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[bookmark: _Toc517949081]introduction
1.1 [bookmark: _Toc517949082]Purpose of the document
This document provides a maintenance manual for the Accelerator Personnel Safety System 0 (PSS0) at European Spallation Source ERIC in Lund, Sweden. The objective is to describe how to preform maintenance for PSS0.
When performing maintenance, the forms in Appendix 1 are to be used. Documentation and reports shall be uploaded to CHESS after maintenance is carried out.



[bookmark: _Toc517949083]Roles and responsibilities
The protection and safety systems group within ICS shall carry out and plan both preventive and breakdown maintenance for PSS0.
The PLC application programmer shall take part in the planning and preparation of the maintenance.
Shift leader (or equivalent, according to Operations) shall confirm and approve the maintenance plan according to. [1]
[bookmark: _Toc517949084]PSS0 overview
PSS0 overview can be found in [2] Concept of Operations for the Accelerator Personnel Safety System 0 (PSS0), Hardware Design specifications can be found in [3].


[bookmark: _Toc517949085]Preparation before maintenance
[bookmark: _Toc517949086]Equipment involved
[bookmark: _Toc516662386]Table 1: PSS0 Field devices
	ESS name
	Device function
	Preventive maintenance
	Proof testing
Interval

	Acc-Z0:PSS-ACB-1
	Field box containing the Exchange Key Switch
	Every 
12 months
	Every 2 years

	Acc-Z0:PSS-Ann-1
	Signal Column (Green light + sounder)
	Every 
12 months
	Every 2 years

	Acc-Z0:PSS-ESB-1
	Emergency Stop Button
	Every 
12 months
	Every 2 years

	Acc-Z0:PSS-GRly-1
	HV Grounding Relay
	Every 
12 months
	Every 2 years

	Acc-Z0:PSS-GRod-1
	HV Grounding Rod
	Every 
12 months
	Every 2 years

	Acc-Z0:PSS-LiP-1
	HV ON Light Panel
	Every 
12 months
	Every 2 years

	Acc-Z0:PSS-LiP-2
	Beam ON Light Panel
	Every 
12 months
	Every 2 years

	ACC-Z0:PSS-LiP-3
	Beam ON Light Panel
	Every 
12 months
	Every 2 years

	Acc-Z0:PSS-MeL-1
	Mechanical Lock
	Every 
12 months
	Every 2 years

	Acc-Z0:PSS-MeS-1
	Mechanical Safety Switch
	Every 
12 months
	Every 2 years

	Acc-Z0:PSS-MgS-1
	Magnetic Safety Switch
	Every 
12 months
	Every 2 years

	Acc-Z0:PSS-RIO-1
	Sub-Rack for Remote I/O inside ISrc HV fenced area (Red Sys.)
	Every 
12 months
	Every 2 years

	Acc-Z0:PSS-RIO-2
	Sub-Rack for Remote I/O inside ISrc HV fenced area (Blue Sys.)
	Every 
12 months
	Every 2 years

	Acc-Z0:PSS-SeB-1
	Illuminated Search Button inside ISrc HV fenced area
	Every 
12 months
	Every 2 years

	Acc-Z0:PSS-SeB-2
	Illuminated Search Button inside ISrc HV fenced area
	Every 
12 months
	Every 2 years

	FEB-010Row: CnPw-U-001 
	PSS Red Sys. PLC Rack
	Every 
12 months
	Every 2 years

	FEB-010Row: CnPw-U-002 
	PSS Red Sys. Remote IO Rack
	Every 
12 months
	Every 2 years

	FEB-010Row: CnPw-U-007 
	PSS HV PS Contactors Rack
	Every 
12 months
	Every 2 years

	FEB-020Row: CnPw-U-009 
	PSS Blue Sys. PLC Rack
	Every 
12 months
	Every 2 years

	FEB-020Row: CnPw-U-0010 		
	PSS Blue Sys. Remote IO Rack
	Every 
12 months
	Every 2 years




[bookmark: _Toc517949087]Requirements
To ensure the reliability of the PSS0 system, all field devices and PSS0 racks (U1-U9) need to be maintained properly. Focus shall be on the mechanical and electrical components. 
All hardware is fully detailed in [3].
A list of spare parts, special tools/measure equipment that are needed for maintenance are detailed in table 2.

UPS batteries are to be checked prior to maintenance according to the manual [4], and if needed replaced. 
This procedure is done according to the manual for the specific UPS.
[bookmark: _Toc517949088]Safety
· Personal protection equipment (PPE) according to ESS regulations are to be worn at all time. Required documentation and permits shall be filled in according to ESS rules. These shall include risk assessments and work orders.
· Personnel taking part in the maintenance needs to be trained according to ESS regulations.
· All equipment used for measurement needs to be calibrated.
· Lock-Out/Tag-Out (LOTO) shall be in place before electrical work and maintenance is preformed according to ESS LOTO procedures [5]
· Consumables (such as filters) and tools shall be handled according to ESS regulations.
· PSS0 PLC equipment and field devices are powered by 24VDC UPS power; this has to be taken in to consideration when preforming maintenance.
· When replacing UPS batteries special attention have to be taken to ensure safety when handling the batteries. 


[bookmark: _Toc517949089]Consumables
Table 2 lists the consumables needed to perform preventive maintenance.
[bookmark: _Toc516662387]Table 2: Consumables
	Name
	Quantity
	Manufacturer/number
	Note

	Filter for racks
	10
	Shroff
	

	Multi USE lubrication
	1
	Any penetrating water  displacing lubrication
	

	LED light for search button
	2
	SIE.3SB3901-1DA
	

	LED light for light Colum
	1
	SIE.3SB3901-1DA
	

	LED light for Emergency stop button
	1
	SIE.3SU1401-1BB00-1AA0
	



[bookmark: _Toc517949090]Preliminary checks
Before carrying out maintenance, it is important to verify and document the current system status. Checking system logs and protocols from the last performed proof test protocol shall be carried out.
[bookmark: _Toc517949091]Preventive maintenance
Preventive maintenance according to Appendix 1 shall be performed to ensure that consumables and wear parts are replaced. Before replacing a component, the spare parts should be checked to be according to the previous installed versions in [6]. In case of end of life (EOL) for the spare parts, the PSS team needs to be contacted to assess the replacement part and update the documentation.
After final validation, preventive maintenance shall be carried out by the PSS team according to Table 1.
[bookmark: _Toc517949092]Breakdown maintenance
Reported breakdown maintenance shall be checked and planned prior to preforming the maintenance together with the shift leader The work carried out should be documented and reported back to the shift leader according applicable Operations procedure. The PSS configuration management plan [7] is used for traceability.

[bookmark: _Toc517949093]Proof Test
Proof testing shall be carried out according to [Table 1] and to be performed according to [8].



[bookmark: _Toc517949094]Equipment 
[bookmark: _Toc517949095]Acc-Z0:PSS-ACB-1	Field box containing the Exchange Key Switch
Description
A box containing the key exchange for PSS0
Key exchange delivered by Fortress, part number according to [6].
Hardware requirements are according to [3].
Spare key for the key exchange is handled according to [9]

[image: ]
[bookmark: _Toc515017457]Figure 1 Key exchange box
Maintenance 
Mechanical
- Check the mechanical function of the lock
- Visual inspection of mounting and installation.
- If required, use lubrication according to manufacture.
- Condition of box
- Remove dust and debris from box
Electrical
- Ensure PE connectivity
- Check terminations (it shall be done during ISrc and LEBT shutdown)

Spare parts
- In case one of the keys of key exchange system is missing, it shall be handled according to description in [9]
[bookmark: _Toc517949096]Acc-Z0:PSS-Ann-1	Signal Column (Green light + sounder)

Description
Signal column with green light and sounder to indicate ongoing search
Hardware requirements are according to [6].

[image: ]
[bookmark: _Toc515017458]Figure 2 Signal column
Maintenance 
Mechanical
- Visual inspection of mounting and installation.
Electrical
- Check the function of the light and sounder.
- Check terminations (it shall be done during ISrc and LEBT shutdown)
Spare parts
-For spare parts consult PSS0 Hardware Design Requirements Specifications [6].
[bookmark: _Toc517949097]Acc-Z0:PSS-ESB-1	Emergency Stop Button
Description
Emergency stop button to cut the power supply to the HV platform.
Hardware requirements are according to [3].

[image: ]
[bookmark: _Toc515017459]Figure 3 Emergency stop button
Maintenance 
Mechanical
- Visual inspection of mounting and installation.
- Check mushroom function, reset and hold.
Electrical
- Check illumination of button.
- Ensure PE connectivity
- Check terminations (it shall be done during ISrc and LEBT shutdown)
Spare parts
-For spare parts consult PSS0 Hardware Design Requirements Specifications [6].
[bookmark: _Toc517949098]Acc-Z0:PSS-GRly-1	HV Grounding Relay
Description
Grounding relay for HV, to ensure that no HV can get through.
Hardware requirements are according to [3].
[image: ]
[bookmark: _Toc515017460]Figure 4 Grounding relay
Maintenance 
Mechanical
- Visual inspection plexiglass cage for damage
- Remove plexiglass cage to inspect relay for mechanical damage
- Check mounting of the relay and mechanical function
- Lubrication
- Check state of HV contacts
- Clean dust out of relay and plexiglass cage
- Check terminations
Electrical
- Ensure PE connectivity
- Check terminations (it shall be done during ISrc and LEBT shutdown)
- Check torque markings on the grounding cable attached to the grounding bar.

Spare parts
- For spare parts consult Accelerator PSS0 Electrical Circuit Diagram [6].

[bookmark: _Toc517949099]Acc-Z0:PSS-GRod-1	HV Grounding Rod
Description
Grounding rod for HV cage. Connects to the cage via a hook on the left hand side. Has a parking switch that is actuated when the rod in in parking mode across the HV fence door.
Hardware requirements are according to [3].

[image: ]
[bookmark: _Toc515017461]Figure 5 Grounding rod
Maintenance 
Mechanical
- Visual inspection of rod
- Visual inspection of cable attachments to rod
- Check parking switch mounting
- Check HV platform mounting
- Check connection details on the HV cage
- Check terminations (it shall be done during ISrc and LEBT shutdown)

Electrical
- Ensure PE connectivity
- Check terminations
- Check torque markings on the grounding cable attached to the grounding bar.
Spare parts
- For spare parts consult Accelerator PSS0 Electrical Circuit Diagram [6].



[bookmark: _Toc517949100]Acc-Z0:PSS-LiP-1	HV ON Light Panel
[bookmark: _Toc517949101]Acc-Z0:PSS-LiP-2	Beam ON Light Panel 2 off
[image: ]
Description
Light panels to indicate state of operation.
Hardware requirements are according to [3].
Maintenance 
Mechanical
- Visual inspection of mounting
Electrical
- Ensure PE connectivity
- Check terminations (it shall be done during ISrc and LEBT shutdown)
Spare parts
- For spare parts consult Accelerator PSS0 Electrical Circuit Diagram [6].
[bookmark: _Toc517949102]Acc-Z0:PSS-MeL-1
[image: ]
[bookmark: _Toc515017462]Figure 6 Key exchange lock
Description
Mechanical lock for ISrc HV fence access door
Hardware requirements are according to [3].
Maintenance 
Mechanical
- Visual inspection of mounting and installation.
- Visual inspection of mechanical function, in locked and unlocked mode.
- Functional testing of emergency escape function and reset.
- Lubrication of lock to ensure it runs smoothly.
- Inspect bracket for damage.
- Check torque markings on bolts that hold the lock
Electrical
- Ensure PE connectivity.
Spare parts
- For spare parts consult Accelerator PSS0 Electrical Circuit Diagram [6].



[bookmark: _Toc517949103]Acc-Z0:PSS-MeS-1	Mechanical Safety Switch

[image: ] [image: ]
[bookmark: _Toc515017463]Figure 7 Mechanical safety switch
Description
Mechanical safety Switch for ISrc door, mounted on the inside of the door
Hardware requirements are according to [6].
Maintenance 
Mechanical
- Visual inspection of mounting
- Visual inspection of mechanical function, in locked and unlocked mode
- Lubrication if needed
Electrical
- Check LED´s feedback
- Ensure PE connectivity
- Check terminations (it shall be done during ISrc and LEBT shutdown)
Spare parts
- For spare parts consult Accelerator PSS0 Electrical Circuit Diagram [6].




[bookmark: _Toc517949104]Acc-Z0:PSS-MgS-1	Magnetic Safety Switch

[image: ] [image: ]
[bookmark: _Toc515017464]Figure 8 Magnetic safety switch
Description
Magnetic Safety switch for ISrc HV fence access door, mounted on the inside of the door.
Hardware requirements are according to [3].
Maintenance 
Mechanical
- Visual inspection of mounting
- Visual inspection of clearance when the door is closed min 3mm max 7mm
Electrical
- Ensure PE connectivity
- Check terminations (it shall be done during ISrc and LEBT shutdown)
Spare parts
- For spare parts consult Accelerator PSS0 Electrical Circuit Diagram [6].



[bookmark: _Toc517949105]Acc-Z0:PSS-RIO-1	Sub-Rack for Remote I/O inside ISrc HV fenced area (Red Sys.)
[bookmark: _Toc517949106]Acc-Z0:PSS-RIO-2	Sub-Rack for Remote I/O inside ISrc HV fenced area (Blue Sys.) 
Description
Two sub racks in one 19“ 9U high containment in one of the racks on  the HV platform
Hardware requirements are according to [3].
Maintenance 
Mechanical
- Visual inspection of mounting and condition of the rack
- Clean the inside of the rack if needed
Electrical
- Ensure PE connectivity
- Check terminations (it shall be done during ISrc and LEBT shutdown)
Spare parts
- For spare parts consult Accelerator PSS0 Electrical Circuit Diagram [6].
[bookmark: _Toc517949107]Acc-Z0:PSS-SeB-1	Illuminated Search Button inside ISrc HV fenced area
Acc-Z0:PSS-SeB-2	Illuminated Search Button inside ISrc HV fenced area
Description
Search buttons for ISrc HV cage.
[image: ]
[bookmark: _Toc515017465]Figure 9 Search button
Hardware requirements are according to [3].
Maintenance 
Mechanical
- Visual inspection of mounting
- Visual inspection of markings
- Visual inspection of lights in the LED
Electrical
- Ensure PE connectivity
- Check terminations (it shall be done during ISrc and LEBT shutdown)
Spare parts
- For spare parts consult Accelerator PSS0 Electrical Circuit Diagram [6].
[bookmark: _Toc517949108]Acc-Z0:PSS-LiP-1	HV ON Light Panel
Acc-Z0:PSS-LiP-2	Beam ON Light Panel
ACC-Z0:PSS-LiP-3    Beam ON Light Panel
Description
Signs to indicate HV and Beam ON
[image: ]
Figure 10 Beam and HV ON panels
Hardware PSS0 Hardware Design Requirements Specifications are according to [3].
Maintenance 
Mechanical
- Visual inspection of mounting
- Visual inspection of markings
- Visual inspection and cleaning of signs
Electrical
- Ensure PE connectivity
- Check terminations (it shall be done during ISrc and LEBT shutdown)
Spare parts
- For spare parts consult Accelerator PSS0 Electrical Circuit Diagram [6].

[bookmark: _Toc517949109]FEB-010Row: CnPw-U-001 	PSS Red Sys. PLC Rack
FEB-010Row: CnPw-U-002 	PSS Red Sys. Remote IO Rack
FEB-020Row: CnPw-U-003 	PSS Blue Sys. PLC Rack
FEB-020Row: CnPw-U-004 	PSS Blue Sys. Remote IO Rack
Description
PLC and RIO racks for PSS0
Hardware requirements are according to [3].
Maintenance 
Mechanical
- Visual inspection of markings
- Visual inspection of overall mounting.
- Visual inspection of cabinet.
- Lubrication of door hinges and locks.
- Clean the inside of the rack if needed.
- Functional checks of HMI where present.
- filters
Electrical
- Electrical checks according to appendix, as reference [6]
- UPS status and battery date, needs to be replace every 4 years.
- UPS Status and condition can be checked using the PSS laptop and access the webserver connection in the UPS.
- Ensure PE connectivity.
Spare parts
- For spare parts consult Accelerator PSS0 Electrical Circuit Diagram [6].



[bookmark: _Toc517949110]FEB-010Row: CnPw-U-007 	PSS HV PS Contactors Rack
Description
HV PS contactor rack that contains the power feed (400VAC contactor) for ISrc power supply.
Hardware requirements are according to [3].
Maintenance 
Mechanical
- Visual inspection of markings
- Visual inspection of overall mounting.
- Visual inspection of cabinet.
- Lubrication of door hinges and locks.
- Clean the inside of the rack if needed.
- Functional checks of HMI where present.
- Filters
[bookmark: _GoBack]Electrical
- Electrical checks according to appendix, as reference [6]
- Ensure PE connectivity.
Spare parts
- For spare parts consult Accelerator PSS0 Electrical Circuit Diagram [6].



[bookmark: _Toc517949111]Abbreviations
Abbreviation		Explanation

EOL			End of Life
FEB			Front End Building
G01			Accelerator Tunnel Building
HMI			Human Machine Interface
HV			High Voltage
HV PS			High Voltage Power Supply
ISrc			Ion Source
LOTO			Lock-Out/Tag-Out
MCB			Miniature Circuit Breaker
PE			Protective Earth
PLC			Programmable Logic Controller
PSS			Personnel Safety Systems
PSS0			Personnel Safety System for ISrc and LEBT Test Stand
UPS			Uninterruptible Power Supply
V			Voltage
VDC			Voltage DC current
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