
	82.2
	84.2

	6
	77.35
	90
	91
	92.3
	93.9

	7
	50
	106.7
	107.4
	111.7
	112.8

	8
	20
	146.1
	141.3
	155.7
	160.5

	9
	10
	381.8
	370.1
	386.7
	361.9

	10
	5.2
	993.2
	924.1
	931.1
	857.9

	11
	4.2
	1321.35
	1202
	1202.175
	1120.4


Table 1.5 Calibration table for the thin-film carbon Temperature sensors

	
	Temperature
	CG_LCLC
	CG_LCLCr
	CG_RCLC
	CG_RCLCr

	No
	 [K]
	 [(]
	[(]
	[(]
	 [(]

	1
	300
	48.6
	48.052
	49.1
	48.46

	2
	250
	55
	54.4
	55.4
	54.5

	3
	200
	61.2
	62.617
	61.5
	61.3

	4
	150
	70.5
	69.9
	70.3
	70.2

	5
	100
	84.9
	87.777
	87.5
	89.104

	6
	77.35
	98
	96
	98.3
	97.8

	7
	50
	122.4
	119.6
	122.8
	122.3

	8
	20
	211.4
	205.2
	210.6
	212.8

	9
	10
	362.3
	347.972
	355.3
	357.617

	10
	5.2
	656.4
	636.9
	638.96
	651.892

	11
	4.2
	806.1
	788.8
	778.4
	806


1.5
Charts representing Temperature vs. Resistance Curves

Figures 1 thru 4 show a typical CG temperature vs. resistance curve. Figure 1 is over the entire operation range of the sensor. Figures 2 thru 4 show the break up of the original data into three segments that were then fitted. Data for all the CG sensors can be found in the excel spreadsheet C\PLC\Dipole\Dipole_CG_Temperture.xls on Skylla’s hard drive.
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1.6
Thin-Film Carbon Temperature sensors Tags

In the program Thin-Film-Carbon sensors are represented by a ‘tag’, which is a memory space in the PLC. Listed below are the CG sensor variables tags and their description.
	Variable
	Description

	T_Lhe_1 to T_Lhe_4
	Dipole:5:I.Ch8Data to Dipole:5:I.Ch11Data

	T_Lhe_In 
	Dipole: 5:I.Ch12Data

	T_LHe_Out
	Dipole: 5:I.Ch13Data

	T_LHe_L_CL_C
	Dipole: 5:I.Ch14Data

	T_LHe_R_CL_C
	Dipole: 5:I.Ch15Data

	CG_high_value
	1230

	CG_Low_value
	40

	CG_IN_High_value
	1325

	CG_CL_High_value
	900

	T_Lhe_1error to T_Lhe_4error

T_Lhe_Ierror

T_Lhe_Oerror

T_Lhe_Lerror

T_Lhe_Rerror

Carbon_error
	Warning Outputs

Warm Up error


2
PRESSURE

The pressure measurement includes the measurement of the nitrogen pressure, the helium pressure and the vacuum pressure in the HMS dipole magnet and in the reservoir.

2.1 Helium and Nitrogen Pressure measurement

2.1.1 Pressure Sensors

The pressure of helium and nitrogen will be measured with absolute pressure transducers of type P6P/5bar from Hottinger Baldwin Me(technik GmbH. The sensing element consists of a membrane with thin film strain gauge application in a full bridge circuit.

	Type
	P6P/%bar

	Principle of sensor
	1 K( full bridge (string gauges)

	Class of accuracy
	0.2

	Measurement range
	5 bar

	Characteristics at 5 bar
	2mV/V

	Natural freq. Of membrane
	9 kHz

	Temperature range
	-40 to +100 ( C

	Pressure range (T=23 (C)
	0 to 130 %

	Overload Pressure (T=23 (C)
	10 bar

	Supply voltage of full bridge
	2.5 V to V


Table 2.1: Characteristics of the P6P/5 bar pressure sensor

2.2
Location of Pressure Sensors

The pressure sensor of type P6P/5bar, for measuring the helium pressure, is placed on the top plate of the reservoir. Via a capillary tube the sensor detects the pressure in the liquid helium supply line. In the description and schematics the helium pressure valve is labeled p_He.

Similarly the pressure sensor of type P6P/5bar, for measuring the nitrogen pressure, is placed on the top plate of the reservoir. Via a capillary tube the sensor detects the pressure in the liquid nitrogen supply line. In the description and schematics the nitrogen pressure value is labeled p_N2.

2.3     Method of Pressure Measurement

The signal from Combivac CM-31, controller for the vacuum gauges, is brought in to the 1756-IF16 and its front end calibration is:
Front end calibration:

       P_He: Dipole:6:I.Ch10Data



Input range: -10 V to 10 V



Calibration: 0 to 3.3 V    is 0 to -1302 

       P_N2: Dipole:6:I.Ch11Data



Input range: -10 V to 10 V



Calibration: 0 to 3.1 V    is 0 to -1255

       Thermo_x:  Dipole:6:I.Ch12Data


          
Input range: 0 V to 10 V



Calibration: 0 to 10 V    is 0 to 10

       Penning_x:  Dipole:6:I.Ch13Data


          
Input range: 0 V to 10 V



Calibration: 0 to 10 V    is 0 to 10

2.4 Vacuum Pressure Measurement

2.4.1 Vacuum Pressure Sensors

The vacuum pressure measurement occurs with two vacuum gauge heads from Leybold AG. The THERMOVAC gauge head TR201KF is used for the measurement of the absolute pressures in the rough and fine vacuum range. The actual pressure-sensing element within the gauge head is a tungsten filament. 

	Type
	THERMOVA TR201KF

	Measurement range
	10 –3 to 103  mbar

	Measurement filament
	Tungsten

	Temperature range
	0 to 40 ( C

	Filament Temperature
	110 ( C

	Max ambient temperature
	65 ( C


Table 2.2: Characteristics of the THERMOVAC gauge head TR201 KF

The range between 10 –9 to 10 –2  mbar will be measured with a PENNIGVAC gauge head PR35. The actual measurement chamber of the gauge head contains the anode ring with the anode pin and the cathode plate.

	Type
	PENNINGVAC PR35

	Measurement range
	10  –9 to 10 –2  mbar

	Supply voltage
	3.3 kV

	Nominal temperature
	80 ( C

	Max ambient temperature
	65 ( C


Table 2.3: Characteristics of the PENNINVAC gauge head PR35

2.4.2 Location of Vacuum Pressure Sensors

Both, the THERMOVAC gauge head TR201KF and the PENNINGVAC gauge head PR35, to detect the vacuum pressure p_Vac, are placed on the lateral area of the reservoir.

2.4.3
 Method of Vacuum Pressure Measurement

Thermovac:

                      Ua = 10/6 (log p + 3)

 

Ua: volts



P: mbar/Torr

P = 10 (0.6 Ua –3) 

Penningvac:

                      Ua = 10/7 (log p + 3)

                      Ua  : volts



P   : mbar/Torr

p = 10 (0.6 Ua –3)

	Variable
	Description

	Thermo _X
	Dipole: 6:I. Ch12Data

	Penning_X
	Dipole: 6:I. Ch13Data

	P_he
	Dipole: 6:I. Ch10Data

	P_N2
	Dipole: 6:I. Ch11Data

	P_vac
	Output

	P_vac_error
	Warning output

(Not (switch) and Thermo_error) or (switch and Penning_error)

	Vac_switch
	-2398 = 10(2398/1000)  = 4* 10 -3 mbar

	Thermo_min
	-2900 = 10 –2,9= 1.259* 10 –3 mbar

	Thermo_max
	2900 = 10 2,9= 794.3 mbar

	Penning_min
	-8900 = 10 -8.9= 1,259 10 –9 mbar

	Penning_max
	-2100 = 10-2,1= 7.94 10 –3 mbar

	Thermo_error
	[Value of Thermovac (connector)< Thermo_min) or (Value of Thermovac (connector) > Thermo_max]

	Penning_error
	[Value of Penningvac (connector)< Penning_min) or (Value of Penningvac (connector) > Penning_max]

	P_He_error
	Output warning

(P_He < 0) or (p_He> p_He_max)

	P_N2_error
	Output warning

(p_N2<0) or (p_N2 > p_N2_max)


Table 2.4: Variable tags and description

3
FORCES

The strain gauge measurement includes the force measurement of strain studs in the tension links.

3.1 Strain Gauge Sensors

The constantan strain gauges CEA-06-125UT-350 are strain gauges with wire lattice in two directions. 

	Type
	CEA-06-125UT-350

	Temperature range
	100 (C to 400(C

	Strain Limits
	Approx. 5% of strain length

	Nominal Resistance
	350.0 + 0.4 %

	Gauge Factor (at 24(C)
	2.11 + 1.0 %

	Transverse sensitivity (at 24(C)
	(+0.7 + 0.2%)


Table 3.1: Characteristics of the strain gauge sensors

3.2 Location of Strain Gauge Sensors

The strain gauge sensors are placed in the strain studs of the support links. Each strain stud is equipped with four strain gauges across the circumference at distances of 90(. Two opposite strain gauges in a strain stud are connected to a full bridge circuit and measure the stress of the link.

Position of the strain gauge sensors:

F_R1 (F_R1r): sensors on the right strain stud corner #1 of HMS dipole

F_L1 (F_L1r): sensors on the left strain stud corner #1 of HMS dipole

F_R2 (F_R2r): sensors on the right strain stud corner #2 of HMS dipole

F_L2 (F_L2r): sensors on the left strain stud corner #2 of HMS dipole

F_R3 (F_R3r): sensors on the right strain stud corner #3 of HMS dipole

F_L3 (F_L3r): sensors on the left strain stud corner #3 of HMS dipole

F_R4 (F_R4r): sensors on the right strain stud corner #4 of HMS dipole

F_L4 (F_L4r): sensors on the left strain stud corner #4 of HMS dipole

3.3 Method of the Strain gauge measurement

The forces measured from the tension links are brought in to the signal conditioner Dataforth SCM5B38-35D, after being processed is sent to 1756 IF16. 

Front end calibration:

F_R1: Dipole:8:I.Ch8Data 



Input range: -10 V to 10 V



Calibration: -9.99 to 10 V is 2.0 to -2.0 


Sensor Offset: 0.5

F_L1: Dipole:8:I.Ch9Data 



Input range: -10 V to 10 V



Calibration: -10.0 to 10 V is 1.99 to -1.99 


Sensor Offset: 0.27

F_R2: Dipole:8:I.Ch10Data 



Input range: -10 V to 10 V



Calibration: -10.0 to 10 V is 2.0 to -1.99 


Sensor Offset: 0.39

F_L2: Dipole:8:I.Ch11Data 



Input range: -10 V to 10 V



Calibration: -10.0 to 10 V is 1.99 to -1.99 


Sensor Offset: 0.68

F_R3: Dipole:8:I.Ch12Data 



Input range: -10 V to 10 V



Calibration: -10.0 to 10 V is 1.99 to -1.99 


Sensor Offset: 0.58

F_L3: Dipole:8:I.Ch13Data 



Input range: -10 V to 10 V



Calibration: -10.0 to 10 V is 1.99 to -1.99 


Sensor Offset: 0.17

F_R4: Dipole:8:I.Ch14Data 



Input range: -10 V to 10 V



Calibration: -10.0 to 10 V is 1.99 to -1.99 


Sensor Offset: 0.34

F_L4: Dipole:8:I.Ch15Data 



Input range: -10 V to 10 V



Calibration: -10.0 to 10 V is 2.0 to -1.99 


Sensor Offset: 0.22

	Variable
	Description

	F_R1 

F_R2

F_R3

F_R4

F_L1

F_L2

F_L3

F_L4
	Dipole:8:I.Ch8Data 

Dipole:8:I.Ch 10Data

Dipole:8:I.Ch 12Data

Dipole:8:I.Ch 14Data

Dipole:8:I.Ch9Data

Dipole:8:I.Ch11Data

Dipole:8:I.Ch13Data

Dipole:8:I.Ch15Data

	F_R1_error to F_R4_error

F_L1_error to F_L4_error
	Warning output 

	F_error
	Summary of the warnings

	Weight
	Output

	Weight_min
	70kN

	Weight_max
	90kN

	Weight_error
	Output warning


Table 3.2: Variable tags and description

3.3.1
Calculation of the forces from the tension links
F_R1_error: = Sensor broken (fault on the channel) or (F_R1< 0(NULL)) or (F_R1 > F_max)

F_max: = 4500: = 45KN-warning level

Weight Calculation

In this weight calculation there are only the 8 forces from the tension links included. If there is a weight on the support posts the weight calculation will be wrong. This case is possible during cool down and excitation of the magnet.

Weight: = F_R1 + F_L1 * cos15 * cos27.8 + F_R2 + F_L2 * cos15 * cos1.3

                       D_1000



     D_1000






- F_R3 + F_L3 + F_R4 +F_L4 * cos15* cos17.1


D_1000

Weight_error: = (weight > weight_max) or (weight < weight_min) or F_error

4
PT100

The temperature measurement includes the measurement of nitrogen and helium and cooled parts of HMS dipole magnet as well as the temperature of the heat exchanger

4.1 PT-100 temperature calculation

This temperature measurement is used to monitor and control the temperature of

· Liquid nitrogen shield of the dipole magnet

· Nitrogen inlet and outlet tubes of the dipole magnet

· Warm end of current leads

· Nitrogen temperature of the heat exchanger

4.1.1  PT-100 Temperature Sensor

About 60 Kelvin, the temperature will be measured with platinum resistance thermometers. The temperatures of the nitrogen-cooled shield as well as the temperatures of the supply and return line are measured with sensors of the series P100/1515 from Merz Me(fuhlertechnik GmbH. The platinum resistance thermometer is usable for sensing temperature between 53Kelvin and 1073 Kelvin.

	Type
	P 100/1515

	Resistance at 273.15K
	100(

	Type encapsulation
	Ceramic

	Temperature range
	53K to 1073 K

	Self heating coefficient
	0.03 K/mW

	Temperature coefficient
	0.00385 (/(/K

	Body length
	15 mm

	Body diameter
	4.5 mm

	Lead Length
	8 mm

	Lead diameter
	0.4 mm


Table 4.1: Characteristics of the PT 100 temperature sensor

4.2 Location of PT-100 sensors

Inside the cryostat the PT-100 sensors are placed on the nitrogen cooled shield, on the liquid nitrogen inlet tube, and on the nitrogen outlet tube. These sensors are mounted at places with difficult access. For this reason there are provided redundant sensors. Outside the cryostat PT-100 sensors are placed on the warm side of vapor cooled current leads. In the description, redundant sensors are marked with ‘r’ after designation of sensor (for instance T-LN2_1 is type of sensor and T_LN2_1r is type of redundant sensor).

Except the sensors on the warm side of the current leads all the PT-100 temperature sensors are mounted on special designed adapters. The sensor on the warm side of the current leads are PT-100 foil sensors and fixed in a clamp mounted and then mounted on the current leads.

Position of the PT-100 sensors:

T_LN2_1(T_LN2_1r)
sensors on the nitrogen shield near corner #1

T_LN2_2(T_LN2_2r)
sensors on the nitrogen shield near corner #2

T_LN2_3(T_LN2_3r)
sensors on the nitrogen shield near corner #3

T_LN2_4(T_LN2_4r)
sensors on the nitrogen shield near corner #4

T_LN2_IN(T_LN2_INr)
sensors on the nitrogen inlet tube in the supply tube

T_LN2_OUT(T_LN2_OUTr)sensors on the nitrogen outlet tube near corner #2

T_LHe_LCLW

sensor on the warm end of the left current lead

T_LHe_RCLW

sensor on the warm end of the right current lead

T_HX



sensor on the heat exchanger

4.3
Method of PT 100 measurements
All the platinum resistance thermometers series P 100/1515 are conform to IEC751 standard (class B)

The temperatures of the warm side of the vapor cooled current leads are measured with platinum-resistance-foil-temperature sensors of the series S651PDX24B TELEMETER ELECTRONIC GmbH. The platinum resistance thermometers are usable for sensing temperature between 233 Kelvin and 450 Kelvin

	Type
	S651PDX24B

	Resistance at 273.15K
	100(

	Type encapsulation
	Polymid

	Temperature range
	233K to 450K

	Temperature coefficient
	0.00385 (/(/K

	Body length
	8 mm

	Body width
	8 mm

	Lead Length
	900 mm

	Lead diameter
	AWG 30


Table 4.2: Characteristics of the PT 100 temperature foil sensor

The forces measured from the tension links are brought in to the signal conditioner Dataforth SCM5B38-35D, after being processed is sent to 1756 IF16. 

Front end calibration:

T_He_L_CL_W: Dipole:5:I.Ch0Data 



Input range: 0 V to 5V



Calibration: 0 to 5 V is 73.15 to 373.16



Digital Filter: 2500ms 


T_He_R_CL_W: Dipole:5:I.Ch1Data 



Input range: 0 V to 5 V



Calibration: 0 to 5 V is 73.15 to 373.15

T_LN2_1: Dipole:5:I.Ch2Data 



Input range: 0 V to 5 V



Calibration: 0 to 5 V is 72.95 to 373.06 

T_LN2_2: Dipole:5:I.Ch3Data 



Input range: 0 V to 5 V



Calibration: 0 to 5 V is 72.95 to 373.06 

T_LN2_3: Dipole:5:I.Ch4Data 



Input range: 0 V to 5 V



Calibration: 0 to 5 V is 73.15 to 373.15 

T_LN2_4: Dipole:5:I.Ch5Data 



Input range: 0 V to 5 V



Calibration: 0 to 5 V is 73.15 to 373.15 

T_LN2_In: Dipole:5:I.Ch6Data 



Input range: 0 V to 5 V



Calibration: 0 to 5 V is 73.15 to 373.15 

T_LN2_Out: Dipole:5:I.Ch7Data 



Input range: 0 V to 5 V



Calibration: 0 to 5 V is 73.15 to 373.15 


The nitrogen shield temperature and the heat exchanger temperature are brought in as 0-5V, which is then converted to read temperatures in K.

	Variable
	Description

	T_LN2_1 to T_LN2_4

T_LN2_In

T_LN2_Out

T_Hx
	Output variables

Dipole: 5:I. Ch2Data to

Dipole: 5:I. Ch7Data

	T_LN2_1error to T_LN2_4error

T_LN2_Ierror

T_LN2_Oerror

T_he_error
	Warning output

	T_LN2_error
	Summary of the nitrogen temperatures

	Pt100_T_min
	 = 76K

	Pt100_T_max
	= 320K

	Pt100_T_maxC
	= 85K

	Cd_LN2_level
	LN2 level control status from Task CD


Table 4.3: Variable tags and description

T_LN2_1error= (T_LN2_1 < Pt100_T_min) or (T_LN2_1 > Pt100_T_max) or Broken sensor

Current leads warm end temperature

	Variable
	Description

	T_He_L_CL_W

T_He_R_CL_W
	Dipole: 5:I. Ch0Data

Dipole: 5:I. Ch1Data

	T_He_Lerror

T_He_Rerror
	Warning output


T_He_Lerror: = (T_He_L < PT100_CL_min) or (T_He_L < TP100_CL_max)

PT100_CL_off: = 273.2 K

PT100_CL_max:: = 305K 


High warning level

PT100_CL_min: = 250 K


Low warning level

5 Control Valves

The valves are used for the control of the flow of liquid cryogens, cool down gas, and exhaust gas to and from the cryogenic system of the HMS dipole magnet. The valve actuators provide the positional control for the valves. Each valve actuator consists of a valve actuator support assemble, a Linear-Voltage-Differential-Transducer (LVDT), an electric linear actuator.

5.1 Control Devices of the Valve Actuators

5.1.1 Linear-Voltage-Differential-Transducers

A Linear-Voltage-Differential-Transducer (LVDT) is applied to indicate the seat position of a valve. An operator at the PLC has the capability of seeing any position from 0% (soft seat) to 100% (full open), and also negative percent valve position, which indicates the valve is fully seated.

The LVDT contains three galvanic separated coils. A magnetic stainless steel housing provides electromagnetic and electrostatic shielding. The lightweight core in the center bore of the cylindrical housing varies the electrical coupling between the coils, dependent of its position.

The LVDT core motion is the sum of stroke length and 1/16 inch seating motion of the motor mounting plate at the valve actuator assembly.

	Type
	MHR 250

	Input Voltage
	3 V rms (nominal)

	Frequency range
	400 Hz to 20 KHz

	Temperature range
	220K to 420 K

	Null voltage
	<0.5 % full scale outpout

	Housing material
	AISI 400

	Housing dimensions:
	

	Diameter
	9.53 mm

	Length
	47 mm

	Core dimensions:
	

	Diameter
	2.75 mm

	Length
	28.5 mm


Table 5.1: Characteristics of the LVDT

5.1.2     Electric Linear Actuator Drive Motors

The valve actuator is capable of strokes up to 5/8 inch with a seating force of 200 pounds. The stroke speed is approximately 30 seconds full stroke with continuous drive.

	Type
	SURA part #001

	Supply voltage
	24 Vdc

	Current
	1.5 A

	Power
	36 W

	Dimensions (Actuator):
	

	Length
	Approx. 0.20 m

	Width
	Approx. 0.20m

	Height
	Approx. 0.25 m


Table 5.2 Characteristics of the actuator drive motor

5.2 Location of Valve Actuators

The valve actuators for the JT valves are located on the top plate of the reservoir. The valve actuators for the current lead return gas are located on the lateral side of the reservoir.

Designation of the valves:

JTV1
JT control valve for liquid helium supply to the magnet during cool down.

JTV2
JT control valve for gaseous helium supply to the magnet during cool down.

JTV3
JT control valve for liquid nitrogen supply to the magnet during cool down.

JTV4
JT control valve for liquid nitrogen supply to the reservoir.

JTV5
JT control valve for liquid helium supply to the reservoir.

JTV6
JT control valve for cold helium gas return from the reservoir.

V_LCL
Valve for controlling the helium gas consumption through the left current lead.

V_RCL
Valve for controlling the helium gas consumption through the right current lead.

5.3 Method of Valve Positional Control

The LVDT halfbridge, via the Modular LVDT signal conditioner (LVC-2412), sends the control valve (true-valve) position to a 1756 IF-16 Allen Bradley module. In case of automatic control (switch in “Auto” position), the digital output signal activates the relay on the relay card for opening (or closing) the valve. The motor opens (or closes) the valve, until the deviation between the set-value and the true-value becomes a minimum. 

In manual mode (switch in “Man” position), the operator can open (or close) the valve by pressing the switch on the front panel to the chosen position. The signals from the LVDT sensors are brought into a Macro sensor LVC-2402. 

Front end calibration:

S1_LVDT_true to S9_LVDT_true: Dipole:5:I.Ch1Data to Dipole:5:I.Ch9Data



Input range: 0 mA to 20mA



Calibration: 4 to 20 mA  is -9 to 100

S10_LVDT_true: Dipole:5:I.Ch10Data 



Input range: 0 mA to 20mA



Calibration: 0 to 20 mA  is 0 to 20

5.4 Adjustment of LVDT

5.4.1      Mechanical adjustments of the end switch

At all standard CEBAF valves the difference between opened and closed position is 9/16”. Both valves for the control of the current leads flow have a width of 7/16”. At first you have to set the screws at the limit switches of the valves so that the distance between the Softseat (0%) and full open (100%) is 9/16” (7/16”). This may be done with a caliper and the blue current controlled power supply from the valve tools.

5.4.2     Adjustment of the LVDT

The LVDT’s are measured with a ‘macrosensor’. For the current loop calibration, adjust the Zero control on the macrosensor for a loop current of 12mA. De-energize the module, after establishing the required connections, re apply DC power to the module, and move the LVDT’s core or body to read 12 mA. This position is the true null position of the sensor and the point from which subsequent measurements are made.

(Refer: Instruction Manual Low Voltage DC-Operated Modular LVDT Signal Conditioner Model LVC-2412)

5.5 Variable Tag information

	S1_LVDT_true to s9_LVDT_true
	Valve position output 

Dipole:7:I.Ch1Data to 

Dipole:7:I.Ch9Data

	S1_LVDT_fault to S9_LVDT_fault
	Channel faults

	S1_error to s9_error
	Valve position warning

	S_error
	Summary warning output

	S1_set to s9_set
	Input from task VALVES

	HMI_valvesManual
	Key-switch position, input from HMI

	Cd_Lhe_Level
	Status Lhe level control from Task CD

	T_he_error
	Heat exchanger sensor warning from task PT100

	LVDT_max
	 105%

	LVDT_min
	-10.5%

	Ds_max
	5% 

Upper warning level

	Ds_min
	-5%

Lower warning level

	T_ds_maxN2
	1200000 msecs 

Delay time for Nitrogen valves

	T_ds_maxHe
	700000 msecs

Delay time for Helium valves

	Sec
	300msecs


Table 5.3: Variable tags and description

6 Flow Level

The mass-flow meters measures the vaporized helium flow through the pair of high current leads.

6.1 Mass-Flow sensors 

The mass-flow meter, series MKS 0758A, is designed to provide accurate and repeatable control of gas flow. The mass-flow meter measured the flow by measuring the power required to maintain a pre-established temperature profile along a laminar flow sensor tube. 

Upon entering the flow meter, the gas stream is divided into two parallel paths. The first path is directed through the sensor tube, the second goes through the changeable bypass. The two paths provide a length to diameter ratio of greater than 100:1 assuring laminar flow. 

In the flow-meter, resistance heaters are wound on the sensor tube and form the active legs of bridge circuits. Their temperatures are established so that a voltage change on the sensor winding is a linear function of a flow change, This signal is then amplified to provide a 4 to 20 mA output.

	Type
	MKS 758-100L-RK

	Full scale range ( for nitrogen)
	100 slm

	Accuracy
	1.0% of F.S

	Repeatability
	+0.2 % of F.S

	Resolution
	+0.1 % of F.s

	Operating temperature range
	288K to 413 K

	Warm up time
	30 minutes

	Maximum inlet pressure
	150 psig

	Pressure Coefficient
	0.005 % reading/psi

	Minimum pressure drop
	0.15 to 1.25 psid @ atm

	Input Voltage at start-up
	400 mA

	Output signal
	4 to 20 mA

	Isolation voltage
	1500 volts

	Leak integrity 
	< 10-9 scc/sec (helium)


Table 6.1 Characteristics of the MKS mass-flow meter

The operation of the mass-flow meters was checked with gaseous helium at 290 Kelvin.

6.2 Location of Mass-Flow sensors

Each vapor cooled current lead has its own helium gas return pipe. For measuring the gas flow though the current leads, mass-flow meters are built-in the helium gas return pipes behind the control valves. The mass-flow meters MLS 0785A are located on the lateral area of the reservoir. They indicate the mass-flows m_flow_LCL and m_flow_RCL.

6.3 Method of Mass_Flow measurement

For powering the resistance heater, the MKS 0785Z mass-flow meters are supplied by an external 24 Vdc power supply. The mass-flow meters send a flow dependent current output signal to the Signal Conditioner. 

The control program generates the flow value by consideration of the gas correction factor for helium (GCF He). The GCF He  is a function of specific heat, density, and the molecular structure of the gas. If nitrogen is the baseline gas, the GCF He is determined by using the following equation:

GCF He  = (N2  . CpN2  . SHe 




(N2    = 1.250 g/l



(He   . CpHe




CpN2  = 0.2485 cal/g.K









 (He    = 0.1786 g/l









CpHe = 1.241 cal/g.K









SHe   = 1.030

GCF He = 1.4435

(X

Density of gas x

CpX

Specific heat of gas x

SX

Molecular structure correction factor for monatomic gas X.

To calculate the mass-flow value of helium, use the following equation:


mHe = mN2


GCF He

Front end calibration:

m_flow_Lx and m_flow_Rx : Dipole:6:I.Ch0Data and Dipole:6:I.Ch1Data



Input range: 0 mA to 20mA



Calibration: 4 to 20 mA is 0 to 8300

I_coarse: Dipole:7:I.Ch13Data



Input range: 0V to 10V



Calibration: 0 to 10 V is 0 to 3000

6.5 Variable tag information

	Variable
	Description

	M_flow_Lx

M_flow_Rx
	Dipole: 6:I. Ch0Data

Dipole: 6:I. Ch1Data

	I_coarse
	Dipole: 7:I. Ch13Data

	Flow_increasing_factor
	1.2

	m_flow_max

m_flow_min
	8325 l/h

84 l/h

	M_flow_set
	Set value for the mass flow unit [l/h]

	h_LN2_error

h_LHe_error
	Sensor warning

	M_flow_error
	Summary of right and left mass flow sensor warning

	h_LN2

h_Lhe
	Nitrogen Level Unit [%]

Dipole: 6:I. Ch14Data

Helium level unit [%]

Dipole: 6:I. Ch15Data

	h_LHe_max

h_LHe_min
	99 %

15%

	h_LN2_max

h_LN2_min
	99 %

20 %

	T_LN2_error
	Summary of the nitrogen temp. Warnings from task PT100

	T_LHe_error
	Summary of the helium temp. Warnings from task CARBON GLASS

	cd_Lhe_Level
	Helium level control cooling status from task CD

	P_He_Interlock
	Helium pressure interlock

	P_N2_Interlock
	Nitrogen pressure interlock

	Error
	Summary of all warnings

	P_Vac_error
	Vacuum pressure warning

	S_error
	Summary of the LVDT sensor warnings from task LVDT

	F_error
	Summary of the forces warnings from task FORCES

	cd_LN2_Level
	Nitrogen level control cooling status

	no24V_error
	24V supply warning

	U_error
	Summary of the voltage warnings from task VOLTAGE

	RampCtrlErr
	Ramp up and field control error from task NMR

	a0_flow
	3340 l/h

	a2_flow
	88 l/h


Table 6.2: Variable tags and description
I_true = ADC_readback_MPS * 10 * 3000 
    



  999999

I_Max = The greater value between I_true and I_Coarse

M_flow_set: = [(( I_max )2  * a2_flow )+ a0_flow ] * Flow_increasing_factor

     1000     


             
Summary of mass flow warning

h_LN2_error: = (h_LN2 > h_LN2_max) or (h_LN2 < h_LN2_min)

h_Lhe_error: = (h_LHe > h_LHe_max) or (h_LHe < h_LHe_min)
7
Cool Down

In this task the set values for the values are calculated for all the cooling functions.

The main cooling functions are

· Cool-down

· Warm up

· Stand by

· Cooling error

The status cooling error shows that no cooling function is selected.

General Calculated values

T_LN2_max: = MAX (T_LN2_1, T_LN2_2, T_LN2_3, T_LN2_4)

T_LHe_max: = MAX (T_Lhe_1, T_Lhe_2, T_Lhe_3, T_LHe_4, T_LHe_In, T_LHe_Out)

T_LHe_min: = MIN (T_Lhe_1, T_Lhe_2, T_Lhe_3, T_LHe_4, T_LHe_In, T_LHe_Out)

T_Lhe_av: = (T_Lhe_1+T_Lhe_2+T_Lhe_3+T_Lhe_4) / 4
	Variable
	Description

	T_LN2_1 to T_LN2_4

T_LN2_1error to T_LN2_4error
	Nitrogen shield temperatures and sensor warnings from task PT100

Dipole: 5:I. Ch2Data to 

Dipole: 5:I. Ch5Data

Warning Outputs

	T_LHe_1 to T_LHe_4

T_LHe_1error to T_Lhe_4error
	Bobbin temperatures and sensor warnings from the task CARBON GLASS

Warning outputs

	T_He_Delta_2
	70K (User defined limits)

	T_He_Delta
	50K (User defined limits)

	Delta_T3_W
	Temperature range check

	Delta_T1_W
	Temperature range check

	Delta_T2_W
	Temperature range check

	Delta_pipe
	Difference between temperatures between inlet gas and average magnet temperature.





Table 7.1: Variable tags and description

N2_error: = T_LN2_error or T_LN2_2error or T_LN2_3error or T_LN2_4error

He_error: = T_Lhe_1error or T_Lhe_2error or T_Lhe_3error or T_Lhe_4error

7.1
Helium cool down logic

The cool down of the magnet is worked in four steps. The cool down functions are

·  Cool down with temperature controlled helium gas.

· Cool down the Lhe pipe

· Cool down the magnet with Lhe

· Lhe level control

It is possible to select one or more cool down functions. If all functions are selected the magnet will be cooled automatically. Make sure, that the warm helium return manual valve is open and the check valve opener is in close position during cool down.

	Variable
	Description

	T_Warm_gas

T_pipe

T_magnet

T_Lhe_level
	These bits are on if the temperatures of the magnet are in the range between the levels to switch

	S_warm_gas
	85 K

	T_S_pipe
	50 K (Temperature to start cooling cool-down pipe) 

	S_Level
	20

	Warm_up

Stand_by

Stop_cooldown
	HMI input

	Cool_down
	Magnet is cooling down

	Start_cd
	HMI tag to start cool down

	CD_Stop
	Stops cool down, if HMI stops cool down or standbys, or if there is a warm up, or if there is a cool down error, 

	cd_error
	Invalid status state.

Cool down state is undetermined.

	cd_pipe_enabled
	HMI input

	cd_LHe_Magnet_enabled
	HMI input

	cd_LHe_level_enabled
	HMI input

	Heat_exchanger_start
	HMI input

	cd_warm_gas

cd_pipe

cd_LheMagnet

cd_LHe_level
	Cool down status bits output 


Table 7.2: Variable tags and description


[image: image1.wmf]Temp_

A

v

 >90

K

Temp_

A

v

 >

50K

Liquid

level >

20%

Heat Exchanger

+ 4.5

K

 He

JT1

/

JT2

Heat Exchanger

Open

JT2

300

K

 to

80K

Top Fill Magnet

JT5

/

JT6

Yes

Yes

Yes

No

No

Bottom Fill 4.5

K

 He

Open

JT1

No


Fig 7.1: Helium cooldown state logic
7.2
Helium warm up logic
The warm up of the magnet is working in two steps.

The warm up functions are 

· Warm up delay

· Warm up with temperature controlled helium gas

It is possible to select one or both warm up functions. If all functions are selected the magnet will be warmed automatically. Make sure, that the warm helium return manual valve is open and the check valve opener is in close position.

	Variable
	Description

	wu_delay

wu_warm_gas
	Status bits

	
	

	cd_inhibit_O
	Inhibit helium cooling from task CD_IN

	T_cd
	10 ms 

	S_WU
	2500 = 250K

Temperature level to switch off warm up

	S_WU_max
	200K

height level to switch between wu_delay and wu_warm_gas

	Warm_up_completed
	


Table 7.3: Variable tags and description
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Fig 7.2: Helium warm up logic
7.3
Nitrogen Cool down logic

The cool down of the nitrogen shield is working in two steps. The nitrogen cooling functions are

· Cool down the shield with LN2

· LN2 level
The program selects automatically the nitrogen cooling function. In case of the main cooling functions cool down or stand by is selected the nitrogen cooling is active

	Variable
	Description

	H_LN2
	Dipole: 6:I. Ch14Data

	cd_LN2

cd_LN2_level
	Nitrogen cooling status bits

	S_LN2_max
	100 = 100K

	S_LN2_G2
	20%


Table 7.4: Variable tags and description
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Fig 7.3: LN2 Standby

7.4
Variable tag information

	Variable
	Description

	V_close
	-7

	V_open
	90

	S1_pipe

S2_pipe
	Set point from pipe cooldown, PID controller

	S1_auto

S3_auto

S5_auto

S6_auto

S7_auto

S8_auto
	Auto position for cool down LHe magnet.

	S1_max to S10_max
	Set point from max flow PID loop controller.

	S1_min to S10_min
	Minimum valve position for auto control

	S1_set
	Valve set position for auto control, set point of POSP_JT1

	S2_set
	Valve set position for auto control, set point of POSP_JT2

	S3_set
	Valve set position for auto control, set point of POSP_JT3

	S4_set
	Valve set position for auto control, set point of POSP_JT4

	S5_set
	Valve set position for auto control, set point of POSP_JT5

	S6_set
	Valve set position for auto control, set point of POSP_JT6

	S7_set
	Valve set position for auto control, set point of POSP_JT7

	S8_set
	Valve set position for auto control, set point of POSP_JT8

	S9_set
	Valve set position for auto control, set point of POSP_JT9

	S10_set
	Valve set position for auto control, set point of POSP_JT10

	S11_set
	Valve set position for auto control, set point of POSP_JT11

	Cd_pipe
	Status bit for cool down pipe

	Wu_pipe
	Status bit for warm up pipe

	S1_manual to S11_manual
	Control bit to put valve in PLC manual mode.

	S1_man_max to S11_man_max
	Upper limit of valve in PLC manual mode.

	S1_man_min to S11_man_min
	Lower limit of valve in PLC manual mode.

	S1_man to S11_man
	Set point in manual mode HMI input.

	PLC_control
	Key switch bit, PLC control or local rack control

	S1_pipe_P

S2_pipe_P

S1_max_P

S2_max_P

S5_max_P

S5_P

Sf_P_out

S9_P_out

S10_P
	Proportional gain for PID

	S1_pipe_I

S1_pipe_I

S1_max_I

S2_max_I

S5_max_I

S5_I

Sf_I_out

S9_I_out

S_10_I
	Integral gain for PID

	H_LN2_lower
	60

	CFI6711C
	Helium 4.2 K flow to Hall C [g/s]

	CEV6711C
	Helium 4.2 K flow limit. ESR set point.

	CEV6711C_Op
	Helium 4.2 K flow limit. PLC limit 

	CFI6711C_LL
	Helium 4.2 K flow lower limit. PLC limit Flow to hall should not drop below this value.

	CFI60DLP
	

	CFI60DLP_Limit
	

	V_max
	

	Valve_Cycle_time
	Period of output pulse in seconds

	Valve_Rate
	Open/Close rate in %/second

	JT_Max_On_Time
	Maximum time in seconds that a open or close pulse can be on.

	JT_Min_On_Time
	Minimum time in seconds that a open or close pulse can be on.

	JT1_open to JT11_open
	Control bit to open valve

	JT1_close to JT11_close
	Control bit to close valve

	h_LHe_set
	

	T_TL_1
	

	T_Return_max
	

	Set_s6_close
	

	M_flow_L
	

	M_flow_R
	

	DTWarmGasOut
	Temperature difference between bobbin temperature and helium inlet temperature

	T_HX
	Dipole:7:I.Ch0Data

	T_HX_set
	

	T_HX_LN2
	Dipole:7:I.Ch11Data

	T_HX_LN2_set
	

	BV_close
	0

	BV_open
	100


8
NMR/PSU

The NMR is used to regulate the magnetic field, communicate and control the power supply. RS232, and IEEE 488 ports, ASCII communications, on the NMR are used to talk to the Allen Bradley Flex I/O module and the MPS respectively. A custom made program for the Flex port, which was later modified was used at the software end. 

8.1 Communications

The PLC uses the local control net, to communicate to the Flex I/O over its backplane, which talks to the NMR over its application port. 

	 Enabled
	Yes

	Type



	 3

	Baud Rate 

	2400

	Parity



	None

	Data Bits

	8

	Stop Bits


	1

	RTS On


	0

	RTS Off


	1

	Handshaking


	None 


#None,RTS/CTS, DTR/DSR, XON/XOFF

	Rx Term Char Count

	1


#0 to 12 characters to delimit end of message

	Rx Term Characters

	13

	Rx Packet Length

	26

	Rx Message Timeout

	200

	Rx Intercharacter Delay

	30

	Rx Swap Bytes


	No

	Tx Message Timeout

	5000

	Tx Minimum Delay

	0

	Tx Swap Bytes


	No


Table 7.1: Configuration file of the Flex I/O port

8.2 Method of NMR/PSU measurement

Pro-Linx gateway, the manufacturers of the Flex I/O module, developed a prototype code for Jlab. This prototype was further enhanced to suit our needs. The code is in written using Function Block Diagrams and ladder logic. Function Block Diagrams (FBD), do not support ASCII communications, hence the need to use ladder logic. The commands that need to be sent out are triggered by the Human Machine Interface (HMI) that is interfaced in the FBD. The read back from the commands sent to the NMR and PSU are interpreted in the ladder logic.

In the main FBD, most of the commands that are sent out to the NMR/MPS are triggered by the HMI. 

ASCII_Subroutine_1: The Flex port reads and writes every scan. This subroutine will process the data for the MVI94ASCII module only when a new block of data has been received from the module.  If there is not a new block pending, then the next subroutine will not be called.

ASCII_Subroutine_2: The first rung makes sure that only new blocks of data are processed. A bunch of commands that need to be sent out to the NMR and MPS, are placed in an array and are sent to the NMR and MPS, every “count”. 

	Array element
	Command

	SString[1]
	$03$r$l

Command to take the NMR out of transparency.

	SString[2]
	Any command that needs to be sent to the NMR.

	SString[3]
	$05

Enquire command to read the NMR field display

	SString[4]
	S1

Reads internal instrument status.

	SString[5]
	S2

NMR signal status.

	SString[6]
	S3

Front panel status.

	SString[7]
	S4

DAC status

	SString[8]
	S5

Regulation status

	SString[9]
	S6

Alarm configuration status

	SString[10]
	S7

Alarm measurement status

	SString[11]
	$05

Enquire command. It is sent out again to read the display faster.

	SString[12]
	N$r$l

Command to put the NMR in transparency mode, so the flex can communicate with the MPS.

	SString[13]
	Any command that needs to be sent to the MPS.

	SString[14]
	CMDSTATE$r

Command to read the state of MPS, whether in 

REMOTE

LOCAL

LOCK

	SString[15]
	AD 0$r

Command to 

	SString[16]
	AD 2$r

Command to

	SString[17]
	Has been left blank because to accommodate change in program.

	SString[18]
	AD 8$r

Command to

	SString[19]
	RA$r

	SString[20]
	R3$r

	SString[21]
	S1$r


The response from the MPS and the NMR are processed and stored in tags for later use. Two timers are responsible to keep track of any communication errors. If there is no response from the NMR/MPS the timers count up to the preset value and if not reset will set a communication error bit. 


8.3 Variable tag information

	Variable
	Description

	Momentum_Input_HMI
	Momentum input from HMI

	ECL_value
	Value from NMR

	ECH_value
	Value from NMR

	B_Input_HMI
	Field input from HMI

	B_select_HMI
	HMI input 

	B_True_NMR
	Field value from NMR

	B_Delta_min
	.00008

	Dipole_Ready
	Dipole is ready when set

	HMI_Start_Excitation
	HMI input

	Regulation_Off
	HMI input

	Regulation_error
	

	HMI_Stop_Excitation
	HMI input

	LR
	Control bit

	NMR_LR
	Send command (bit) to NMR

	PSU_Sum_Interlock
	Sum of power supply interlocks

	NMR_error
	Bit indicating NMR signal lost and MPS not stable

	PSU_Remote
	Alias for MPS_cmd_state_Read.DATA[3]

	NMR_EB
	Send command (bit) to NMR

	NMR_ER1
	Send command (bit) to NMR

	ER0
	Send ER0 cmd to NMR

	NMR_Field_not_found
	Alias for

NMR_Status[7].0

	NMR_Signal_Lost
	Alias for

NMR_Status[7].2

	MPS_not_stable
	NMR_Status[7].3

	NMR_Lock
	Alias for

NMR_Status[1].5

	NMR_Task_Finished
	NMR_Status[5].0

	HMI_NMR_ER1
	HMI input: Send ER1

	HMI_PSU_On
	HMI input: Switch on MPS

	RS_PSU_On
	Reset bit

	Set_value_MPS
	Read back of MPS set value

	ADC_readback_MPS
	ADC read back of MPS

	ADC_min
	500

	MPS_PowerOn
	Send command (bit) to NMR

	HMI_PSU_Off
	HMI input: Switch off MPS

	RS_PSU_Off
	Reset bit

	MPS_PowerOff
	Send command (bit) to NMR

	HMI_Start_ECL
	HMI input

	HMI_BI_Lowpt
	HMI input

	HMI_BI_Highpt
	HMI input

	HMI_ECL_value
	ECL value calculated from HMI input

	NMR_ECL
	ECL value calculated from HMI input

	Alarm_in_6
	Alias for NMR_Status[5].1

	Alarm_in_7
	Alias for NMR_Status[5].2

	ECL_error
	Error bit

	ECL_Done
	Reset bit

	RS_Start_ECL
	Reset bit

	HMI_Set_Current_St
	HMI input

	RS_set_current
	Reset bit

	HMI_Start_ECH
	HMI input

	NMR_ECH
	Send command (bit) to NMR

	HMI_ECH_value
	ECH value calculated from HMI input

	ECH_error
	Error bit

	RS_Start_ECH
	Reset bit

	HMI_Start_ECS
	HMI input

	HMI_ECS_value
	ECS value calculated from HMI

	NMR_ECS
	Send command (bit) to NMR

	ECS_error
	Error bit

	ECS_Done
	Reset bit

	RS_Start_ECS
	Reset bit

	HMI_PSU_Reset
	HMI input: Reset MPS

	RS_PSU_Reset_Off
	Rest bit

	MPS_Reset_interlocks
	Send command (bit) to NMR

	HMI_Manual_EB
	HMI input: Field value from HMI

	NMR_Man_EB
	Send command (bit) to NMR

	HMI_Search_On
	HMI input

	NMR_Field_Search_On
	Send command (bit) to NMR

	HMI_Search_Off
	HMI input

	NMR_Field_Search_Off
	Send command (bit) to NMR

	HMI_Polarity_Neg
	HMI input

	MPS_PO_Neg
	Send command (bit) to MPS

	RS_Pol_Neg
	Reset bit

	HMI_Polarity_Pos
	HMI input

	MPS_PO_Pos
	Send command (bit) to MPS

	RS_Pol_Pos
	HMI input

	MPS_current_send
	Send command (bit) to MPS

	MPS_Wa
	Current value calculated.

	HMI_NMR_Remote
	HMI input

	NMR_R
	Send command (bit) to NMR

	HMI_NMR_Local
	HMI input

	NMR_L
	Send command (bit) to NMR

	HMI_NMR_DisplayT
	HMI input

	NMR_DisplayT
	Send command (bit) to NMR

	HMI_NMR_Auto
	HMI input

	NMR_Auto
	Send command (bit) to NMR

	HMI_NMR_Manual
	HMI input

	NMR_Manual
	Send command (bit) to NMR

	HMI_NMR_POP
	HMI input

	NMR_POLP
	Send command (bit) to NMR

	HMI_NMR_PON
	HMI input

	NMR_POLN
	Send command (bit) to NMR

	HMI_NMR_Speedwrite
	HMI input

	NMR_Speedwrite
	Send command (bit) to NMR

	HMI_NMR_Integral_Coeff
	HMI input

	NMR_Integral_Coeff
	Send command (bit) to NMR

	HMI_NMR_Mux_write
	HMI input

	NMR_Mux_write
	Send command (bit) to NMR

	HMI_NMR_Mux_range_write
	HMI input

	NMR_Mux_range_write
	Send command (bit) to NMR

	HMI_MPS_Soff
	HMI input

	MPS_SOff
	Send command (bit) to MPS

	HMI_MPS_Rem
	HMI input

	MPS_Rem
	Send command (bit) to MPS

	HMI_MPS_Goff
	HMI input

	MPS_Goff
	Send command (bit) to MPS

	HMI_MPS_Ulock
	HMI input

	MPS_Ulock
	Send command (bit) to MPS

	HMI_MPS_Local
	HMI input

	MPS_Local
	Send command (bit) to MPS

	HMI_NMR_ER0
	HMI input

	NMR_ER0
	Send command (bit) to NMR

	HMI_MPS_Slew_write
	HMI input

	MPS_Slew_write
	Send command (bit) to MPS

	HMI_NMR_Reset
	HMI input

	NMR_Reset
	Send command (bit) to NMR

	HMI_NMR_EFC_write
	HMI input

	NMR_EFC_write
	Send command (bit) to NMR

	HMI_NMR_Write_Settlingtime
	HMI input

	NMR_Write_Settlingtime
	Send command (bit) to NMR

	HMI_MPS_ERRC_write
	HMI input

	MPS_ERRC_write
	Send command (bit) to MPS

	HMI_NMR_EKI
	HMI input

	NMR_EKI
	Send command (bit) to NMR

	HMI_NMR_ET
	HMI input

	NMR_ET
	Send command (bit) to NMR

	HMI_NMR_EKP
	HMI input

	NMR_EKP
	Send command (bit) to NMR

	HMI_NMR_EM
	HMI input

	NMR_EM
	Send command (bit) to NMR

	HMI_NMR_EX
	HMI input

	NMR_EX
	Send command (bit) to NMR

	HMI_NMR_EH
	HMI input

	NMR_EH
	Send command (bit) to NMR

	HMI_NMR_EB_test
	HMI input

	NMR_EB_test
	Send command (bit) to NMR


	Variable
	Description

	MVI94ASCII
	Types ASCII

	New_Data
	Control bit

	NMR_On
	Alias for Dipole:4:O.Data.10

	PSU_timer
	Timer: checks for MPS comm. Error

	PSU_comm_error
	Bit indicating communication error

	NMR_timer
	Timer: checks for NMR comm. Error

	NMR_comm_error
	Bit indicating communication error

	Read_data_input
	Buffers readback from the NMR & MPS

	Read_data_output
	NMR(MPS) readback minus the carriage return(if any)

	CR
	String “carriagereturn” $r

	Count
	Range:0-22

	MPS_Status_Read
	Reads back the MPS status 

	NMR_GetStatus
	Bit that controls the commands going out to the NMR

	NMR_EB_cmd_sent
	EBS command sent bit

	NMR_EBSC_read
	Readback of the EBS

	NMR_cmd_Read
	Readback of any NMR command sent out in SString[2]

	NMR_Enq_CH1
	The first digit of the NMR display.

	NMR_Enq_Read
	Reads the field of the magnet

	MPS_cmd_Read
	Readback of any MPS command sent out in SString[13]

	PSU_Error_Number
	

	MPS_cmd_tim
	Waits for 20msecs for error number from MPS, if no response then next command is sent.

	Pcount
	If not incrementing the PSU is not responding

	Scount
	If not incrementing the NMR is not responding

	MPS_cmd_state_Read
	Reads the command state of the MPS whether, REMOTE, LOCAL or LOCK

	PSU_Output_current
	Output current(response to AD 0$r)

	PSU_Output_voltage
	Output voltage(response to AD 2$r)

	MPS_ADC_value
	MPS ADC readback value

	Set_value_MPS
	MPS set value readback

	MPS_Slew_value
	Slew rate of MPS

	NMR_Status
	Converted NMR Status from ASCII(hex) to decimal.

Result = (SINT[1] * 16) + (SINT[2])

	NMR_Status[4]
	Converted NMR Status from ASCII(hex) to decimal.

Result = (SINT[0] * 4096 + (SINT[1] * 256) + (SINT[2] * 16)  + SINT[3])

	Char_Cnt_OverFlow
	Latches if data to be written to NMR is greater than 10.

	Timer
	Time in between the commands being sent to NMR

	NMR_NULL_test
	Moves a null string to SString[2](NMR command) and SString[13](MPS command), after the commands have been sent to the NMR & MPS resp.

	
	

	WriteLength_hold
	Number of characters, when write string length is greater than 10.

	char_hold
	Integer part of [WriteLength_hold / 10]

	Xmit_length
	The number of characters that are processed in this scan

	Xmit

Xmit.ACC
	Counter

Number of characters that are processed each scan (b/n 1-9).

	BlockID_OnTX
	Helps to write new data only to the port

	NMR_commands_Subroutine
	

	Variable
	Description

	NMR_ER0
	Command “ER0”

	NMR_LR_cmd
	Local/Remote command

	NMR_EB_cmd
	Command  “EB” 

	NMR_EB_man_cmd
	Manual command  “EB” 

	NMR_Rst_cmd
	Command “RS”

	NMR_ER1_cmd
	Command “ER1”

	NMR_ECL_cmd
	Command “ECL”

	NMR_ECH_cmd
	Command “ECH”

	NMR_ECS_cmd
	Command “ECS”

	NMR_StartSearch
	Command”H$r$l”

	NMR_QuitSearch
	Command”Q”

	NMR_Rem
	Command”R”

	NMR_Loc
	Command local “L” 

	NMR_DisT
	Command display “T” tesla

	NMR_A1
	Command “A1”

	NMR_A0
	Command “A0”

	NMR_POP
	Command ”F1” polarity positive

	NMR_PON
	Command ”F0” polarity negative

	NMR_sear_speed
	Command “O”

	NMR_Mux_cmd
	Command ”P”

	NMR_Mux_range_cmd
	Command ”X”

	ES_settling_time
	Command ”ES”

	NMR_EKI_cmd
	Command ”EKI”

	NMR_EKP_cmd
	Command ”EKP”

	NMR_ET_cmd
	Command ”ET”

	NMR_EM_cmd
	Command ”EM”

	NMR_EX_cmd
	Command ”EX”

	NMR_EH_cmd
	Command ”EH”

	NMR_EFC_cmd
	EFC,WA $14999999$14$r$l

	NMR_EBSC_cmd
	EBS,C$r$l

	MPS_Wa_cmd
	Writes a value b/n 0 to 999999 to the regulation module to set output current. It uses a leading zero format.

	MPS_Wa_zero_cmd
	Sets output current to zero

	MPS_Slew_write_cmd
	Writes DAC 1 absolute

	MPS_PowerN
	Switches on the main contact of the power supply

	MPS_PowerF
	Switches off the main contact of the power supply

	MPS_RS
	Clears non pending interlocks

	MPS_PONeg
	Changes polarity to negative

	MPS_POPos
	Changes polarity to positive

	MPS_Remote
	Switches PS to remote operation

	MPS_GlobalF
	Switches on auxiliary output port(similar to N1)

	MPS_SlowF
	Switches off the PS and sets the set value to zero

	MPS_Unlock
	Releases the local LOCK state

	MPS_Loc_cmd
	Switches PS to local operation


9 Interlock

9.1 Variable tag information

	Variable
	Description

	Quench_max
	2800 mV

	Quench_min
	-2800 mV

	DV_max
	150mV

	DV_min
	-150mV

	Delay_SQD
	3 secs

	No_Interlocks
	No interlocks 

	Reset_Interlock
	HMI command to reset interlocks

	Sfw_QD_first
	Indicates software QD is the first interlock

	Sfw_QD_interlock
	Software QD indicates voltages out of range

	R_int_HMI
	HMI input: Reset interlock

Dipole:4:O.Data.13 

Dipole:4:O.Data.14

Dipole:4:O.Data.15

	QD_U1
	Alias of Dipole:1:I.Data.0

	QD_L1
	Alias of Dipole:1:I.Data.1

	QD_CL_L_first
	Quench Detector Current lead left interlock

	QD_U2
	Alias of Dipole:1:I.Data.2

	QD_MCoil_Left_first
	Quench detector magnetic coil left interlock

	QD_L2
	Alias of Dipole:1:I.Data.3

	QD_MCoil_Right_first
	Quench detector magnetic coil right interlock

	QD_U3
	Alias of Dipole:1:I.Data.4

	QD_L3
	Alias of Dipole:1:I.Data.5

	QD_CH3_Spare_first
	Quench detector Channel 3 spare interlock

	QD_U4
	Alias of Dipole:1:I.Data.6

	QD_L4
	Alias of Dipole:1:I.Data.7

	QD_CL_R_first
	Quench Detector Current lead right interlock

	Hw_QD_interlock
	Hardware QD interlock: sum of all QD interlocks

	H_LHe_Interlock
	Helium liquid level is outside its limits

	h_LHe_first_interlock
	Indicates that this is the first interlock

	T_mag_IntMax
	5.2 K : Set point for magnet temperature interlock

	T_LHe_1_fault to T_LHe_4_fault
	Aliases for Channel faults

Dipole: 5:I. Ch8Fault to

Dipole: 5:I. Ch11Fault

	T_LHe_L_CL_error
	Carbon glass LHe left current lead error

	T_LHe_R_CL_error
	Carbon glass LHe left current lead error

	T_LHe_R_CL_C_Fault
	Alias for Channel fault

Dipole: 5:I. Ch15Fault

	T_LHe_L_CL_C_Fault
	Alias for Channel fault

Dipole: 5:I. Ch14Fault

	T_CL_error
	Current leads error

	T_mag_interlock
	Helium magnet temperature interlock

	T_mag_first_interlock
	Indicates Helium magnet temperature is the first interlock

	T_LHe_R
	Calculated value of Carbon glass right current lead

	CL_max_temp
	Current lead max temperature

	T_LHe_L
	Calculated value of Carbon glass right current lead

	T_CL_interlock
	Indicates current leads are greater than maximum and there are channel faults

	T_CL_first_interlock
	Indicates CL are the first interlocks

	m_flow_R_fault

m_flow_L_fault
	Dipole: 6:I. Ch1Fault

Dipole: 6:I. Ch0Fault

	M_flow_interlock
	Mass flow level interlock

	M_flow_first_interlock
	Indicates flow level is the first interlock 

	F_int_max
	Maximum limit 

	F_R1_Fault 

F_L1_Fault

F_R2_Fault

F_L2_Fault

F_R3_Fault

F_L3_Fault

F_R4_Fault

F_L4_Fault
	Dipole:8:I.Ch8Fault

Dipole:8:I.Ch9Fault

Dipole:8:I.Ch10Fault

Dipole:8:I.Ch11Fault

Dipole:8:I.Ch12Fault

Dipole:8:I.Ch13Fault

Dipole:8:I.Ch14Fault

Dipole:8:I.Ch15Fault

	Force_interlock
	Indicates if forces are higher than the max and if there are channel faults.

	Force_first_interlock
	Indicates force is the first interlock

	HMI_Fast_discharge
	HMI input: to ramp down the magnet fast by energy dump

	HMI_slow_discharge
	HMI input: to ramp down the magnet slowly by power supply

	PLC_fast_discharge
	User fast discharge from HMI

	PLC_slow_discharge
	User slow discharge from HMI

	HMI_fast_discharge_first
	Indicates this is the first interlock

	HMI_slow_discharge_first
	Indicates this is the first interlock

	p_He_first_interlock
	Indicates pHe is over its limits and that this is the first interlock

	p_N2_first_interlock
	Indicates pN2 is over its limits and that this is the first interlock

	Thermovac_max
	794.3 torr

	Thermovac_min
	.001259 torr

	Thermovac_interlock
	Indicates thermovac is over its limits

	Thermovac_first_interlock
	Indicates its the first interlock

	Penning_max
	.00794 torr

	Penning_min
	1.259* 10 –9 torr

	Penning_interlock
	Indicates penningvac is over its limits

	Penning_first_interlock
	Indicates it’s the first interlock 

	He_Temp_delay
	60 secs

	dTBobbin_interlock
	He error

	dTBobb_first_interlock
	Indicates it’s the first interlock

	p_Vac_min
	.001 mbar

	Vac_delay
	60 secs

	p_vac_interlock
	Indicates that vacuum pressure is greater than its minimum for 60 secs

	p_vac_first_interlock
	Indicates it’s the first interlock

	PSU_Sum_Interlock
	Alias of MPS_Status_Read.DATA[9].0

	PSU_Sum_first_Interlock
	Indicates it’s the first interlock


10
Voltage Sensors

The voltages across the super conducting dipole coils as well as the vapor cooled current leads are detected with voltage taps on the superconductor and on both ends of each current lead. For the transmission of the voltage signal inside the cryostat and the reservoir two types of wires are used.

The voltage sense wires from the super conducting dipole coils in the cryostat to the helium reservoir are made of AWG-28 polyimid insulated wires from HABIA CABLE AB. From the soldering lug strip inside the helium reservoir to the sockets on the top of the reservoir, the voltage sense wires are AWG-24 (FEP) insulated wires from the same manufacturer. 

Both, the AEG-28 and AWG-34 voltage sense wires, are surrounded from a flexible silicone-glass-fabric tube to withstand a radiation dose of 106 Gy. All voltage taps are protected by a series 100 KOhm resistors to prevent voltage tap failure in the event of a fault to ground.

	Type
	HT 2807 TF (AWG 28)

	Conductor
	Silver plated copper

	Strands
	7 X 0.13 mm

	Diameter
	0.38mm

	Area
	0.089 mm2 

	DC-Resistance at 300K
	234 (/km

	Voltage rating
	300 V RMS

	Test voltage
	3000 V RMS

	Insulated Wire:
	

	Min. Diameter
	0.55 mm

	Max Diameter
	0.63 mm

	Weight
	1.1 Kg/km


Table 10.1: Characteristics of the AWG-38 voltage sense wire

	Type
	M-KT 2419 (AWG 24)

	Conductor
	Silver plated copper

	Strands
	19 X 0.13 mm

	Diameter
	0.64 mm

	Area
	0.24 mm2

	DC-Resistance at 300 K
	77.5 (/km

	Voltage rating
	250 V RMS

	Test Voltage
	2500 V RMS

	Insulated Wire:
	

	Min. Diameter
	0.86 mm

	Max. Diameter
	0.96 mm

	Weight
	3.2 kg/km


Table 10.2: Characteristics of the AWG-24 voltage sense wire

10.1
 Location of Voltage Sensors

Voltage taps are located on both ends of each vapor cooled current lead and on both sides of each pancake coil of the dipole. Additional for the quench detection, three voltage taps are mounted symmetrical on the dipole coil. The voltage taps V1a (V1b) to V16a (V16b) are placed at the following locations:

V1a (b): Voltage tap on the warm end of the current lead, which is connected with the pancake #1 of the left coil

V2a (b): Voltage tap on the cold end of the current lead, which is connected with the pancake #1 of the left coil

V3a (b): Voltage tap at the begin of the left coil pancake #1

V4a (b): Voltage tap at the end of the left coil pancake #1

V5a (b): Voltage tap at the begin of the left coil pancake #2

V6a (b): Voltage tap at the end of the left coil pancake #2

V7a (b): Voltage tap at the begin of the left coil pancake #3

V8a (b): Voltage tap at the end of the left coil pancake #3

V9a (b): Voltage tap at the begin of the right coil pancake #4

V10a (b): Voltage tap at the end of the right coil pancake #4

V11a (b): Voltage tap at the begin of the right coil pancake #5

V12a (b): Voltage tap at the end of the right coil pancake #5

V13a (b): Voltage tap at the begin of the right coil pancake #6

V14a (b): Voltage tap at the end of the right coil pancake #6

V15a (b): Voltage tap on the cold end of the current lead that is connected with the pancake #6 of the left coil

V16a (b): Voltage tap on the warm end of the current lead that is connected with the pancake #6 of the left coil

The voltage taps VL, VM and VR are used for the quench detection of the HMS dipole. They are placed at the following locations:

VL: Voltage tap at the begin of the left coil pancake # 1

VM: Voltage tap between the left pancake coil # 3 and the right pancake coil # 4

VR: Voltage tap at the end of the right coil pancake # 6

10.2
Method of the Voltage tap measurement

The signal from the voltage taps goes into a signal conditioner SCM5B31-09D, which is then tapped into a 1756 IF-16 in Differential mode Voltage. In this task Voltages are monitored to check for errors generated by out of range values.4-20 mA signals from the Voltage Tap Transmitters are converted to read voltages on the front end. The output from the signal conditioner is 4 to 20 mA. 

Current Leads:

                             4 mA     +500mV           Resolution: 1000/16 mV/mA

                            20 mA     -500mV

Pancake Coil:

                             4 mA       +32.7V            Resolution: 75.4/16 V/mA

                            20 mA      -32.7V

The signal from the voltage taps goes into a signal conditioner SCM5B31-09D, which is then tapped into a 1756 IF-16 in Differential mode Voltage. 

Front end calibration:

U1_x to U8_x: Dipole:9:I.Ch0Data and Dipole:9:I.Ch7Data



Input range: -10v to 10V



Calibration: -10 to 10 is -10000 to 10000

The calibrated front end voltage is then calculated with the offset

	Voltage
	Offset

	U1
	6.25629444e-4

	U2
	3.12814722e-4

	U3
	6.25629444e-4

	U4
	6.25629444e-4

	U5
	3.12814722e-4

	U6
	3.12814722e-4

	U7
	3.12814722e-4

	U8
	3.12814722e-4


10.3
Variable tag information

	Variable
	Description

	U1_x to U8_x
	Dipole: 9:I. Ch0Data to Dipole: 9:I. Ch7Data

	 U_min
	-2800 mV

	U_max
	 2800 mV

	U_lead_min
	-150mV

	U_lead_max
	150mV

	U1_error to U8_error
	Warning output

	U_error
	Summary of warnings

	U2 to U7
	Differential voltages of the double pancakes from the coil.

	U1 and U8
	Voltages from the current leads.

	U1_error
	(U1>U_lead_max) or (U2_lead_min)

	U2_error
	(U2>U_max) or (U2<U_min)


Table 10.3: Variable tags and description

11
EPICS variables
	PLC
	Description

	
	

	CEV6711C
	4K Flow Limit

	CEV6711C_ORBV
	4K Supply Valve Position

	CEV6721C_ORBV
	4K Return Valve Position

	CEV6731C_ORBV
	15 K Supply Valve Position

	CEV6741C_ORBV
	20 K Return Valve Position

	CEV6751C_ORBV
	LN2 Supply Valve Position

	CEV6781C_ORBV
	4 K to 20 K Return Cross Over Valve Position

	CFI6010
	Warm He Supply Flow

	CFI6030
	Lead Return Flow all Halls

	CFI60DLP
	Warm He Return Flow

	CFI6711A
	Hall A 4K Supply Flow

	CFI6711B
	Hall B 4K Supply Flow

	CFI6711C
	Hall C 4K Supply Flow

	CFI6731C
	15 K Supply Flow

	CFI6751C
	LN2 Supply Flow

	CLL671SC
	4.5 K Buffer Level

	CLL675SC
	LN2 Buffer Level

	CPI6010
	Warm He Supply Pressure

	CPI6030
	Lead Return Pressure all Halls

	CPI603QC
	Quench Line Pressure

	CPI60DLP
	Warm He Return Pressure

	CPI671SC
	4K Supply Pressure ESR

	CPI671T
	4K Supply Pressure

	CPI672
	4.5 K Return Pressure all Halls

	CPI673
	15 K Supply Pressure

	CPI674
	20 K Return Pressure

	CPI6751
	LN2 Supply Pressure

	CPI9521
	4K Return Pressure

	CTD671SC
	4K Supply Temperature

	CTD672
	4.5 K Return Temperature all Halls

	CTD673
	15 K Supply Temperature all Halls

	CTD674
	20 K Return Temperature

	CTD9521
	4K Return Temperature

	CTP6751
	LN2 Supply Temperature

	T_TL_1
	Transfer Line Supply Temperature

	T_TL_2
	Transfer Line Return Temperature

	T_TL_3
	Transfer Line LN2 Temperature

	T_TL_4
	Transfer Line Dipole Return Temperature

	T_TL_5
	Transfer Line Dipole Supply Temperature

	T_TL_6
	Transfer Line Q1 Warm Return Temperature

	T_TL_7
	Transfer Line Q2 Warm Return Temperature

	T_TL_8
	Transfer Line Q3 Warm Return Temperature
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