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Initial Cooldown of the G0 Superconducting Magnet System

Purpose:
This Temporary Operating Safety Procedure (TOSP) is written to define the conditions for safe operation during the initial cooldown of the G0 Superconducting Magnet System (SMS) in Hall C at Jefferson Lab (JLab).  This operation is expected to begin after the formal safety review of the magnet and its control system but before the final version of the Operating Safety Procedure for the magnet has been approved.  It is important, therefore, that a TOSP be in place to define 1) the conditions under which the magnet may be safely cooled, 2) the special procedures that must be followed when cryogens are present in the magnet, 3) the safety hazards and their mitigation, and 4) the personnel who are permitted to interact with the control system and the cryogenic system adjustments.

Description:
The G0 SMS is a toroidal magnet consisting of 8 superconducting coils in a single cryostat.  The coils are cooled by liquid helium (LHe) flowing in 4 parallel paths, each of which includes two coils in series.  Two additional parallel cooling paths are used to cool the superconducting electrical buss, through which power is supplied to the coils in series.  A liquid nitrogen (LN2) shield surrounds the cold mass, which consists of the coils, cold buss, and collimators.  The LN2 shield is cooled by 8 aluminum tubes, which are clamped to the outer cylindrical surface, and to up- and down-stream aluminum support rings.  The upstream and downstream faces of the LN2 shield, as well as the inner beam-line shield tube are cooled by conduction from the outer surface through the aluminum support structure. Cryogens are fed to both the LHe and LN2 circuits via manifolds at the bottom of the magnet from reservoirs located in the control dewar at the top of the magnet.  Plumbing at the upstream end of the magnet makes the connection from the reservoirs to the manifolds.  A schematic diagram of the LHe cooling circuit is provided in Figure 1.

Normally, the magnet is cooled by thermal siphon flow.  Cryogens introduced at the bottom of the magnet from the reservoirs percolate back up to the reservoirs through the cooling circuit, losing density and absorbing power on the way.  Gaseous cryogens are exhausted and replaced by fresh liquid as determined by a control system PID loop which maintains the liquid levels in the reservoirs.

During cooldown, through the appropriate manipulation of cryogenic valves in the control dewar, it is possible to cool the magnet using forced flow.  In this mode, cryogens are introduced directly into the manifolds from the cryogen supply.  The connections between the cryogen supplies and the reservoirs are closed.  The reservoir drain valves, a manually operated plug valve in the case of the LHe circuit, and a check valve in the case of the LN2 circuit, are closed.  In forced-flow mode, cryogens returning to the reservoirs are not recycled through the magnet.  A detailed diagram of the G0 cryogenic plumbing is provided in Attachment 1
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The temperature of the cold mass and LN2 shield is monitored by an array of thermal sensors, which are read by the control system.  Each coil is instrumented with a pair of platinum resistance thermometers (PT-102s) for the range from about 30 to 300 K and a pair of ruthenium-oxide (ROX) sensors for the range from 4 to 25 K (see Figure 2).  Four PT-102 sensors are mounted on the lead and the aluminum components of four of the eight collimators (for a total of 16 collimator PT-102 sensors).  Two CERNOX sensors monitor the temperature in the 4 to 300 K range of lead and aluminum components of two of the collimator modules (see Figure 3).  PT-102 and ROX sensors also monitor the supply temperatures, and the temperature at the inlet and outlet of the electrical buss as shown in Figure 4.  Finally, eight pairs of PT-102 sensors provide the temperature at various points on the surface of the LN2 shield (see Figure 5).

In order to avoid thermal shock during cooldown, the magnet temperature is reduced slowly from room temperature to about 100 K.  This is accomplished by introducing helium gas of variable temperature at a flow of about 10 g/s.  The gas temperature is adjusted by regulating the proportion of room temperature helium that is mixed with gas cooled by a LN2 heat exchanger (CDHXR).  The temperature of the gas supplied to the magnet is constrained by a control system PID loop to remain at no more than 75 K below the average temperature of all coils and to fall at a rate of no more than 1 K/hr[1].  The impact of cooling at a higher rate is discussed further under item 3 of the Hazard Analysis section below.
An analysis of the cooldown was performed by the magnet vendor and is provided in Attachment 2.  This analysis predicts that the cooldown can be performed in 10 days. A more conservative approach will be taken during the initial cooldown at JLab.  Additional time must be included for the tuning of PID loops, the testing and calibration of hardware, and the measurement of critical parameters of the system.  31 calendar days are allocated in the current schedule. An approximate timetable for the cooldown is listed in Table 1.  The mode column refers to labels for specific operating modes defined in the G0 SMS Technical Specification.

The SMS was cooled at the University of Illinois (UIUC) during the summer and fall of 2001.  That exercise can be considered a “proof of principle”.  However, the system will be altered in a number of ways at JLab so experience gained from the UIUC cooldown may be difficult to apply.  In particular: 1) the magnet vendor required that the cooldown rate at UIUC be set artificially low.  The UIUC cooldown was performed over a period of 3 months.  2) A number of heat leaks to the helium circuit were repaired after the UIUC cooldown.  3) LHe will be supplied at JLab at significantly higher flow than was available at UIUC (until the end of the UIUC cooldown when LHe was provided from Dewars rather than the UIUC refrigerator). And 4) the UIUC cooldown was performed with minimal automation provided by the control system.  For example PID loop control was only introduced at the very end of the cooldown.  Due to these changes, the initial cooldown of the magnet at JLab is therefore expected to be a learning experience.
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Period
Mode
Description
Duration (days)

1

Begin forced-flow cooling of LN2 circuit.
2

2
Cooldown I
Initiate forced-flow cooling of LHe circuit using gas provided by CDHXR via JT-2.  Inlet gas temperature to be reduced by no more than 1 K/hr.  Gas exhausted via warm return.
15

3
Cooldown II
Cooldown of LHe supply line through reservoir fill (JT-4) and exhaust through warm return. Plug valve closed.
1

4
Cooldown III
Cooldown of SMS (plug valve opened) with gas from LHe supply and exhaust through warm return.
8

4
Cooldown IV
Cooldown of cold return line by reverse flow through cold return line and exhaust via reservoir through warm return.
2

5

Fill reservoir with LHe produced by JT cooling at JT-4.  Cool magnet in thermo-siphon mode.  Exhaust gas returned through cold return.
3

Table 1. A time table for the cooldown.  Durations are approximate.

Authority and Responsibility:
The authority for cooling the SMS is carried by the G0 SMS subsystem manager, Steven Williamson, as defined in the G0 Management plan[2].  The responsibility for safely carrying out the procedures associated with the cooldown has been delegated by the subsystem manager to the trained and qualified personnel listed in Appendix A.  This list may include employees of UIUC and the JLab Hall C engineering and technical staff.  Only people whose names appear in Appendix A shall be allowed to participate in the operation of equipment in Hall C involved in the cooldown including the SMS control system and manual adjustments of the cryosystem.

Prerequisites for Cooldown:

For cooldown to proceed safely, it is essential that certain systems be checked and certified to be in working order by the subsystem manager and possibly by others.  The prerequisites for cooldown are listed below.  Where additional certification is required, it is noted.

1) The functionality of the SMS control system related to cooldown must be verified.  This includes the following items:

a) All cryogenic valve actuators must be calibrated according to the procedure listed in Appendix B.

b) Connections to non-functional primary sensors must be rewired to secondary sensors. All temperature sensors, both primary and secondary that are in use must be tested and certified operational to the degree possible at room temperature (for example by measuring resistances for ROX sensors and by recording sensor read-out at room temperature for PT-102 and Cernox sensors).
c) Vacuum and pressure sensors must be operating properly.

d) PID loop control of LN2, LHe liquid level, and CDHXR outlet temperature must be in place in the control system – though not necessarily tuned.

e) Automatic closure of the gaseous helium supply cryogenic valve (JT2) based on inlet temperature exceeding a threshold must be implemented.

f) Alarm levels associated with pressure and temperature must be set properly and checked for correct operation.  The “pager system” for alarms must be connected and operational.

g) The Ethernet connection to the lab-wide network must be operational.  Interaction with the control system via VNC or remote Lookout clients must work.

h) UPS supplies for the control system must be charged and their correct operation verified by a simulated power failure.

Certified by Steven Williamson
____________________________
_______


SMS Subsystem Manager Signature
Date


2) The cryostat must be under vacuum and the pressure must be less than 10-4 torr . Because there are no plans to warm up the magnet before the commissioning experiment begins, it is essential that all vacuum connections to the volume of the magnet cryostat, which are not isolated by valves, be made.  In particular, the downstream exit line must be in place and under vacuum.

Certified by Steven Williamson
____________________________
_______


SMS Subsystem Manager Signature
Date


3) All cryogenic plumbing connected to the magnet must be purged and certified for connection to the end station refrigerator (ESR) by the accelerator group staff engineer in charge.

Certified by Steven Williamson
____________________________
_______


SMS Subsystem Manager Signature
Date

Certified by
__________________________
____________________________
_______


Print Name
Signature of Staff Engineer in charge of ESR
Date


4) An engineered solution must be implemented to solve the problem of water (ice-melt, condensation) dripping from cryogen supply/return lines in the area of the control racks.

Certified by Steven Williamson
____________________________
_______


SMS Subsystem Manager Signature
Date

5) A pressure test of the LN2 and LHe circuits conforming to the requirements of ASME Sect. VIII – Div. 2 and witnessed by the subsystem manager and a member of the Hall C engineering staff must be performed[3].  This implies that the circuits must be tested to 115% of their respective design pressures as defined by the rupture-disk pressures.  The relief pressure settings and corresponding test pressures are listed in Table 2.

Circuit


Mechanical Relief


Rupture Disk


Test Pressure



LHe


58.8 psia


73.5 psia


84.5 psia



LN2


73.5 psia


88.2 psia


101.5 psia



Table 2. Cryogenic circuit relief and test pressures.

Certified by Steven Williamson
____________________________
_______


SMS Subsystem Manager Signature
Date

Certified by
__________________________
____________________________
_______


Print Name
Signature of Hall C Engineer
Date


6) A formal safety review of the magnet and its control system must be performed.  All “issues” of the review committee, which are relevant to the cooldown, must be addressed.

Certified by Steven Williamson
____________________________
_______


SMS Subsystem Manager Signature
Date

Certified by Rolf Ent
____________________________
_______


Hall C Director
Date

7) A 6-inch (or greater) parallel plate relief valve must be added to the vacuum vessel (for a total of four such reliefs including the target service module relief) to prevent over-pressurization of the vessel in case of rupture of the internal cryo-plumbing. 
Certified by Steven Williamson
____________________________
_______


SMS Subsystem Manager Signature
Date

Certified by Al Guerra
____________________________
_______


G0 SMS Safety Review Committee Member
Date

8) The 2-inch LHe circuit rupture disk must be replaced with a 3-inch rupture disk to provide sufficient relief in the event of loss-of-vacuum prior to the introduction of LHe into the circuit.  Cooldown with gaseous helium can begin with the 2-inch rupture disk installed but it must be replaced with the 3-inch disk prior to the transition from Cooldown II to Cooldown III (see Table 1).  Personnel protection from rupture disk fragments and hazard labeling must be in place.  No external foreign material may be present which could obstruct the rupture disk operation.

Certified by Steven Williamson
____________________________
_______


SMS Subsystem Manager Signature
Date

Certified by Al Guerra
____________________________
_______


G0 SMS Safety Review Committee Member
Date

Analysis of the Hazards:
The new hazards that arise when the G0 SMS is cooled are due to the presence of LHe and LN2 cryogens.  The hazards associated with the evacuated SMS cryostat have already been discussed in the TOSP for the Evacuation of the G0 SMS Vacuum Vessel and Target Service Module[4].  That TOSP will remain in effect during the initial cooldown of the SMS.  The following new hazards have been identified.

1.
Over-pressurization of cryogen plumbing.  The most likely cause of this event is a sudden loss of the insulating vacuum (LOV) with LHe in the magnet.  This scenario was analyzed by the magnet vendor whose report is provided in Attachment 3.  A reanalysis (see Attachment 5) performed prior to the G0 SMS Safety Review found and corrected an error in the vendor’s sizing of the LHe rupture disk.  These analyses were done without consideration of the mechanical relief valves or the normal exhaust lines and therefore represents a worst case.  For the helium circuit, they conclude that the helium pressure would not exceed 5 atm (the rupture disk pressure) in the reservoir and would not exceed 6.4 atm in the helium coolant channels and piping.  For the nitrogen system, the pressure will not exceed the rupture disk pressure in either the reservoir or the piping.  The reservoirs and piping are quite capable of withstanding these pressures according to the design analysis performed by the magnet vendor (see Attachment 4).

While the calculations suggest that the system is theoretically safe, assuming that properly sized rupture disks are in place, one can imagine conditions under which the assumptions of the analysis would be violated.  For example, faulty pipe material or a poor weld might be weaker than the design strength; or the relief path might become blocked by foreign or frozen material.  In such cases, the piping or joints might fail.

If the failure is internal to the cryostat, this could result in a large internal leak into the insulating vacuum, which might cause over-pressurization of the vacuum vessel.  The likelihood of a rupture in the plumbing during normal operation is estimated in Table 3 using the NRC Equipment Failure Rate Estimates in EH&S Manual §6500-T3.

Equipment
Individual

Failure Rate (/hr)
Number of

Items
Total

Failure Rate (/hr)

Pipes < 3”Pipes
1×10-9
35
3.5×10-8

Valves
1×10-8
3
3.0×10-8

Welds
3×10-9
35
1.1×10-7

Total
1.7×10-7

Table 3. Failure Rate Estimate for Internal Plumbing

For the purposes of this estimate, the number of welds and pipes was augmented by 20% and values for vacuum valves were assumed for the cryogenic valves.  The failure rate, driven by the possible failure of welds, implies one failure per 672 years, i.e. Likelihood Code A (very unlikely to occur) according to EH&S Manual §3210.  The consequences and risks of this hazard will be discussed further in item 2 below.  It is important to note that these estimates assume “normal operation”.  Inadvertent sudden cooling of the magnet could produce thermal contraction and shock, which would increase the likelihood of failure.  This possibility will be discussed under item 3.

Another possibility is that faulty external plumbing might suddenly give way releasing cold cryogens and possibly ejecting plumbing fragments at high speed.  The relief of a rupture disk entails similar consequences.  Property loss would be minimal but personnel injury could be severe, though unlikely to be fatal.  A Consequence Level of III is therefore assigned to this type of event.  There are fewer pipes, valves and welds that are externally exposed, so external plumbing rupture can also be considered to be very unlikely to occur (Likelihood Code A).  However, a rupture disk relief is expected to happen given sufficient time (Likelihood Code C).  The greatest risk, a Risk code of 3, then comes from the possibility of injury due to rupture disk fragments.

The risk can be reduced through the following controls 1) Rupture disks must be located at a height and orientation such that all fragments are blown upward above anyone working in the vicinity. 2) Where it is impossible to relocate a rupture disk, a protective screen or tube must be installed.  3) Warning signs must be installed near the rupture disks.  These should tell workers to avoid the immediate vicinity of the rupture disks exhaust.  4) Personnel working on the SMS platform, near the rupture disks and other external plumbing, must be limited during cooldown to those who are aware of the hazard, i.e. whose approved signatures appear in the list in Appendix A  5) Rupture disks must be inspected prior to the commencement of the cooldown to ensure that no external foreign material can block their operation. Assuming that these controls are followed, the risk of personal injury will be greatly reduced.  This will result in a reduced Risk Code of 1.
The certification that the correct rupture disks are installed, that personnel protection and hazard labeling is in place and that no external foreign material obstructs their operation is a prerequisite for the cooldown (see item 8) in the Prerequisites section above).
2.
Over-pressurization of the vacuum vessel caused by leak in cryogen plumbing. The likelihood of this event is estimated in Table 3 to be very unlikely to occur (i.e. Likelihood Code A).  The consequences depend on whether gas leaking into the vacuum vessel can be adequately relieved.  The main vessel will withstand an internal pressure of 22 psia (0.5 atm. pressure difference) according to analysis by the vendor[5]. The target service module was designed to withstand an internal pressure of 29.4 psia[6]. The vessel was successfully tested at UIUC, with all relief valves sealed, to a pressure of 2.21 psig (roughly 17 psia) as specified by the ASME code.  A titanium exit window was individually tested to a pressure of 165 psig[7]. (roughly 180 psia)
There are 4 parallel-plate relief ports on the vacuum volume located: on the target service module (3” diameter) [6], on the cryoreservoir (2” diameter), on the main cryostat volume at the 315( position (4” diameter), and on the main vessel pump-out port at the 180( position (8” diameter).  The latter was added in response to concerns raised during the G0 SMS Safety review by G. Mulholland (see Attachment 6). By itself, it could maintain the pressure in the vessel below 22 psia with more than 20 gallons/min of LN2 pouring into the interior of the vessel, evaporating, and exhausting at 0( F. The most serious consequence of this event is associated with the cost of repair of a major internal leak in the cryogenic system which is likely to be in the $10k to $100k range.  A Consequence Level of III is therefore assigned, resulting in a Risk Code of 1.

3.
Error in operation of the magnet control system.  The control system functions mainly as a monitor of temperature and vacuum during the magnet cooldown.  However, because the slow reduction of inlet gas temperature during the Cooldown I phase is managed by a control system PID loop, it is possible that failure of temperature sensors or the “mixing valve” actuator control, or inappropriate adjustment of the PID loop parameters could result in 80 K helium being supplied in large quantities to the G0 magnet when it is still near 300 K.  If this continues for a long enough period (greater than 2 hours), the temperature of parts of the magnet could change rapidly enough to cause damage through differential thermal contraction and thermal shock.  This could result in leaks in the cryogen plumbing or faults in the coil internal and external electrical connections.

The consequences of an internal cryogen leak have already been discussed above.  Similarly, damage to the power buss, while not dangerous in itself during the cooldown (no power would be supplied to the magnet), would be expensive and time consuming to repair.  Thus the consequence of such an event is chiefly property damage, probably in the range of $10k to $100k (Consequence Level III)

Experience gained at UIUC suggests that the likelihood of a temperature sensor or valve actuator failure, once the valve has been calibrated, is low, but possible on the 10 day to 10-year time scale (Likelihood code C).  It is more difficult to estimate the likelihood of incorrect adjustment of the CDHXR PID loop.  This control loop has already been used (at UIUC) to warm up the magnet so the basic operation of the system and some parameters have been checked.  Trained operators who are aware of the hazards will staff the initial period of cooldown.  Also, we will begin the cooldown with conservative settings for the PID loop.  For these reasons, the 10-day to 10-year time scale again seems appropriate.

Coupling Likelihood code C with Consequence Level III yields a Risk Code of 3 if no hazard controls are implemented.  The most straightforward way to reduce the risk is to ensure that an operator is present during critical phases of the cooldown. This permits manual intervention in case of a hardware fault and quicker correction in case of misadjustment of the PID loop.  The greatest possibility of thermal shock is during the Cooldown I phase, a period of approximately 15 days (see Table 1) over which the magnet is brought from 300 K to 100 K.  Two modes of running will be implemented during this cooldown phase:

a.
Between the hours of 8:00 AM and 5:00 PM, Monday through Friday, an operator will be on hand in Hall C or a JLab office.  The status of the cooldown will be checked and logged by the operator at least once per 30 min.  The cooldown will be operated in “automatic” mode with the CDHXR mixing valve under the control of the PID loop.  Cooldown will typically proceed at a rate of 1 K/hr.

b.
Between the hours of 5:00 PM and 8:00 AM on Monday through Friday and all day on Saturday and Sunday, the magnet will be operated in “manual” mode.  The PID control of the CDHXR mixing valve will be discontinued.  The valve will be set manually at a fixed setting corresponding to from 0.5 to 0.8 K/hr cooldown rate.  During this period a designated operator will be required to carry a pager and be “on call”.  The control system will be set to generate pager calls based on any alarm condition.  Note that the ability to generate pager calls is a built-in feature of the control system software.  This feature was employed extensively during the initial cooldown at UIUC.  In order to ensure that the pager system is operating correctly the following tests will be carried out: 1) the pager will be tested by the operator on call who will manually force a “fake” alarm and associated page before leaving the control system unattended.  2) The control system will be set to generate another fake alarm at exactly 9:00 PM.
To provide assurance that the transition to manual mode is performed properly, the system will remain under observation by a knowledgeable operator for at least 30 minutes after the transition.  In order to prevent rapid warm-up of the magnet in the event of loss of LN2 supply to the CDHXR, the cooldown gas inlet cryogenic valve (JT2) will be closed automatically if the supply gas temperature exceeds a threshold around 300 K.  To ensure that operators have the proper level of experience and understanding of the hazards involved in the cooldown, only personnel whose names appear in Appendix A will be allowed to serve as operators or to interact with the control system.  Following these procedures, the likelihood of a control system problem is reduced to Likelihood Code A with a corresponding Risk Code reduction to 1.

Hazards Controls:
Table 4 below summarizes the likelihood, consequences, risk, and controls of the hazards discussed above. Codes in parenthesis are without controls.

Hazard
Controls
Likelihood
Consequence
Risk

Over-pressurize of cryogen plumbing. External plumbing failure or  or rupture disk relief
Physical barriers, warnings, approved personnel on platform, inspect rupture disks.
C
I (III)
1 (3)

Over-pressurize vacuum vessel.

A
III
1

Control system fault during Cooldown I phase.
Approved operator during Cooldown I phase when control system runs cooldown.  Automatic closure of JT2 if gas temperature exceeds threshold.
A (C)
III
1 (3)

Table 4. Summary of hazards and risks.  Codes in parenthesis are without controls.

Operating Guidelines:
At the start of the cooldown the helium relief stack will consist of the 2” rupture disk and “-4” orifice relief valve originally provided with the system while replacements are being procured.  This system will have sufficient capacity to relieve the system while cooldown with gaseous He is underway.  The larger 3” rupture disk will be installed prior to the introduction of liquid He into the system (before the transition from Cooldown II to Cooldown III in Table 1).  The larger “G” orifice relief valve is not required to insure the safe relief of the system and as such can be replaced at any time before or after cryogens have been introduced into the system.  Replacement of either relief device will occur under a heavy purge of the liquid He manifold to avoid contamination while the system is open to air.
The engineered solution to the problem of water dripping from cryogen supply and return lines will not be in place during the earliest stage of magnet cooldown (Cooldown I).  The problem of ice melting from these lines will only manifest if the coolant supply is lost for a significant period of time.  Since only cold gas will be flowing during Cooldown I the likelihood of coolant loss is considered to be low; therefore the engineered solution can safely be installed after cooldown has begun but must be in place prior to the transition to Cooldown III.

Training guidelines:
The authorization to operate the control system and to work on the SMS platform is shall be recorded in Appendix A on the copy of this TOSP in an envelope near the control system console.  Names may only be added to the list with the approval of Paul Brindza, Greg Smith, or Steven Williamson.

Unusual Emergency Procedures:
None.

Instrument Calibration Requirements:
See item 1)a) in the list under “Prerequisites for Cooldown” above.
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Appendix A

Record of Authorized Personnel for the Initial Cooldown of the G0 SMS

I have read and understood the attached Temporary Operational Safety Procedure.  Names may not be added without approval of Paul Brindza, Greg Smith, or Steven Williamson as indicated by initials appearing in the Approval below.

Paul Brindza
____________________________
_______
_____


Signature
Date
Approval

Greg Smith
____________________________
_______
_____


Signature
Date
Approval

Doug Beck
____________________________
_______
_____


Signature
Date
Approval

Andy Kenyon
____________________________
_______
_____


Signature
Date
Approval

George Mulholland
____________________________
_______
_____


Signature
Date
Approval

Damon Spayde
____________________________
_______
_____


Signature
Date
Approval

Steven Williamson
____________________________
_______
_____


Signature
Date
Approval

Kazutaka Nakahara
____________________________
_______
_____


Signature
Date
Approval

Walter Kelner
____________________________
_______
_____


Signature
Date
Approval

Sam Hicks
____________________________
_______
_____


Signature
Date
Approval

Steve Hickson
____________________________
_______
_____


Signature
Date
Approval

Paul Hood
____________________________
_______
_____


Signature
Date
Approval

Mike Lawing
____________________________
_______
_____


Signature
Date
Approval

Greg Sammons
____________________________
_______
_____


Signature
Date
Approval

Record of Authorized Personnel for the Initial Cooldown of the G0 SMS

(Appendix A Continued)

I have read and understood the attached Temporary Operational Safety Procedure.  Names may not be added without approval of Steven Williamson, Paul Brindza, or Greg Smith as indicated by initials appearing in the Approval below.

____________________________
____________________________
_______
_____

Print Name
Signature
Date
Approval

____________________________
____________________________
_______
_____

Print Name
Signature
Date
Approval

____________________________
____________________________
_______
_____

Print Name
Signature
Date
Approval

____________________________
____________________________
_______
_____

Print Name
Signature
Date
Approval

____________________________
____________________________
_______
_____

Print Name
Signature
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Appendix B

Procedure for Installation and Calibration of

G0 Modified Novatek Cryogenic Valve Actuators

3rd Draft, November 2, 2001

1) Some Information

a) Controller Pots (numbered from bottom to top – see numbers on controller wall)

i) P1 Retract Limit

ii) P2 Extend Limit

iii) P3 Zero

iv) P4 Span

b) The controller’s 4-20 mA output lower limit is roughly –25% 

2) Preset actuator controller pots before installing actuator

a) Set display zero

i) Install 0.1” shims between the brass bar and the bottom of the slot

ii) Retract actuator until a 0.33” shim can be slipped between motor base and its slot

iii) If actuator stops turn P1 CCW until movement resumes 

iv) Turn P4 full CW

v) Set P3 so that display indicates 0% (may change after installation)

b) Set retract limit

i) Extend actuator 1%

ii) Set P1 such that actuator does not retract (CW)

iii) While holding the retract button, slowly turn P1 CCW until actuator moves

iv) Continue to adjust P1 until display reads 0%

v) Confirm that 0.33” shim can be inserted

c) Set display span

i) Extend actuator until 0.1” shims can be removed

ii) Use depth gauge to measure drive head position from a fixed location on the body

iii) Hold extend button until the drive head has moved 9/16” (0.5625”)

iv) If actuator stops turn P2 CW until movement resumes

v) Set P4 such that display indicates 100% (may change after installation)

d) Set extend limit

i) Retract valve to 99%

ii) Set P2 such that the actuator does not extend (CCW)

iii) While holding extend switch slowly turn P2 CW until actuator moves

iv) Continue to adjust P2 until display indicates 100% 

v) Confirm that the drive head is 9/16” from the distance measured in 2)c)ii)

e) Set actuator for installation

i) While retracting actuator install 0.1” shims

ii) Stop when drive head bar touches both shims

iii) Confirm that the drive head is approximately the distance measured in 2)c)ii)

iv) Note the reading indicated on the display

3) Install the actuator

a) Put a small dab of anti-seize compound on the threads of the actuator adapter (10-24 and 3/8”-16 LH)

b) Remove valve hold-down nut

c) Put 3 narrow SS #10 washers on top of valve and thread adapter into valve

d) Push valve closed by hand and mark valve shaft

e) Install actuator base plate and tighten 7/8”-14 nut

f) Install actuator by turning it CCW on the thread adapter, be sure that the valve does not open by watching the mark made in d)

g) Continue turning actuator until all 4 base plate screws can be installed and the position indicator bracket is pointing away from the center of the cold-box and/or any nearby obstructions

h) The actuator may be opened/closed slightly if required

i) Retract or extend valve such that the mark made in d) is properly aligned 

j) Place a removable sticker on the body of the actuator near the drive head slot to facilitate setting 100%

k) Mark the position of the bar at a convenient location

l) Make another mark 9/16” above the mark made in k) 

4) Reset actuator controller pots

a) If all went well the pot positions should not require much adjustment

b) Set zero per 2)a) and confirm retract limit

c) Set span per 2)c) using the marks made in 3)k) & l) and confirm extend limit

5) Calibrate console to read true position

a) Retract valve until the drive head bar is aligned with the mark made in 3)k)

b) Redefine valve position displayed by console such that:

i) The position at a) above is the console’s 0%

ii) The console displays 100% when the controller displays 100%

iii) The console displays some negative number when the controller displays 0%
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Figure 1 . A block diagram of the LHe circuit.





Figure 5. PT-102 temperature sensor locations on the LN2 shield.  A pair of sensors (primary and secondary) is located at each of the eight indicated points.





Figure 4. Temperature sensors on the cryogen plumbing and electrical buss.








Figure 2. ROX and PT-102 coil temperature sensors as seen from the upstream end of the SMS.  Pr indicates primary, Sec indicates secondary sensor.





Figure 3. Temperature sensors on the collimators.








( Note: all referenced G0 Internal Reports and BWXT documentation is available on-line at one of the following: 


	http://www.npl.uiuc.edu/exp/G0/secure-bwxt/bwxt-docs/bwxt.html


	http://www.npl.uiuc.edu/exp/G0/docs/docs.html


Web security information is available upon request and subsequent approval.
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