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SOP for Magnet Hookup & Operation of Danfysik Power Supplies in the Magnet Measurement Facility

1. Revision Number:  Rev. 5; February 7, 2008
1. Technical Custodian:  Mike Beck
Purpose of the Procedure
This SOP is to be used for all instances involving the operation of the Danfysik box power supplies in the Magnet Measurement Facility (MMF), including the configuration and connection of the power supply leads to magnet loads.
Scope
This SOP identifies and specifies mitigation measures for all aspects of significant electrical hazards associated with the magnet hookup and operation of the MMF Danfysik power supplies.
This SOP does not cover maintenance or internal adjustment of the Danfysik supplies which requires opening the doors or panels of the power supply.
Description of the Facility

The MMF is located in the NE corner of the TestLab.  It is enclosed by a steel fence and can be accessed by qualified personnel using the CANS system. Red beacons are located at the edges of the facility and are interlocked to the power supplies which remain lit whenever either Danfysik power supply is turned on.  The two power supplies are located in the SE corner of the MMF.  Power leads can be routed to experiments anywhere inside the MMF enclosure.  A schematic of the MMF and location of the Danfysik power supplies is included in Appendix A.
Authority & Responsibility
The supervisor of the MMF has the authority to implement/terminate this SOP; to authorize all work covered by this SOP, and the responsibility to oversee such operations.
Description of the Operation
There are five operations to be performed using this SOP:

1. Securing power to the Danfysik box power supply: involves disengaging the AC main power switch and confirming that the supply has been de-energized. This operation must occur prior to attempting any work associated with the Danfysik DC output leads, either at the Junction Panels or at the magnet loads. 
2. Junction panel reconfiguration: involves connecting, disconnecting, or rearranging DC output cables at the wall-mounted junction panels. This operation may only be performed with the associated Danfysik power supply de-energized and locked-out.
3. Magnet connection:  involves connecting, disconnecting, or re-configuring DC output cables at the magnet-under-test. This operation may only be performed with the associated Danfysik power supply de-energized and locked-out.
4. Magnet test operations:  involves energizing a magnet for indefinite periods while measurements are in progress.  Requires installation of insulating barriers or personnel barriers to prevent inadvertent contact with live parts. 

5. Interlock inspection:  involves confirming that the magnet interlock circuit(s) are properly configured with respect to the Danfysik power supply and the magnet which is being powered by it.  This operation is performed any time the connections to a magnet are changed.
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Shock Hazard:    Personnel performing general magnet operations, magnet connection, or junction box reconfiguration may be exposed to voltages of 50-65 VDC with current capability up to 460-645 amperes DC. These voltages are capable of causing electrical shock and burn injury.
Arc Flash Hazard:  Due to the fast-acting electronic overload sensing of the Danfysik power supplies, it is not deemed possible to generate a sustained arc at the DC output of these supplies.  However, an appreciable energy can be stored in the inductive field of the magnet-under-test.  For this reason, the operations covered by this SOP are designated Arc Flash Hazard Class “0”.
Personal and Environmental Hazard Controls
1. All operations shall be performed in accordance with the requirements of NFPA-70E and EH&S Manual Chapters 6210 and 6230.
2. Only qualified and approved electrical workers may cross the Limited Approach Boundary (3 ft 6 in) to any exposed live parts until the associated Danfysik power supply has been de-energized and locked-out.

3. Until potentially live parts been confirmed to be in an electrically safe working condition (de-energized and verified), workers may not cross the Restricted Approach Boundary (12 in) without the required PPE.
4. Two qualified and approved persons are required to perform any of these procedures until the equipment has been verified to be in an electrically safe working condition. Qualified and approved persons will be listed on a sheet and attached to a paper copy of the SOP.  The SOP hard copy will be located on the Blue Danfysik power supply.  Each person must have the following training and knowledge:
a. General  Electrical Training:

· SAF603A:  Electrical Safety Awareness

· SAF603N:  Basic NFPA-70E Training

· SAF104:   Lock, Tag & Try

· SAF105:   CPR/AED

b. Equipment specific training, presented by the Magnet Measurement Facility supervisor, K. Baggett.  Operators must be qualified by the Magnet Measurement Facility supervisor to perform procedures involved in Danfysik operations.

5. Training references include Jefferson Lab’s EH&S Manual, Chapter 6110 – Lockout/Tagout (http://www.jlab.org/ehs/manual/EHSbook-272.html#pgfId-982) and Chapter 6230.
6. Equipment required:

· Hand-held voltmeter (Rated 600 Volts, Cat III or above ,UL approved) with insulated probes.
· Personal LTT lock(s) & hasp – as required.
· Administrative Lock and Danger Tag(s) – as required.
7. PPE required

· Safety Glasses
· V-Rated Rubber Gloves and Leather Protector Overgloves  (Rating = “00” or higher).

· A Long Sleeve Natural Fiber or Fire Retardant Long Sleeve Shirt
· Long Pants ( made of natural fibers)

Operational Precautions & Procedures

Operational procedures are contained in the following pages according to the outline detailed below.

I. De-energizing the Danfysik Box Supply

II. Junction Panel Hookup
III. General Magnet Operations

A. Power Cable Hook Up to the Magnet

B. Power Cable Disconnect from the Magnet

C. Energizing and Operating the Magnet
IV. Periodic Interlock Inspection (every 30 days)

NOTE:  While any Danfysik power supply is in operation (i.e., the disconnect switch is in the ON position), one qualified person shall remain in the area at all times, unless the area is controlled by some other barrier method, such as a locked fence, that eliminates casual or incidental contact by unauthorized personnel within the facility.
Procedure Steps

I. De-energizing the Danfysik Box Supply

This process is used to render the power supply de-energized for puposes of working on or with the DC output leads.
1. Prepare the selected Danfysik Power Supply for de-energization by setting or dialing the output current to zero.  When the LCD display indicates that the output current is zero,  press the  “Main/Off” pushbutton and verify the supply went into the “off/ready” state.

2. With the AC disconnect switch in the 1/ON position, verify that the voltage on the voltage verification unit (VVU) shown in Figure 1a and Figure 1b on page 4 display the following voltages:

a. For the Blue Danfysik box supply, the A-C Volts meter should read 480 (VAC)  when the  VVU selector switch is turned to  L1, L2 and L3 positions, and should read 0 (VAC) when the selector switch is turned to the OFF position. 

b. For the Brown Danfysik box supply, the A-C Volts meter should read 480 (VAC) when the VVU selector switch is turned to L1L2, L2L3 and L3L1 positions.  The A-C Volts meter should read 0 (VAC) when the selector is in the OFF position, and should read 277 (VAC) in the L1-N, L2-N and L3-N positions.
NOTE:   If the VVU unit does not read the prescribed voltage in any of the cases described above, abort the procedure and contact EES for further guidance. 
3. De-energizethe Danfysik box supply by turning the AC disconnect switch to the 0/OFF position.

4. With a second qualified person watching, verify that no voltage is stored in the box supply by moving the VVU Selector Switch through every selection on it’s dial, including the OFF position while observing the current/voltage display panels (Figure 1a on this page for the Blue Danfysik and Figure 1b on this page for the Brown Danfysik.). 

NOTE:  The current/voltage readings on the display should indicate zero volts and zero amps as shown below.
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Figure 1a – Blue Danfysik Voltage Verification Unit (front view)
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Figure 1b – Brown Danfysik Voltage Verification Unit (front view)

5. Do the current/voltage readings on the display indicate zero volts and zero amps?

a. 
If YES, proceed to Step 6 below.

b. 
If NO, abort this procedure, and contact EES for further guidance.

6. Personal LTT locks & tags must be placed on the disconnect switch on the supply to ensure that the switch cannot be turned ON.
II. Junction Panel Hookup
There are two sets of DC output cables running from the Danfysik Power Supplies to the Magnet Test Area.  Junction Panels allow either set of cables to be used with either Danfysik Power Supply. The Junction Panels are fixed on the wall at the southeast corner of the MMF. Access to the live parts of these Junction Panels is normally shielded by plastic covers.  This procedure must be followed when it is desired to connect, disconnect, or swap DC output cables at either Junction Panel.
It is permissible to hookup DC output cables to one of the Junction Panels while the other Panel is energized provided that the cover is not removed from the energized Panel. If it is desired to swap DC output cables, or if it is necessary to connect both sets of cables,   both Danfysik Power Supplies must be de-energized.

1. De-energize and apply personal lock-out to the appropriate Danfysik power supply or supplies according to Section I, De-energizing the Danfysik Box Supply of this procedure..
2. Put on the  PPE listed in the Personal and Environmental Hazard Controls section, item 7 before crossing the roped-off area surrounding the Junction Panels.

3. Remove the lexan cover(s) on the appropriate power supply’s junction panel(s).

4. Touch the hook of  the grounding stick to each Junction Panel terminal post to remove any stored energy in the system. 

5. Use a hand-held voltmeter to confirm that the voltage across the terminal posts of the junction panel(s) measures zero volts. This is a second verification that the Danfysik power supply has been placed in an electrically safe working condition. Protective PPE may be removed once this safe condition has been verified.

6. Identify which set of  DC magnet cables is attached (or will be attached) to the desired magnet-under-test.  Remove the Administrative Tag (only if the employee is listed on the tag as being able to remove ) from the cable lug. Attach this set of cables to the terminal posts of the Junction Panel of the appropriate power supply (Danfysik #1 or Danfysik #2). The DC magnet cables are identified as follows:
· PC 1 (Yellow Bands) – Run from the Dipole Stand through the trench up to the junction box.

· PC 2 (White Bands) – Run from the Jib Crane area through the trench, up, and into the office ceiling, then along the wall and down to the junction box.

· Use the spare set of cables for other locations.
7. Once the cables have been connected to the terminal posts on the junction panel, verify that the identification and polarity bands are correct. Replace the Junction Panel  cover(s) enclosing the terminal posts, and verify the label on the lexan cover matches that of the terminal post mounting plate.

8. There are two hardwired sets of interlock cables: IW 1 and IW 2. Identify which interlock cable is being used, and verify that the proper connection is made to the interlock junction box. The interlock junction box is located on the east wall adjacent to the power supply junction panel.

· IW 1 (Yellow Bands) – Run from the Dipole Stand through the trench up to the junction box.

· IW 2 (White Bands) – Run from the Jib Crane area through the trench, up, and into the office celing, then along the wall and down to the junction box.

WARNING:  The magnet-under-test must be interlocked to the appropriate Danfysik Power Supply to prevent possible damage to the magnet in the event of coolant failure

III. General Magnet Operations

This process is used to connect or disconnect the power cables to/from the magnet-under-test.

A.  Power Cable Hook Up to the Magnet

1. Verify that the magnet-under-test is in a secured area away from high traffic work areas (as best as possible).

2. Determine which Danfysik power supply is to be used to energize the magnet.

3. Identify which set of cables is to be attached to the magnet.

· PC 1 (Yellow Bands) – Run from the Dipole Stand through the trench up to the junction box.

· PC 2 (White Bands) – Run from the Jib Crane area through the trench, up, and into the office ceiling, then along the wall and down to the junction box.

· Use the spare set of cables for other locations.

4. Identify which set of interlock wires will be attached to the magnet.

· IW 1 (Yellow Bands) – Run from the Dipole Stand through the trench up to the junction box.

· IW 2 (White Bands) – Run from the Jib Crane area through the trench, up and into the office ceiling, then along the wall and down to the junction box.

5. Verify that the appropriate power supply cables are connected to the appropriate junction box (located on the wall near the Danfysiks). If the appropriate junction posts are not cabled correctly, proceed to Section II, Junction Panel Hookup of this procedure.

6. Verify that the appropriate interlock wires are connected to the appropriate interlock wire junction box which is located on the wall adjacent to the power supply junction panel.

7. Perform Section I, De-energizing the Danfysik Box Supply of this procedure.
8. Remove the Administrative Lock and Danger Tag (only if the employee is listed on the tag as being able to remove ) from the power cable leads.

9. Connect the Danfysik power cables to the terminal posts on the magnet. Verify that the cable and terminal polarities match.

10. Connect a ground cable to the magnet core.

11. Connect the Danfysik magnet temperature interlock wires to the magnet’s temperature switches.

12. Connect LCW to the magnet using the designed number of water flow circuits. Verify proper water flow through the magnet coils using sight-flow indicators, flow meters, or by feeling the temperature of the individual coil packages.

13. Place the terminal post cover on the magnet. All exposed live parts (coil and bus bar copper) must be covered. If the covers are not available, secure neoprene sheeting to cover all exposed live parts.

14. Remove personal LTT locks from the Danfysik disconnect switch.

WARNING:  If the Danfysik is not going to be energized immediately, the Administrative Lock and Danger Tag must be used to lock out the disconnect switch.

B.  Power Cable Disconnect from the Magnet
1. Identify which set of power cables are being used to connect the magnet-under-test and the power supply.

2. Identify which Danfysik power supply these cables are hooked to, and verify that the current output of this power supply has been set to zero and the control power is turned OFF.

3. Securing Power to the Danfysik Box Supply by performing Section I, De-energizing the Danfysik Box Supply of this procedure.

4. Put on the PPE listed in Personal and Environmental Hazard Controls section, item 7 before crossing the limited approach boundary (3 ½  ft).

5. Touch the grounding stick to the terminal posts of the magnet to verify that the magnet is properly de-energized.

6. Use a voltage-rated hand-held voltmeter to confirm that the voltage across the magnet leads measures zero volts.  Once the circuit has been verified as being in an electrically safe working condition,  PPE may be removed.
7. Remove the power cables from the magnet, and place an Administrative Tag on the lugs of the power cable leads.

8. Remove personal LTT locks from the Danfysik disconnect switch and replace with an Administrative Lock and Danger Tag.

C.  Energizing and Operating the Magnet
1. If the Danfysik has not been operated in the last 30 days, perform Section IV, Danfysik Periodic Interlock Inspection of this procedure.

2. Verify that the magnet has been properly connected to the Danfysik. Refer to   Section III.A, Power Cable Hook Up to Magnet for clarification.
3. Place a safety rope around the magnet to secure the area. The safe area should be sufficiently large enough to place the magnet out of hands’ reach from an individual outside the rope.

4. Close the fence at each entrance to the MMF.

5. Verify that the safety rope is in place in order to block access to the junction panel.

6. Turn ON the area entrance beacons, and place the portable beacon near the magnet.

7. Verbally alert all other workers in the area of the location of the magnet to be energized and its projected duration.

8. Remove the Administrative Lock and Danger Tag (only if the employee is listed on the tag as being able to remove ) from the disconnect switch, and activate the switch.

9. Verify that the beacon located on the Danfysik is operating correctly.

10. Verify, at the front display panel on the Danfysik, that the unit successfully completes the initialization routine and no interlock faults exist.

11. The Danfysik is now ready for operation either manually or by control software. 

12. When operation of the power supply is complete, verify that the Danfysik has been set to zero current and the control power is turned OFF.

13. Secure the Danfysik by turning the disconnect switch to the 0/OFF position.

14. Lock out the disconnect switch with the Administrative Lock and Danger Tag.

15. Turn OFF all beacons.
WARNING:  Danfysik Periodic Interlock Inspection are requiredfollowing 30 days of power supply inactivity.
IV Periodic Interlock Inspection

A.    Visual Inspecton and Waterflow

1. Verify that the magnet is in a secured area away from high traffic work areas (as best as possible). 

2. Verify that the Danfysik has been properly attached to the magnet. Refer to      Section III.A, Power Cable Hook Up to the Magnet of this procedure.

3. Inspect the entire length of both power cables (as best as possible) for any damage to insulation.

4. Read the LCW pressure gauges located alongside the Danfysik. The Supply Pressure should read 120 psi ( 10 psi).
5. Turn ON the Danfysik by removing the Administrative Lock and Danger Tag on the disconnect switch and activating the switch.

6. Verify at the front display panel on the Danfysik that the unit successfully completes the initialization routine and no interlock fault exists.
WARNING:  Do NOT set current on the magnet or energize supply output!

7. Verify the Danfysik’s water flow interlock by closing the LCW supply valve. 
8. Does the interlock fault register on the front panel?

c. 
If YES, proceed to Step 9 below.

d. 
If NO, abort this procedure, and contact EES for further guidance.

9. Open the valve, and reset the fault on the front panel.

B.  Check Magnet Temperature Switch

1. Perform a visual inspection of the magnet to ensure the temperature interlock wires are connected to the magnet. 

2. Turn ON the Danfysik by removing all personal LTT lock(s) on the disconnect switch and activating the switch.

3. After the supply completes the initialization routine, unplug the temperature interlock plug from the interlock junction panel. 

4. Does the interlock fault register on the front panel?

e. If YES, proceed to Step 5 below.

f. If NO, retrace the magnet temperature interlock lines and confirm that the correct line is being used and repeat this section of the procedure.

5. Return the temperature interlock plug into its proper connection on the interlock junction panel. 
6. Press the OFF/RESET button on the front panel of the Danfysik.

7. The magnet over-temperature fault should clear and no longer be illuminated. 

8. Has the interlock fault cleared on the front panel?

g. If YES, proceed to Step 9 below.

h. If NO, abort this procedure, and contact EES for further guidance.

9. Turn the disconnect switch to the 0/OFF position.

10. Are you checking the Blue Danfysik?

i. If YES, proceed to Section C. Check Crash Switch  below.

j. If NO, you are checking the Brown Danfysik.  Procedure complete.

WARNING:  If the Dansysik is not going to be energized immediately, the Administrative Lock and Danger Tag must be used to lock out the disconnect switch.

C.  Check Crash Switch (Blue Danfysik Only)

Note:  This procedure requires the box supply to be connected to a load, magnet or otherwise, before performing.  All conditions and procedures under Section III C, Energizing and Operating Magnet, of this procedure must be observed.
1. Turn ON the Blue Danfysik by removing all personal LTT lock(s) on the disconnect switch and activating the switch.

2. Dial or set the magnet current to 5 A. Activate the supply output by pressing the ON pushbutton.
3. Press the red crash switch on the Danfysik.

4. Check the front panel to ensure that the Panic Switch interlock indicates a fault.  

5. Did the supply main contactor drop out? and does the Panic Switch interlock fault register on the front panel?

k. If YES to both, proceed to Step 6 below.

l. If NO, abort this procedure, and contact EES for further guidance.

6. Cycle the disconnect switch to the 0/OFF position, and reset the crash switch.

7. Turn ON the disconnect switch, and set the current back to zero amps if necessary.

8. Turn OFF the Danfysik by turning the disconnect switch to the 0/OFF position.

WARNING:  If the Dansysik is not going to be energized immediately, the Administrative Lock and Danger Tag must be used to lock out the disconnect switch.

THIS COMPLETES THE INTERLOCK CHECK PROCEDURE.
Special Environmental Controls

N/A
Training Requirements

Each person must have the following training and knowledge:
1. General  Electrical Training:

a. SAF603A:  Electrical Safety Awareness

b. SAF603N:  Basic NFPA-70E Training

c. SAF104:   Lock, Tag & Try

d. SAF105:   CPR/AED

2. Equipment specific training, presented by the Magnet Measurement Facility supervisor, Ken Baggett.  Operators must be qualified by the Magnet Measurement Facility supervisor to perform procedures involved in Danfysik operations.

3. Training references include Jefferson Lab’s EH&S Manual, Chapter 6110 – Lockout/Tagout (http://www.jlab.org/ehs/manual/EHSbook-272.html#pgfId-982) and Chapter 6230.

Unusual/Emergency Procedures

Detailed procedures for dealing with emergencies that may be associated with the use of high voltage power supplies can be found in the EH&S manual.  

Instrument Calibration Requirements

N/A
Inspection Schedules

N/A
References/Associated Documents

N/A
Records
N/A
Appendix A
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