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Introduction

A PLC based interlock system for the protection of normal conducting magnets was developed in collaboration with EN/ICE in view of implementing a standardized interlock solution for the renewal of old interlock systems of previous machines as well as for new installations at Cern. 

The WIC (Warm magnet Interlock Controller) system is an efficient and reliable solution. It is currently protecting the normal-conducting magnets of the LHC; the transfer lines SPS-LHC-CNGS, the Linac3 and the LEIR machine.

1. SCOPE

This document describes the derivative version of this PLC based interlock system scaled to building 287 installation needs. The corresponding technical features and the subsequent financial aspects are described.

2. WIC MAIN FEATURES 

2.1 THE PRINCIPLE

The Warm magnet Interlock Controller is a PLC based system. It protects the normal conducting magnets from overheating by switching off the power converter when a fault occurs.
In order to optimise safety, the Siemens “F” Series PLC is used, offering a self checking safety environment that ensures system integrity. The WIC system performs self-testing of its own hardware and software to detect failures and corruption, and goes into a safe state in the event of an abnormality. The fail safe state is to switch the Power-converters off.

It should be noted that no analogue values are transmitted or processed by the WIC. Only digital information is considered (either OK or NOT OK). 

2.2  GENERIC SOLUTION

The system has been designed for deployment in different areas by using a generic program and a homogenous hardware solution. 

In order to adapt the interlock process to the existing layout, the hardware installation has to be described within a database (including magnet name, types, inputs and outputs addresses, power converters, interface types…). This will be delivered to the PLC controller in the form of a configuration file. The file is downloaded to the PLC and the system will then configure itself according to the defined hardware.
The program running in the WIC is extremely simple: 

.IF (Magnet Overheats) OR (Flow Switch opens) THEN [According to the Configuration file] Switch-off the relevant PC(s)
2.3 MAGNET INTERLOCK BOX

For magnet protection, two different types of digital protection signals are mainly used:

· Thermo switches (several in series per magnet)

· Pressure switches / Flow switches (for water cooled magnets and cables)

In both cases, they are connected via a magnet interlock box installed on top of the magnet. As will be described later, this box also contains relays used for remote testing of the integrity of the interlock connections.

2.4  THE MAIN componentS

The system is composed of 4 parts: 

· Redundant Power-Supplies 

· CPU crate containing the input modules for magnet signals
· Input crate which collect the input status from the Power Converters
· Output crate that includes remote test features and interfaces with Power Converters. 
· The Power-Supply redudancy consists of two Power-Supplies: 24Volts - 10Amp. each connected to a redundant module with status information and the 24V power is given through a diagnosis module also with status information.

· The chosen Controller (fail safe S7-315F-CPU from Siemens) offers a higher level of safety than a standard PLC, while maintaining a response time less than 1 second. The safety input modules are used for collecting the signals coming from various magnet sensors (Thermo-switches and Elettas water-flow information). The PLC own power-supply redundancy status is read via a dedicated input module. 
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     Figure 1: Simplified layout of the WIC system (the magnet interlock boxes are not shown)

· The Input crate contains safety input modules, which collect Status input signals from the Power-converters and the signals from thermo switches and flow-meters (water cooled magnets only).

· The Output crate contains remote output units used for delivering signals for remote tests and for delivering Power Permit signals. 

Note: Contrary to the input modules, the output modules are not safety modules but are standard ones. For that reason (concerning the Power Permit signals sent to Power-converters) two outputs of two different modules are connected in series.

The PLC crate is connected via a Profibus-Safe link to the Input crate, which collects statuses of each Power-converter and the related normal conducting magnets, and to the Output crate that controls the Power-converters.

2.5  Remote testing

A remote test feature is implemented for facilitating as-good-as-new testing for the interlock system. This is performed thanks to relays implanted into the magnet interlock boxes (paragraph 3.3).  These relays simulate the opening of the thermo-switches or the flow switches.

This feature is always guaranteeing the system integrity; in particular after an intervention on the magnet sensors or after a modification of the configuration file.
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 Figure 2: Principle of remote testing feature

2.6  PVSS supervision

A dedicated SCADA tool (e.g. PVSS) is provided for controlling and monitoring the WIC system.

It allows the supervision of:

· Magnet Statuses

· Power Converter Statuses

· Slave Crate Statuses

· Interlock process (history buffer for example)

· Communication statuses: Ethernet & Profibus.
It also permits:

· Remote test (relays / magnet interlock box)

· Remote Reset of Output Crate(s)

· Remote Passivation of Input modules

The PVSS supervision is available in the CCC and can also be accessed through a terminal server.

3. the WIC SYSTEM FOR building 287
3.1  287 LAYOUT
This project is more a test bench than an experiment. The EPC group wants to test different kind of power converters. In a first step they will install 6 magnets (thermoswitch + flowmeter), 2 inductances (thermoswitch) and 4 resistors (thermoswitch). Later 2 magnets more will be delivered. Each of all these interlock signals will switch off all the power converters.
The power supply will be done by 7 power converters (plus one spare) cooled by water. Each water circuit will be equipped with a flowmeter which swich off the dedicated power converter.
 (details given in Appendix#2).  

3.2  consideration FOR THE WIC INSTALLATION

As a consequence of the number of magnets and power converters to be installed, the corresponding WIC solution for 287 will consist of a single PLC, installed along with the required communication modules in a single 6U crate (the detailed structure of such a PLC crate is given in Appendix#3). The crates will be installed in a rack (detailed position to be defined) located next to the power converters racks of building 287.
3.2.1 power-supplies RedundancY

The SITOP redundant module 6EP1 961-3BA21 associated with two Sitop 10Amp. power supplies (6EP1 334-3BA00 type) from Siemens has been selected and will supply a fully redundant 24V/10A to the PLC and I/O crates

3.2.2 CONTROLLER PART
Each PLC crate includes the controller itself and also the input modules for gathering the magnets signals. The chosen CPU is a Siemens S7-315F type and the selected inputs modules are fail-safe digital input modules from Siemens.
3.2.3 Power converter side

The Power-converter statuses are connected to the Input crate. The Output crate gives the “Power-Permit” to the Power-converters. The connections between the input & output crates and the Power-converters are realised using by copper cables and patch-panels.

3.2.4 magnet side
The connections between the magnet interlock boxes installed on each magnet and the input modules are realised with standard copper cables and patch-panels. The connection is made using either a 04 or 08 pin Burndy connector.
3.2.5 Patch-panelS
A patch panel is required to collect the information coming from the magnets and a second one to control the Power-Converters. 

3.3  CABLING
Between the magnets and the patch-panels collecting the signals from the magnets there are NE04, NE08 (Cabling convention given in Appendix#4).

Between the output crate and each power converters a NE10 cable has to be installed (see Appendix#4).
4. Proposal for the PROJECT responsibilities

The involved teams/groups are the following:

· The Machine Interlock section (from TE/MPE group) named hereafter MPE/MS
· The Industrial Support section (from EN/ICE group) named hereafter ICS/PLC and ICS/SCD for PVSS supervision software.
· The Magnet team (from TE/MSC) named hereafter MSC/MNC 
· The Power Converters team named hereafter TE/EPC

The MPE group will assume the responsibilities for supervising the installation and the development of the PLC, its software and supervision applications. Still, colleagues from TE/MSC, from TE/EPC, and involved Operators will be implicated and trained in the development, commissioning and later operation of the system.

A detailed planning for the different sub-projects is proposed as follows:

· Define magnet interlock box locations => MPE/MI + MSC/MNC.
· Installation of the magnet interlocks boxes on magnets or support tables? => If on magnets by TE/MSC, if on support tables by MPE/MI. 

· Installation of the Thermo-switches on magnets and of cables to the corresponding magnet interlocks boxes => MSC/MNC.
· Installation of the Flow-switches and cables to the corresponding magnet interlocks boxes => EN/CV.
· Installation of interfaces between Interlock boxes and WIC (cables, patch panels for interlock racks) => EN/EL for cables, MPE/MI for patch panels. 
· Installation of interfaces between power converters and WIC (cables, patch panels for interlock racks) => EN/EL for cables, MPE/MI for patch panels.
· Preparation of installations for the interlock racks (PLC, Profibus links, IO-Modules) => MPE/MI.

· Preparation of the hardware configuration file => MPE/MI with the support the DM section of BE/CO.

· Software for PLCs => ICS/PLC.

· Software for WIC Supervision => ICS/SCD.

Commissioning of system => MPE/MI + MSC/MNC + TE/EPC
· Maintenance => MPE/MI + MSC/MNC * + TE/EPC**
(*) On magnet side, MPE/MS responsibility’s limit stops at the level the magnet Interlock box (box included) 

(**) On converter side, MPE/MS responsibility’s limit stops at the level the output cable to the Power Converter.

5. PROPOSED installation schedule

To be confirmed with Christophe Mutin’s planning
Appendix #1: Machine Layout
         [image: image3.jpg]i Rack TE-MPE

interlogkée





EPC’s test bench in building 287
6. Appendix #2: Magnets and Power COnverters in 287
Inputs :
	Family
	Slot name:
	Signal 1
	Signal 2
	Nb. of signal
	

	Magnet
	Magnet_1
	T°C
	Flow switch
	2
	

	Magnet
	Magnet_2
	T°C
	Flow switch
	2
	

	Magnet
	Magnet_3
	T°C
	Flow switch
	2
	

	Magnet
	Magnet_4
	T°C
	Flow switch
	2
	

	Magnet
	Magnet_5
	T°C
	Flow switch
	2
	

	Magnet
	Magnet_6
	T°C
	Flow switch
	2
	

	Magnet
	Magnet_7
	T°C
	Flow switch
	2
	

	Magnet
	Magnet_8
	T°C
	Flow switch
	2
	

	Inductance
	Inductance_1
	T°C
	-
	1
	

	Inductance
	Inductance_2
	T°C
	-
	1
	

	Resistor
	Resistor_1
	T°C
	-
	1
	

	Resistor
	Resistor_2
	T°C
	-
	1
	

	Resistor
	Resistor_3
	T°C
	-
	1
	

	Resistor
	Resistor_4
	T°C
	-
	1
	

	Resistor
	Resistor_5
	T°C
	-
	1
	

	Resistor
	Resistor_6
	T°C
	-
	1
	

	Resistor
	Resistor_7
	T°C
	-
	1
	

	Resistor
	Resistor_8
	T°C
	-
	1
	

	Resistor
	Resistor_9
	T°C
	-
	1
	

	Resistor
	Resistor_10
	T°C
	-
	1
	

	Resistor
	Resistor_11
	T°C
	-
	1
	

	Resistor
	Resistor_12
	T°C
	-
	1
	

	Water
	W1
	-
	Flow switch
	1
	

	Water
	W2
	-
	Flow switch
	1
	

	Water
	W3
	-
	Flow switch
	1
	

	Water
	W4
	-
	Flow switch
	1
	

	Water
	W5
	-
	Flow switch
	1
	

	Water
	W6
	-
	Flow switch
	1
	

	Water
	W7
	-
	Flow switch
	1
	

	Power Converter
	Converter_1
	Status
	-
	1
	

	Power Converter
	Converter_2
	Status
	-
	1
	

	Power Converter
	Converter_3
	Status
	-
	1
	

	Power Converter
	Converter_4
	Status
	-
	1
	

	Power Converter
	Converter_5
	Status
	-
	1
	

	Power Converter
	Converter_6
	Status
	-
	1
	

	Power Converter
	Converter_7
	Status
	-
	1
	

	Power Converter
	Converter_8
	Status
	-
	1
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Outputs :
	PC Off
	OFF1
	Power Cut
	-
	1

	PC Off
	OFF2
	Power Cut
	-
	1

	PC Off
	OFF3
	Power Cut
	-
	1

	PC Off
	OFF4
	Power Cut
	-
	1

	PC Off
	OFF5
	Power Cut
	-
	1

	PC Off
	      OFF6
	Power Cut
	-
	1

	PC Off
	OFF7
	Power Cut
	-
	1

	PC Off
	OFF8
	Power Cut
	-
	1


	
	Type:
	Nb. Of I/Os:
	Module type:
	Nb. of module:
	Max. ch.

	T°C + Flow sw.
	Input
	37

	24 DI
	2
	48

	PC status
	Input
	8
	24 DI
	1
	24

	P.C. OFF signal
	Output
	8
	8 DO (relay)
	6 
	24

	Remote testing
	Output
	37
	32 DO
	2
	48


7. Appendix #3: PLC STRUCTURE FOR 287 MAGNET INTERLOCK SYSTEM
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8. Appendix #4: Cabling Convention WIC/PC and WIC/Magnets

Hardware Interface – Cable ID: WIC-PC – 
A 10-wire cable (NE10) has been chosen for the interface between power-converter(s) and WIC for each electrical circuit. The type of the connector at each end of the cable is a 12 male poles BURNDY connector, type 12BPMB with the following pin assignment as described in EN-EL convention MCI13:

	Name
	PC side or WIC side
	NE 10 cable

	ST_FAILURE_WIC +
	Pin 1
	1

	ST_FAILURE_WIC -
	Pin 2
	2

	Spare
	Pin 5
	3

	Spare
	Pin 6
	4

	CMD_FABORT_WIC +
	Pin 7
	5

	CMD_FABORT_WIC -
	Pin 8
	6

	Spare
	Pin 9
	7

	Spare
	Pin 10
	8

	Spare
	Pin 11
	9

	Spare
	Pin 12
	10


Table 1: Pin assignment for WIC to power converter interface
For aborting the power converter, only the CMD_FABORT_WIC will be used for breaking the current loop (pins 7 & 8 of the connected cable). As for the power converters for S.C magnets, a signal PC_PERMIT is required by the power converters for start-up. This signal is not provide by the WIC, but the abort of the power converter is always requested via the FABORT loop. Therefore pins 11 and 12 will be short circuited at the converter side.
Hardware Interface – Cable ID: WIC-MAGNET

According to the magnets type, the number of thermo-switches or Eletta Flow switches is different. A 04 or 08-wire cable (NE04 or NE08) has been chosen for the interface between magnet(s) and the patch-panel of the I/Os crates. The type of the connector at each end of the cable is a 04 or 08 male poles Burndy connector, type 04BPMB or 08BPMB with the following pin assignment according to magnet type:
	Name
	WIC side
	NE04 cable

	ST_MAG_OVERTEMP1 +
	Pin 1
	1

	ST_MAG_OVERTEMP1 -
	Pin 2
	2

	CMD_MAG_OVERTEMP1_TEST +
	Pin 3
	3

	CMD_MAG_OVERTEMP1_TEST -
	Pin 4
	4


Table 1: Pin assignment for one channel interlock boxes

	Name
	WIC side
	NE08 cable

	ST_MAG_OVERTEMP1 +
	Pin 1
	1

	ST_MAG_OVERTEMP1 -
	Pin 2
	2

	CMD_MAG_OVERTEMP1_TEST +
	Pin 3
	3

	CMD_MAG_OVERTEMP1_TEST -
	Pin 4
	4

	ST_MAG_OVERTEMP2 +
	Pin 5
	5

	ST_MAG_OVERTEMP2 -
	Pin 6
	6

	CMD_MAG_OVERTEMP2_TEST +
	Pin 7
	7

	CMD_MAG_OVERTEMP2_TEST -
	Pin 8
	8


Table 2: Pin assignment for two channels interlock boxes
