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1.0   PURPOSE AND SCOPE

	The purpose of this document is to outline and detail the conduct of LOCKOUT/TAGOUT for the maintenance of the PXIE Ion Source power supplies located at the Cryo-Module Test Facility (CMTF).

The procedure pertains to work activities on equipment that provide electrical energy to specific components of the ion source. These components are the ion source filament, arc generator, plasma lens, and extractor lens. The procedure also pertains to work on the isolated AC power system, isolated DC transmission system, high voltage DC bias power supply, and the critical device contactor.

The procedure is necessary for authorized persons to place the ion source electrical equipment into a safe de-energized condition, prior to authorized personnel working within the high voltage enclosure(s).


2.0   PERFORMANCE OF MAINTENANCE ACTIVITIES

2.1	This procedure is considered to be simple, and therefore authorized employees are not required to perform check off steps nor are they required to have this document with them while performing the necessary operations.

2.2 	All personnel who repair replace, access, or work within the described equipment shall comply with the specific instructions defined in this document. In cases where unusual circumstances may require deviation from these instructions, the Department Head or his/her designee and all participating personnel shall discuss and agree upon an appropriate course of action.

2.3	Within the low voltage rack, activities that involve electrical work on the 120VAC utility wiring shall require lockout/tagout of the 120VAC line input. Work that is expressly plug and cord controlled shall be exempt of this requirement.


3.0   AUTHORIZED PERSONNEL

3.1	The EE Support Department Head maintains a list of department personnel authorized to perform this procedure. This list is accessible on the web via the Department’s home page under "LOTO Compliance".

3.2	In times of emergency the Department Head or the Power Supply Group Leader may authorize other employees to perform this procedure.  They shall assure themselves that the employee has read this procedure and can safely perform the necessary activities.



4.0   THE NECESSITY OF WRITTEN LOTO PROCEDURE

a) Multiple AC power energy sources:
· 480 VAC for the isolated AC power system,
· 208 VAC for the HV Bias power supply,
· 120 VAC for the LV rack utility and control power.

b) Two (2) high-voltage energy sources:
· HV DC power supply (0-40kV) to generate the -30 KVDC bias, and
· HV DC power supply (0-5kV) for the source extraction lens.

c) Three (3) high-current power sources:
· 5 KW DC power supply (500A/10V) for the source filament,
· 10KW DC power supply (60A/150V) for the source arc generation,
· 750W DC power supply (60A/12V) for the source plasma lens.

d) All power supplies and control electronics within the HV rack are energized from an isolated AC power system with a distribution voltage of 3P-208/120 VAC. The isolated AC power system and all equipment within the HV rack is electrically connected to the output of the HV Bias power supply and will be elevated to a nominal operating DC bias potential of -30 KVDC. Remote analog programming is limited to -32 KVDC using a voltage divider ahead of the power supply programming input.

e) Stored energy may remain on the output of the HV Bias power supply. Stored energy is approximately 6.7 joules at maximum rated output.

f) Stored energy may remain on the output of the Extractor lens power supply. Stored energy is approximately 1.2 joules at maximum output.

g) Possibility of static charge remaining on equipment within the HV rack and the isolated DC transmission to the ion source.


4.1	Control and Mitigation of Hazards:

a) Two-man rule when discharging stored energy.

b) 480 VAC – A lockable disconnect switch is provided as the energy control point for the isolated AC power system. 480 VAC is the primary input power for the three isolation transformers. The disconnect switch has a view window for purpose of visual verification.
 
c) 208 VAC - A lockable disconnect switch is provided as the energy control point for the Ion Source HV Bias power supply and Critical Device Contactor. The HV Bias power supply is sourced single phase 208 VAC. The disconnect switch has a view window for purpose of visual verification.

d) 120 VAC – A lockable wall switch is provided as the energy control point for 120 VAC utilization power into the low voltage rack. 

e) Stored energy on the output of the Glassman “HV Bias” power supply is expected to bleed-down within 15 seconds of the power supply being de-energized and/or turned off. A Ross relay has also been installed and interlocked to immediately “crowbar” the output of the HV bias supply should either of the HV rack doors be opened. The Ross relay and contacts can be viewed for visual verification.

f) Stored energy remaining on the output of the Glassman “Extraction Lens” power supply is expected to bleed-down within 15 seconds of the supply being de-energized and/or turned off.

g) Any remaining static charge must be discharged using a non-resistive ground stick before making access into the HV rack.


5.0   THE STEPS OF LOCKOUT/TAGOUT PRIOR TO MAINTENANCE ACTIVITY

	The authorized employee must perform the following steps prior to the maintenance activity.

5.1   Prepare - The authorized employee shall understand the hazards involved and how to control them. If an authorized employee does not have this knowledge, he/she is not qualified to perform the LOTO procedure or maintenance activity.

5.2   Notify - The authorized employee shall, as necessary, notify affected area personnel of the LOTO and maintenance activity. If the procedure is being used during PXIE operation, the PXIE accelerator operator(s) shall be first notified of the activity. During all other times, the procedure may be used at the discretion of the personnel responsible for the maintenance of the equipment.

5.3   Shutdown -
	a) Use ACNET controls to turn OFF each of the ion source power supplies in a controlled fashion.

	b) Observe and confirm zero voltage indications on the panel meters for each power supply.

5.4   Isolate –

	a) Isolate the 480 VAC for the isolated AC power system. Locate the disconnect switch labeled “Ion Source Isolated Rack Power”. Operate the switch to its OFF position. Visually verify that all 3 switch blades are fully retracted to the open position (use a flash light if necessary). Apply lock & tag.

	b) Isolate the 208 VAC for the High Voltage Bias supply. Locate the disconnect switch labeled “Ion Source Critical Device Bias Supply”. Operate the switch to its OFF position. Visually verify that all 3 switch blades are fully retracted to the open position (use a flash light if necessary). Apply lock & tag.

	c) Isolate the 120 VAC for the low voltage rack utility power. Locate the disconnect switch labeled “Ion Source LV Rack Utility Power”. Operate the switch to its OFF position. Apply lock & tag.

	Note: This step is only required when the activity involves working on the 120V utility wiring, terminations, and electrical conductors within the LV rack. Activities that can be plug and cord controlled shall be exempt of this requirement.



5.5   Verify –

	a) 480 VAC for Isolated AC Power System – Perform visual verification as instructed in 5.4(a).

	b) 208 VAC for High Voltage Bias supply – Perform visual verification as instructed in 5.4(b).

	c) 120 VAC into LV rack utility - Use a DVM (CAT III) to check for absence of voltage if working on/near exposed conductors.

	

5.6   Discharge Stored Energy and Ground –

	DANGER – Equipment within the high voltage rack is mounted within an isolated rack frame that operates at lethal voltage. DO NOT touch any equipment within the HV rack before first determining that the HV bias supply is OFF, its output crowbarred, and any remaining static energy has been discharged to ground.

	a) Two-man rule.

	b) Verify that the HV bias supply is de-energized and OFF.

	c) Look through the front window door of the high voltage rack (use a flash light if necessary) and locate the “CROWBAR” relay mounted at the bottom of the rack. The crowbar relay is a Ross type relay with two contact poles. One pole is electrically connected to the output of the HV bias supply and the other pole is electrically connected to the non-isolated rack frame which, in turn, is bonded to the building ground grid. When de-energized, the relay actuator rod will be spring-forced to an UP position with the shorting bar across/in-contact with both poles. Visually verify that the shorting bar is across both poles and thus grounding the output of the HV bias power supply.

	d) Locate the hard ground stick and visually verify the integrity of the grounding hook, wiring, and electrical connections. Open the front door of the HV rack, and then touch and attach the grounding stick to the grounding point labeled “LOTO A”.

	e) Should a spark be seen when attaching the ground stick, stop and re-evaluate the situation before proceeding. If the situation is not understood and/or resolved, secure the rack door and contact the system expert and/or line management before proceeding.

	f) Perform all steps above prior to removal of any protective barriers, including those around the isolation transformers, the isolated DC transmission cable tray, and the ion source.

5.7   Special Instructions –

	Use a DVM (CAT III) to check for absence of voltage before touching any exposed electrical conductors.


6.0   SPECIAL REQUIREMENTS FOR SHIFT/PERSONNEL CHANGE

	If the required work continues over a shift or personnel change, the authorized employees involved shall ensure: 

	a) An orderly exchange of lock and tags have taken place and

	b) The on-going shift is informed of the present equipment status from the off-going shift.
	

7.0   THE STEPS FOR RETURNING TO SERVICE
	The authorized employee must perform the following steps prior to returning the equipment to service after service or maintenance activity.

7.1	Check Equipment – Verify that all protective barriers around the isolation transformers are in-place and secure. Verify that all caging around the ion source and isolated DC transmission tray is in-place and secure. Check the equipment and the immediate area around it to ensure that nonessential items and tools are cleared and that the equipment is ready for safe operation.

7.2	Check Work Area - Check the work area to ensure that all employees are safely positioned or removed from the area as necessary and/or appropriate. 

7.3	Remove grounds and secure the doors.  

7.4	Verify - Verify that all controls for the equipment are in the neutral or off position.

7.5	Remove Padlocks and Tags and Re-energize - The authorized employee who installed the lock(s) and tag(s) shall remove them and reconnect the equipment to the energy source(s) from which it was isolated.
	
7.6	Notify - The authorized employee should, as necessary, notify affected area personnel of the completion of maintenance and LOTO activity. If PXIE accelerator operating personnel were notified prior to the activity, they should be notified upon completion of the activity.



8.0	PROCEDURE TRAINING REQUIREMENTS
		
	Authorized employees are required to have had LOTO Level 2 training and shall have read and understood this LOTO procedure. 

		Electrical/Electronic Department Personnel using this procedure shall be trained on the job. After reviewing this document, the employee shall perform the steps accompanied by an employee with previous experience. The authorized employee shall then complete an "Accelerator Division Electrical/Electronic Department Procedures Review Form" and turn it in to the Department secretary.
	
	Personnel from other departments shall be trained according to the requirements of their department.


9.0	Record of revisions:



