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Isolating a Booster RF Modulator
from the Anode Power Supply
Purpose and Scope

The purpose of this procedure is to outline and detail the process of isolating a Booster radio frequency Anode Modulator from the common 30kV Anode Supply High Voltage source for the maintenance of Booster Anode Modulators. This equipment needs to be isolated when working on a modulator or power amplifier, but it is desirable that the other Booster RF stations remain on.
Performance of Maintenance Activities

This procedure is always performed by two trained employees due to the dangerous voltages that may be present.

All personnel who replace, access or work within the described equipment must comply with the specific instructions and related LOTO procedures defined in the 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.

For an overall view of this system, refer to the block diagram on Attachment 2.

Authorized Personnel

An Accelerator Division employee is authorized to perform this procedure if he/she has necessary knowledge and current training, including current training and authorization to perform the following LOTO procedures:

· Booster Anode Power Supply LOTO procedure (ADDP-EE-9933)

· Booster Modulator LOTO procedure (ADDP-RF-2016-0005)

Equipment

· Ladder, narrow profile, 6’ – 8’ tall
· Philips screwdriver
· Pliers

The Steps of LOTO Prior to Maintenance Activity

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.
Notify:  The authorized employee should, as necessary, notify affected area personnel of the LOTO and maintenance activity.  Affected personnel include those who might normally use the equipment or who would be affected by the unavailability of the equipment.  Maintenance activities in the Accelerator Division normally require notification of the Crew Chief in the main control room (x3721).

Shut Down Procedure:  The authorized employee shall shut down or turn off the equipment or system by using the normal shutting down procedure.

1. From the Console turn modulators to HV off from page B25 or locally by placing modulator in local mode and toggling the HV ON/OFF switch to OFF position.
2. From the Console Turn Ferrite Bias Supply (FBS) to OFF from page B25 or locally by placing Ferrite Bias Supply control units in local mode and pushing the contactor open button.

3. Turn the Solid-State Driver RF Amplifier’s Gate Bias to OFF either locally or from B25.

4. Turn the Anode Power Supply off locally, or remotely through the Controls Console B25 page:
a. Locally: Place Anode Power Supply Control Panel in local mode, turn HV OFF by pushing the Red OFF button. Continue to step #5. 

b. Remotely: By using a Controls console, go to page B25 and turn OFF the Anode Power Supply. 

5. Place Anode Power Supply Control Panel in local mode. Disconnect all modulators from Anode Power Supply by using the Anode Power Supply Display Panel under Subpage Switches. Actuate the switches by pushing on the disconnect icon button for each Station. Note: Disconnecting/connecting of the Switches can only be done locally! 

Leave the Anode Power Supply Control Panel in local mode.
Lock Out/Tag Out:  The authorized employee shall isolate, relieve, restrain and verify the sources of AC energy feeding the Anode Power supply using the Booster Anode Power Supply LOTO procedure (ADDP-EE-9933).  The authorized employee shall isolate, relieve, restrain and verify the sources of AC energy feeding the modulator using the Booster Modulator LOTO procedure (ADDP-RF-2016-0005).
The Steps of Maintenance Activity Procedure

Prepare the Modulator:  Take the ground stick from the inside door of the modulator to be isolated, hook the stick onto the anode of the series tube, and leave the stick hanging on the anode of the series tube.
Access the Anode P.S. DC Cabinet:  Enter the APS DC Cabinet and locate the appropriate HV modulator disconnect switch, and carefully climb the ladder to reach the switch.  Use the screwdriver to disconnect the Okonite 30kV HV B+ cable from the HV disconnect switch.  Remove the wingnut from the grounding plate at the lower end of the disconnect switch mounting bracket, and connect the Okonite HV cable to ground with the wingnut.
The Booster RF Anode Modulator is now isolated from the Anode Power Supply.
Return to Service
Check Equipment:  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.

Check Work Area:  Check the work are to ensure that all employees are safely positioned or removed from the area as necessary and/or appropriate.
Bypass the Disconnected Modulator:  Unplug the disconnected modulator’s Anode P.S. Interlock cable from the top panel of the modulator, and place a jumper on the cable’s 3-pin Burndy connector to bypass the APS door interlock for that modulator.  Disable the disconnected modulator’s HV deck interlock by flipping the appropriate toggle switch on the Modulator Deck HV Status module in the RCC rack.
Turn On Procedure:  The authorized employee shall turn on the equipment or system by using the normal turning on procedure.

1. Verify that all remaining modulators are in the “HV Ready” state.

2. The authorized employee shall complete THE STEPS FOR RETURN TO SERVICE as listed in Section 6 of the Booster Anode Power Supply LOTO procedure (ADDP-EE-9933).

3. Place Anode Power Supply Control Panel in local mode. Reconnect all reamining modulators to the Anode Power Supply by using the Anode Power Supply Display Panel under Subpage Switches. Actuate the switches by pushing on the connect icon button for each Station that is operational. Note: Disconnecting/connecting of the Switches can only be done locally!
4. Turn the Anode Power Supply on locally, or remotely through the Controls Console B25 page:

a. Locally: Check that the the Red OFF button is not locked in the off position. With the Anode Power Supply Control Panel in local mode, push the Yellow RESET button, and then push the Green ON button to turn HV ON. Verify that the APS is in the ON state from the Home page on the Control Panel touch screen. Place the Control Panel in auto mode, and continue to step #5. 

b. Remotely: Check that the the Red OFF button is not locked in the off position, and place the Control Panel in auto mode.  By using a Controls console, go to page B25 and turn ON the Anode Power Supply.
5. Turn on all remaining stations locally, or remotely from page B25 on a console.

6. Notify the Crew Chief in the main control room (x3721) and any other affected personnel that work is complete.

This completes the requirements for returning the remaining equipment to service.


Reconnecting a Booster RF Modulator

to the Anode Power Supply
Purpose and Scope

The purpose of this procedure is to outline and detail the process of reconnecting a Booster radio frequency Anode Modulator that has been isolated from the common 30kV Anode Supply High Voltage source for the maintenance of Booster Anode Modulators.

Performance of Maintenance Activities

This procedure is always performed by two trained employees due to the dangerous voltages that may be present.

All personnel who replace, access or work within the described equipment must comply with the specific instructions and related LOTO procedures defined in the 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.

For an overall view of this system, refer to the block diagram on Attachment 2.

Authorized Personnel

An Accelerator Division employee is authorized to perform this procedure if he/she has necessary knowledge and current training, including current training and authorization to perform the following LOTO procedures:

· Booster Anode Power Supply LOTO procedure (ADDP-EE-9933)

· Booster Modulator LOTO procedure (ADDP-RF-2016-0005)

Equipment

· Ladder, narrow profile, 6’ – 8’ tall

· Philips screwdriver

· Pliers

The Steps of LOTO Prior to Maintenance Activity

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.
Notify:  The authorized employee should, as necessary, notify affected area personnel of the LOTO and maintenance activity.  Affected personnel include those who might normally use the equipment or who would be affected by the unavailability of the equipment.  Maintenance activities in the Accelerator Division normally require notification of the Crew Chief in the main control room (x3721).

Shut Down Procedure:  The authorized employee shall shut down or turn off the equipment or system by using the normal shutting down procedure:
1. From the Console turn modulators to HV off from page B25 or locally by placing modulator in local mode and toggling the HV ON/OFF switch to OFF position.

2. From the Console Turn Ferrite Bias Supply (FBS) to OFF from page B25 or locally by placing Ferrite Bias Supply control units in local mode and pushing the contactor open button.

3. Turn the Solid-State Driver RF Amplifier’s Gate Bias to OFF either locally or from B25.

4. Turn the Anode Power Supply off locally, or remotely through the Controls Console B25 page:

a. Locally: Place Anode Power Supply Control Panel in local mode, turn HV OFF by pushing the Red OFF button. Continue to step #5. 

b. Remotely: By using a Controls console, go to page B25 and turn OFF the Anode Power Supply. 

5. Place the Anode Power Supply Control Panel in local mode. Disconnect all modulators from Anode Power Supply by using the Anode Power Supply Display Panel under Subpage Switches. Actuate the switches by pushing on the disconnect icon button for each Station. Note: Disconnecting/connecting of the Switches can only be done locally!

Leave the Anode Power Supply Control Panel in local mode.
Lock Out/Tag Out:  The authorized employee shall isolate, relieve, restrain and verify the sources of AC energy feeding the Anode Power supply using the Booster Anode Power Supply LOTO procedure (ADDP-EE-9933).  The authorized employee shall verify that sources of AC energy feeding the modulator remain isolated, relieved, and restrained using the Booster Modulator LOTO procedure (ADDP-RF-2016-0005).

The Steps of Maintenance Activity Procedure

Prepare the Modulator:  Take the ground stick from the inside door of the modulator to be reconnected, hook the stick onto the anode of the series tube, and leave the stick hanging on the anode of the series tube.
Access the Anode P.S. DC Cabinet:  Enter the APS DC Cabinet and locate the appropriate HV modulator disconnect switch, and carefully climb the ladder to reach the switch.  Disconnect the Okonite 30kV HV B+ cable from the grounding plate by removing the wingnut.  Replace the wingnut.  Use the screwdriver to unscrew the philips head screw above the grounding plate on the disconnect switch mounting bracket, and connect the Okonite HV cable to the HV disconnect switch.
The Booster RF Anode Modulator is now reconnected to the Anode Power Supply.

Return to Service
Check Equipment:  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.

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

Turn On Procedure:  The authorized employee shall turn on the equipment or system by using the normal turning on procedure: 
1. The authorized employee shall complete THE FIVE STEPS FOR RETURN TO SERVICE as listed in Section 7.0 of the Booster Modulator LOTO procedure (ADDP-RF-2016-0005).

2. Follow the Booster RF Modulator Start Up Procedure to power up the reconnected modulator.  All modulators should be in the “HV Ready” state.

3. Verify that the jumper that was placed on the Anode P.S. Interlock cable’s 3-pin Burndy connector has been removed, and plugged into the top panel of the modulator to reenable the APS door interlock for that modulator.

4. The authorized employee shall complete THE STEPS FOR RETURN TO SERVICE as listed in Section 6 of the Booster Anode Power Supply LOTO procedure (ADDP-EE-9933).

5. Reenable the disconnected modulator’s HV deck interlock by flipping the appropriate toggle switch on the Modulator Deck HV Status module in the RCC rack.

6. Place Anode Power Supply Control Panel in local mode. Reconnect all remaining modulators to the Anode Power Supply by using the Anode Power Supply Display Panel under Subpage Switches. Actuate the switches by pushing on the connect icon button for each Station that is operational. Note: Disconnecting/connecting of the Switches can only be done locally!

7. Turn the Anode Power Supply on locally, or remotely through the Controls Console B25 page:

a. Locally: Check that the the Red OFF button is not locked in the off position. With the Anode Power Supply Control Panel in local mode, push the Yellow RESET button, and then push the Green ON button to turn HV ON. Verify that the APS is in the ON state from the Home page on the Control Panel touch screen. Place the Control Panel in auto mode, and continue to step #5. 

b. Remotely: Check that the the Red OFF button is not locked in the off position, and place the Control Panel in auto mode.  By using a Controls console, go to page B25 and turn ON the Anode Power Supply.

8. Turn on all remaining stations locally, or remotely from page B25 on a console.

9. Notify the Crew Chief in the main control room (x3721) and any other affected personnel that work is complete.

This completes the requirements for returning the remaining equipment to service.
 Booster R.F. Disconnect Locations and Designations
480 vac Tables
	
	East Booster RF Mod/SSD 480 Volt Distribution 

	
	DHP-Y-BE3
	DHP-BE6 Cir#40
	PHP-BE5

	RF Station
	BSTR Period
	FBS Switch
	FBS Breaker#
	Modulator Switch
	Mod Breaker#
	SSD Breaker#

	1
	14
	G14-SS-01
	13-15-17
	G14-SS-02
	01-03-05
	01-03-05

	2
	14
	G14-SS-04
	19-21-23
	G14-SS-03
	02-04-06
	02-04-06

	3
	15
	G15-SS-01
	14-16-18
	G15-SS-02
	07-09-11
	07-09-11

	4
	15
	G15-SS-04
	20-22-24
	G15-SS-03
	08-10-12
	08-10-12

	5
	16
	G16-SS-02
	26-28-30
	G16-SS-01
	13-15-17
	13-15-17

	6
	16
	G16-SS-04
	44-46-48
	G16-SS-03
	14-16-18
	14-16-18

	20
	16
	G16-SS-06
	56-58-60
	G16-SS-05
	26-28-30
	26-28-30

	19
	16
	G16-SS-08
	50-52-54
	G16-SS-07
	25-27-29
	25-27-29

	7
	17
	G17-SS-02
	68-70-72
	G17-SS-01
	19-21-23
	19-21-23

	8
	17
	G17-SS-04
	62-64-66
	G17-SS-03
	20-22-24
	20-22-24

	
	West Booster RF Mod/SSD 480 Volt Distribution 

	
	
	DHP-Y-BW1
	DHP-L4-1-1

	RF Station
	BSTR Period
	FBS Switch
	FBS Breaker#
	Modulator Switch
	Mod Breaker#
	SSD Breaker#

	17
	20
	G20 RF SS-2
	80-82-84
	G20 RF SS-1
	80-82-84
	01-03-05

	18
	20
	G20 RF SS-3
	74-76-78
	G20 RF SS-4
	74-76-78
	02-04-06

	9
	21
	G21 RF SS-2
	13-15-17
	G21 RF SS-1
	13-15-17
	07-09-11

	10
	21
	G21 RF SS-4
	19-21-23
	G21 RF SS-3
	19-21-23
	08-10-12

	11
	22
	G22 RF SS-2
	25-27-29
	G22 RF SS-1
	25-27-29
	13-15-17

	12
	22
	G22 RF SS-4
	31-33-25
	G22 RF SS-3
	31-33-25
	14-16-18

	
	
	
	
	
	
	DHP-BW-1-1

	13
	23
	G23 RF SS-1
	50-52-54
	G23 RF SS-2
	50-52-54
	01-03-05

	14
	23
	G23 RF SS-10
	56-58-60
	G23 RF SS-9
	56-58-60
	02-04-06

	15
	24
	G24 RF SS-2
	62-64-66
	G24 RF SS-1
	62-64-66
	07-09-11

	16
	24
	G24 RF SS-6
	68-70-72
	G24 RF SS-5
	68-70-72
	08-10-12


	West Booster BWG-124 RF FBS/Mod/SSD 480 Volt Distribution - Fed From DHP-L4-1

	
	DHP-L4-1-2

	RF Station
	Period
	FBS Switch
	Breaker#
	MOD Switch
	Breaker#
	SSD Switch
	Breaker#

	21
	20
	FBS #21
	02-04-06
	MOD #21
	20-22-24
	SSD #21
	25-27-29

	22
	20
	FBS #22
	08-10-12
	MOD #22
	26-28-30
	SSD #22
	19-21-23


120vac Tables

	East Booster RF FBS/SSD 120 Volt Distribution

	RF Station
	FBS BSTR Panel
	120 Breaker#
	SSD BSTR Panel
	120 Breaker#

	1
	G15-PP-01
	#22
	G15-PP-06
	#25

	2
	G15-PP-01
	#24
	G15-PP-06
	#27

	3
	LP-BE-7/G15-PP-02
	#30
	G15-PP-06
	#21

	4
	LP-BE-7/G15-PP-02
	#29
	G15-PP-06
	#23

	5
	LP-BE-7/G15-PP-02
	#20
	G15-PP-06
	#13

	6
	LP-BE-7/G15-PP-02
	#19
	G15-PP-06
	#15

	20
	G15-PP-06
	#20
	G15-PP-06
	#18

	19
	LP-BE-7/G15-PP-02
	#19
	LP-BE7/G15-PP-02
	#18

	7
	LP-BE-7/G15-PP-02
	#18
	G15-PP-06
	#17

	8
	LP-BE-7/G15-PP-02
	#17
	G15-PP-06
	#19


	West Booster RF FBS/SSD 120 Volt Distribution

	RF Station
	FBS BSTR Panel
	120 Breaker#
	SSD BSTR Panel
	120 Breaker#

	9
	LP-BW-7/G23-PP-02
	#18
	PP-BW-1-1
	#01

	10
	LP-BW-7/G23-PP-02
	#17
	PP-BW-1-1
	#03

	11
	LP-BW-7/G23-PP-02
	#24
	PP-BW-1-1
	#17

	12
	LP-BW-7/G23-PP-02
	#23
	PP-BW-1-1
	#19

	13
	LP-BW-7/G23-PP-02
	#30
	PP-BW-1-1
	#11

	14
	LP-BW-7/G23-PP-02
	#29
	PP-BW-1-1
	#09

	15
	LP-BW-7/G23-PP-02
	#08
	PP-BW-1-1
	#15

	16
	LP-BW-7/G23-PP-02
	#06
	PP-BW-1-1
	#13

	17
	LP-BW-7/G23-PP-02
	#02
	PP-BW-1-1
	#07

	18
	LP-BW-7/G23-PP-02
	#04
	PP-BW-1-1
	#05


	BWG-124 Booster RF FBS/SSD 120 Volt Distribution

	RF Station
	FBS BSTR Panel
	120 Breaker#
	SSD BSTR Panel
	120 Breaker#

	21
	PP-L4-1-2
	#01
	PP-L4-1-2
	#02

	22
	PP-L4-1-2
	#03
	PP-L4-1-2
	#04

	
	
	
	
	


Booster R.F Anode Power Supply Breaker Locations and Designations

	East Anode Power Supplies
	13.8 KV
	EAPS

	
	208
	G11-PP-02

	Anode Power Supplies Water Skid
	480
	DHP-BE-4 fka G12-PP-05

	
	
	

	West Anode Power Supplies
	13.8 KV
	WAPS

	
	208
	LP-BW-6 fka G02-PP-02

	Anode Power Supplies Water Skid
	480
	DHP-BW4   fka G02-PP-01
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