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Terms and Definitions 

	BE
	Bâtiment Electrique
	Main electrical sub-station supplying SPS

	CAS
	CERN Alarm System
	CERN wide alarm management system

	ENS
	Electrical Network Supervisor
	Dedicated SCADA system for electricity

	FIPIO
	Fieldbus protocol
	

	HVAC
	Heat, Ventilation & Air Conditioning
	

	I/O’s
	Inputs and Outputs
	

	JBUS
	Fieldbus protocol
	Derived from ModBus

	LV
	Low Voltage
	400V three phases range

	MCB
	Main Circuit Breaker
	

	MMI
	Man Machine Interface
	

	PDU
	Power Distribution Unit
	LV Switchboard

	PLC
	Programmable Logic Controller
	

	RS485
	MultiDrop electrical norm
	

	SCADA
	Supervision Control And Data Acquisition
	

	TBX
	Remote I/O’s from SCHNEIDER
	

	UPS
	Uninterruptible Power Supply
	


1. General

1.1. Document purpose

This document is the technical description of the concentrator to be installed in the Computer Centre (B513) in order to monitor the Electrical LV Distribution of the new computing room. This is part of the project of upgrade of the technical infrastructures of B513 for LHC computing.

This concentrator shall provide many services:

· Data acquisition and treatment.

· MMI for the Computer Centre Control Room operator.

· Interface to the CERN Electrical Network Supervision SCADA.

· Interface to the Computer Centre Control System.

This document describes the selected hardware architecture and the application software to be included.

1.2. Scope of the supply

The scope of the order is:

· The analysis of application software components to implement.

· The PLC application software necessary to provide all theses services.

· The application software to be implemented in the MMI platform.

· The installation of the software on the PLC platform and the MMI platform.

· The commissioning and parameterisation of the application software.

· The documentation about the software implemented in the PLC.

· Training of Electrical Network Operation operators and Computer Centre operators.

1.2.1. Analysis

The application shall be split in sections and distributed in MAST, FAST and EVENT tasks. The various tasks shall be represented in the structural and functional charts. Operator panels shall be prepared for each significant section.

1.2.2. Programming

All the software modules for the PLC will be developed under PL7 Pro Version 4 or later. Current version available at CERN is V4.2.

The software shall be based on the state of the art rules and the tools provided by this development system, in particular the configuration tools.

All information, including the documentation, shall be in English or French, and shall be available in paper and electronic form, in a format acceptable by common desktop application (Word, Excel, PowerPoint, Acrobat Reader).

To increase readability and so maintainability, symbols shall be assigned to each entity and usage of comments is encouraged. Where many pieces of the same equipment are used, in particular PDU interface, the usage of DFB (Defined Function Block) is encouraged.

The appropriate programming language, LADDER DIAGRAM, INSTRUCTION LIST, STRUCTURED TEXT or GRAFCET shall be selected depending of the section. For reasons of readability, usage of INSTRUCTION LIST shall be limited.

For reliability reasons, variable validity range and run time errors (like division by 0) must be managed in order to avoid actions based on poor quality data. System errors shall be time tagged and listed in the system event table.

1.2.3. 

1.3. Not in scope of the supply

CERN will provide all the necessary hardware including rack, PLC system, MMI platform, power supply, remote acquisition modules, local display, cabling and connectors.

1.4. Documents reference

	Titre
	From
	N° EDMS
	Date

	Distribution Electrique BT Tape Vault B513
	CERN-ANNE FUNKEN
	332958
	19/12/2001


2. Documentation

2.1. On site work regulations

Attention is drawn to the fact that CERN has specific rules concerning safety regulations applicable to works of Contractors at CERN. This concerns access to and activities on the CERN site, occupational health and safety on the Organisation's site and special health and safety matters, described in document CERN/TIS-GS/98-10.

3. Delivery and Tests


3.1. 

3.2. Provisional delivery schedule

The system will be delivered at CERN for installation in August 19th 2002 (week 34). Then preliminary SAT will be executed. Final acceptance test will require the full infrastructure available as well as the load being energised, in order to test all the configuration and load behaviour. This is scheduled for September 9th (week 37).
3.3. Packing and transport to CERN

The Contractor is responsible for the packing and, where included, the transport to CERN. He shall ensure that the equipment is delivered to CERN without damage and any possible deterioration in performance due to transport conditions.

3.4. Site Acceptance Tests (SAT)

SAT tests will be organised in two phases. First phase will take place after PDU, equipped with the remote acquisition modules in the necessary field buses, in order to check all the acquisition of external signals, the operator interface and transmission of hardware and software information. Second phase will occur when the PDU will be powered, in order to test the entire configuration.
3.5. 

4. Acceptance and guarantee

Provisional acceptance will be given by CERN only after all documentation referred to in this Technical Specification has been delivered, all tests specified have been successfully completed and all tests or other certificates have been supplied to CERN.

The guarantee period shall be two years, starting from the date of provisional acceptance.

4.1. Maintenance

The supplier shall be available to make minor corrections in cases of deviation of the delivered system compared to the technical specification. Concerning the PLC software, changes can be performed on the supplier site and sent physically or electronically to CERN for downloading to the on-site system.

4.2. Training

The supplier shall perform a training session in order to demonstrate the system operation to CERN managers and to CERN technicians/operators. This includes MMI usage, and first level diagnostics.

5. Persons technically responsible at CERN

	Name
	Tel-Fax
	Email

	BURDET Georges
	Tel: +41 22 767 77 97

Fax: +41 22 767 56 00

GSM: +41 79 201 31 48
	Georges.Burdet@cern.ch

	In case of absence:
	
	

	POULSEN Soren
	Tel: +41 22 767 25 66

Fax: +41 22 767 56 00

GSM: +41 79 201 40 83
	Soren.Poulsen@cern.ch

	FUNKEN Anne
	Tel: +41 22 767 53 90

Fax: +41 22 767 56 00

GSM: +41 79 201 39 44
	Anne.Funken@cern.ch


6. Hardware components

6.1. LV Distribution principle

Seven PDU (Power Distribution Units), based on LV switchboards, each equipped with six output feeders, will distribute the LV power to computing equipment located in the new computer room in the basement of the Computer Centre building. The UPS installed in the Computer Centre normally feed theses PDU.

6.2. Power Distribution Unit principle

Each PDU can be supplied from two sources:
a) The first input (input 1), through a MCB (Main Circuit Breaker), is supplied from the UPS system. This is the normal source in service.
b) The second input, (input 2), with a manually operated switch, is used to supply the PDU during maintenance or repair on the UPS system.

Input 1 MCB and Input 2 switch are equipped with 48VDC no-volt coil. These coils are interlocked with the Fire Detection System in order to power off the PDU and so the computing equipment in case of fire detection.

Each PDU is equipped with five or six output MCB (Output 1 to 6), used to supply racks of PC’s. Each output MCB is equipped with a 230VAC no-volt coil. This to assumes that in case of voltage loss on the bus bar, the output MCB are switched off. When the power is back, the operator has to switch on each individual output MCB, following the computers operation rules.

MCB and switches are equipped with ON and OFF auxiliary contacts. MCB can trip due to an over current protection and are equipped with a TRIP auxiliary contact.

The PDU bus bar is equipped with three current transformers, connected to a measurement module type DIRIS AP from SOCOMEC. This module measures the bus bars voltages and line currents, then computes neutral current, powers, power factor, frequency and energies.

6.3. Power Distribution Unit interface

In each PDU, digital and analogues information’s must be collected:

a) The digital information, about MCB status, is connected to I/O modules of the TBX family from SCHNEIDER. Two TBX modules, 16 bits each, are used per PDU. One is equipped with a FIPIO interface while the second is connected as an extension.

b) The analogues information’s are provided by a measurement module of type DIRIS AP from SOCOMEC, communicating as a JBUS slave on an RS485 bus. It performs measurements of voltages, line and neutral currents, powers, power factor, frequency, energies.

6.4. System Architecture

The concentrator is organised around a PLC type TSX PREMIUM from SCHNEIDER. A comparison between cabling all signals up to the concentrator, using Bus-X PLC extension crate, or using remote acquisition units connected on field buses was performed. The best compromise in term of modularity, cabling cost and price leads to select the third solution.

The PLC is connected to the Electrical Network Supervisor through a Front End, located in the electrical subs-station 23, building 214.

A communication coupler assumes a connection with the Computer Centre Control System with a TCP/IP on Ethernet connection.

The whole system implementation is presented in annexe 1; the monitoring system is presented in annexe 2.

6.5. Concentrator Architecture

The PLC, as presented in the next figure, is composed of, from left to right:

- A power supply unit, type PSY5520, with 48VDC input, and battery for backup.

- A CPU board type TSX57253 equipped with communication ports:

a) A FIPIO port interfacing the MAGELIS MMI and the remote TBX modules installed in the PDU.

b) A PCMCIA daughter board with JBUS slave port to interface to the CERN Electrical Network Supervision System, trough a CERN Front End. This Front End permanently interrogates the PLC and sends the changes of information to the central system. The PLC is seen a JBUS slave on an RS585 line

- An Ethernet coupler board type ETY510 providing connection to the Computer Centre Supervision System.

- A coupler board type SCY21601 providing a JBUS master port to interface the DIRIS measurements modules located in the PDU.

Not shown on the next figure is the MMI interface that will be used by the Computer Centre operator to monitor locally the LV Distribution system. It is based on a touch panel colour display (MAGELIS type XBTF034510). Due to the distance, the display will be connected on the FIPIO bus, instead of the CPU module directly, as usually done.
The PLC will be installed in the electrical substation 43 (basement), while the screen will be located in the Computer Centre Control Room. 
[image: image10.png]
7. Software modules

The concentrator collects the information from all the PDU, treats and organizes them to make them available for local and external supervision systems. Services including alarm list, synoptic, measurements list and system diagnostics tools are in the scope of the supply

7.1. Data Acquisition

7.1.1. Remote station addressing

The PDU have a unique name, CERN wide, respecting the Electrical Items naming convention. For readability in this document, they are referenced from A to G. Real name shall be used in synoptic and alarm texts. Each PDU is dedicated to a certain area within the Computer Centre. This area, and so the load associated, is dedicated to a certain service in term of computer usage. The load names will be used in some MMI views.

Each PDU will be equipped with a TBX module (in fact 2 modules to get 2x16 bits of information, but addressed as one), on the FIPIO bus, to collect the digital information and a DIRIS AP module, on the JBUS bus, to collect the analogues measurements.

The table 1 below defines the addresses used for the TBX and the DIRIS for each PDU and an example of load names.
	PDU Name
	Reference
	TBX Module
	DIRIS Module
	Load Name

	EOD42*43
	A
	1
	1
	Robots

	EOD43*43
	B
	2
	2
	Networks

	EOD44*43
	C
	3
	3
	Critical Equipment

	EOD45*43
	D
	4
	4
	

	EOD46*43
	E
	5
	5
	

	EOD47*43
	F
	6
	6
	

	EOD48*43
	G
	7
	7
	


Table 1: PDU names, references and addressing.

7.1.2. Digital Information

Digital information’s is collected by the means of the TBX interface modules placed within each PDU. Bit assignation, corresponding to signal cabling, is described in the next table.


Three signals about the Fire Detection System will be connected on the three last bits of the TBX included in the PDU C. They will be treated as alarms when activated.
Unused bits have a value 0.
	Bit Number
	Signal
	Explanations
	Remarks

	0
	MCB Input 1
	1=opened
	

	1
	MCB Input 1
	1=closed
	

	2
	MCB Input 1
	1=ok, 0=tripped
	

	3
	
	
	

	4
	Interrupter Input 2
	1=opened
	

	5
	Interrupter Input 2
	1=closed
	

	6
	MCB Output 1
	1=opened
	

	7
	MCB Output 1
	1=closed
	

	8
	MCB Output 1
	1=ok, 0=tripped
	

	9
	MCB Output 2
	1=ok, 0=tripped
	

	10
	MCB Output 2
	1=opened
	

	11
	MCB Output 2
	1=closed
	

	12
	MCB Output 3
	1=opened
	

	13
	MCB Output 3
	1=closed
	

	14
	MCB Output 3
	1=ok, 0=tripped
	

	15
	
	
	

	16
	MCB Output 4
	1=opened
	

	17
	MCB Output 4
	1=closed
	

	18
	MCB Output 4
	1=ok, 0=tripped
	

	19
	MCB Output 5
	1=ok, 0=tripped
	

	20
	MCB Output 5
	1=opened
	

	21
	MCB Output 5
	1=closed
	

	22
	MCB Output 6
	1=opened
	

	23
	MCB Output 6
	1=closed
	

	24
	MCB Output 6
	1=ok, 0=tripped
	

	25
	
	
	

	26
	
	
	

	27
	
	
	

	28
	
	
	

	29
	Fire Detection Area 1
	1=no fire detected
	Only in PDU C

	30
	Fire Detection Area 2
	1=no fire detected
	Only in PDU C

	31
	Fire Detection Area 3
	1=no fire detected
	Only in PDU C


Table 2: Signals connected to the TBX modules.

7.1.3. Analogues Information

Analogues signals are measured or computed by a DIRIS AP module placed in each PDU.

The table 3 below defines the JBUS communication table used to address various electrical entities. Each value is coded using two words of 16 bits each.

	Address Decimal
	Signal
	Unit

	768
	Current Phase 1
	 mA

	770
	Current Phase 2
	 mA

	772
	Current Phase 3
	 mA

	774
	Current Neutral
	 mA

	776
	Voltage U12
	V/100

	778
	Voltage U23
	V/100

	780
	Voltage U31
	V/100

	782
	Voltage Phase 1
	V/100

	784
	Voltage Phase 2
	V/100

	786
	Voltage Phase 3
	V/100

	788
	Frequency
	Hz/100


	798
	Active Power Phase 1
	kW/100

	800
	Active Power Phase 2
	kW/100

	802
	Active Power Phase 3
	kW/100

	804
	Reactive Power Phase 1
	kvar/100

	806
	Reactive Power Phase 2
	kvar/100

	808
	Reactive Power Phase 3
	kvar/100

	810
	Apparent Power Phase 1
	kVA/100

	812
	Apparent Power Phase 2
	kVA/100

	814
	Apparent Power Phase 3
	kVA/100


	838
	Maximum Current Phase 1
	mA

	840
	Maximum Current Phase 2
	mA

	842
	Maximum Current Phase 3
	mA


	854
	Hours Counter
	Hour/100

	856
	Energy Active positive
	 kWh

	858
	Energy Reactive positive
	 kvarh

	860
	Energy Apparent
	 kVAh

	862
	Energy Active negative
	 kWh

	864
	Energy Reactive negative
	 kvarh


Table 3: Communication table of the DIRIS modules

7.2. Collecting digital information

Digital information collected in the remote I/O’s through the TBX modules are placed in a table with the following organisation. There is one table per PDU.

	Element 
	Collected
	Status OFF
	Status ON
	Status TRIP

	MCB Input 1 
	YES/NO
	Set/Not Set
	Set/Not Set
	YES/NO

	Interrupter Input 2 
	YES/NO
	Set/Not Set
	Set/Not Set
	

	MCB Output 1 
	YES/NO
	Set/Not Set
	Set/Not Set
	YES/NO

	MCB Output 2 
	YES/NO
	Set/Not Set
	Set/Not Set
	YES/NO

	MCB Output 3 
	YES/NO
	Set/Not Set
	Set/Not Set
	YES/NO

	MCB Output 4 
	YES/NO
	Set/Not Set
	Set/Not Set
	YES/NO

	MCB Output 5 
	YES/NO
	Set/Not Set
	Set/Not Set
	YES/NO

	MCB Output 6 
	YES/NO
	Set/Not Set
	Set/Not Set
	YES/NO


7.3. Collecting Analogues information

Analogues information collected from the DIRIS modules installed in PDU are placed in tables respecting the following organisation and formats.

The normal range is 0/200A for phase’s currents, 0/250A for neutral current, 230V for single-phase voltage, 400V for phase-to-phase voltage. The normal range is 0/100kW, 0/100kvar and 0/200kVA for power measurements, except for Power Summary, which is in the range 0/1000kW, 0/1000kvar and 0/1500kVA. For the communication table used to interface to the ENS, scaling factors shall be used to represent theses maximum values in a 16bits signed integer.

	Signal
	
	
	
	Unit

	Current Phase
	Phase 1
	Phase 2
	Phase 3
	A

	Current Neutral
	Phase 1
	Phase 2
	Phase 3
	A

	Maximum Current Phase
	Phase 1
	Phase 2
	Phase 3
	A

	Voltage Composite
	Phase 12
	Phase 23
	Phase 31
	V

	Voltage Simple
	Phase 1
	Phase 2
	Phase 3
	V

	Active Power
	Phase 1
	Phase 2
	Phase 3
	kW

	Reactive Power
	Phase 1
	Phase 2
	Phase 3
	kvar

	Apparent Power
	Phase 1
	Phase 2
	Phase 3
	kVA


	Energy Active positive
	 kWh

	Energy Reactive positive
	 kvarh

	Energy Apparent
	 kVAh

	Energy Active negative
	 kWh

	Energy Reactive negative
	 kvarh


7.4. Measurement processing

7.4.1. Memorise min and max.

Minimum and maximum values reached by phases and neutral currents, and phase’s voltages, are memorised to help the operator diagnostic after a trip.

7.4.2. Current limits

Phases and Neutral current are compared to limits to generate warning, in order to alert the operator that should take action in order to prevent a trip. A programmable level called Phase_Current_Limit (default value 200A) is defined for any of the tree phase’s current, and a second programmable level called Neutral_Current_Limit (default value 250A) is defined for the neutral current.

7.4.3. Voltage limits

Phase’s voltages are compared to limits to generate warning, in order to alert the operator. A unique programmable level Phase_Voltage_Limit (default value 220V) is used for the tree phases

7.4.4. 

7.4.5. Power limits

Total power consumption per PDU generates warning and alarm when 80% and 90% of PDU_Power_Limit (default value 100kW) is reached.

7.4.6. Power summary

Total power consumption is computed by summarising the consumptions of the seven PDU to help keeping electrical consumption in accordance to the HVAC (air-conditioning) capabilities. Total power consumption generates warning and alarm when 80% and 90% of HVDC_Power_Limit (default value 500kW) is reached.

All theses values are listed in the tables below. Current/voltage memories and limits are per PDU, while Total Power Consumption is for the whole installation, meaning the seven PDU (A to G) distributed inside the new Computer Room.

	Signal
	
	
	
	Limit
	

	Current Phase 1
	Minimum
	Actual
	Maximum
	Phase_Current_Limit
	Over Current Alarm Level

	Current Phase 2
	Minimum
	Actual
	Maximum
	Phase_Current_Limit
	Over Current Alarm Level

	Current Phase 3
	Minimum
	Actual
	Maximum
	Phase_Current_Limit
	Over Current Alarm Level

	Current Neutral
	Minimum
	Actual
	Maximum
	Neutral_Current_Limit
	Over Current Alarm Level

	Voltage Phase 1
	Minimum
	Actual
	Maximum
	Phase_Voltage_Limit
	Low Voltage Alarm Level

	Voltage Phase 2
	Minimum
	Actual
	Maximum
	Phase_Voltage_Limit
	Low Voltage Alarm Level

	Voltage Phase 3
	Minimum
	Actual
	Maximum
	Phase_Voltage_Limit
	Low Voltage Alarm Level

	PDU Power
	Minimum
	Actual
	Maximum
	80% PDU_Power_Limit
90% PDU_Power_Limit
	PDU Power Warning Level
PDU Power Alarm Level


Summary of values memorised, limits and alarms per PDU
	Signal
	
	
	
	Limit
	

	Total Power
Consumption
	Minimum
	Actual
	Maximum
	80% HVDC_Power_Limit
90% HVDC_Power_Limit 
	Total Power Warning
Total Power Alarm


Summary of values memorised, limits and alarms for total power consumption

7.5. Alarm treatment

If the value of one phase current goes over the respective Phase_Current_Limit level, the Alarm bit in the respective PDU summary is set. When the current value is correct again, this bit is cleared.
If the value of neutral current goes over the respective Neutral_Current_Limit level, the Alarm bit in the respective PDU Summary is set. When the current value is correct again, this bit is cleared.

If one of the three phases voltage value goes below the Phase_Voltage_Limit level, the Alarm bit in the respective PDU Summary is set. When the phase value is correct again, this bit is cleared.

If the value of the PDU power goes over 80% of the PDU_Power_Limit level, the Warning bit in the respective PDU Summary is set. If the value of the PDU power goes over 90% of the PDU_Power_Limit level, the Alarm bit in the respective PDU Summary is set. When the power value is correct again, these bits are cleared.

If the Total Power Consumption value goes over 80% of the HVDC_Power_Limit Level, the Warning bit is set. If the Total Power Consumption value goes over 90% of the HVDC_Power_Limit Level, the Alarm bit is set. When the value is correct again, theses bits are cleared.

A mechanism based on hysteresis shall be implemented to avoid bouncing signals. This percentage of hysteresis shall be programmable (default value of 4%).


8. Remote MOnitoring

8.1. Connection to the Electrical Network Supervision system

The communication table to the ENS starts at address 100 decimal. It is constituted of a system information area, an array of structure for digital PDU information, and an array of structure for analogues PDU information.

The full table is presented below. Details about each structure are found in next tables.

	Address

(Decimal)
	Data: 16 bits words
	Remarks

	100
	Manufacturer/Product
	7721 hex

	101
	System Information
	0753 hex

	102
	Process Loop Counter
	Incremented

	103
	PDU A Summary
	See details A

	104
	PDU B Summary
	

	105
	PDU C Summary
	

	106
	PDU D Summary
	

	107
	PDU E Summary
	

	108
	PDU F Summary
	

	109
	PDU G Summary
	

	110
	Fire Detection Information
	See details B

	111
	Total Active Power
	kW/10

	112
	Total Reactive Power
	kvar/10

	113
	Total Apparent Power
	kVA/10

	---
	
	

	116
	PDU A Digital Information
	See details C

	120
	PDU B Digital Information
	

	124
	PDU C Digital Information
	

	128
	PDU D Digital Information
	

	132
	PDU E Digital Information
	

	136
	PDU F Digital Information
	

	140
	PDU G Digital Information
	

	---
	
	

	150
	PDU A Analogues Information
	See details D

	180
	PDU B Analogues Information
	

	210
	PDU C Analogues Information
	

	240
	PDU D Analogues Information
	

	270
	PDU E Analogues Information
	

	300
	PDU F Analogues Information
	

	330
	PDU G Analogues Information
	


The full communication table to the ENS

	Bit
	Signal
	Normal value

	0
	Supplied from UPS
	1

	1
	Supplied by second source
	0

	2
	All Output Circuit Breakers closed
	0

	3
	Trip information summary
	0

	4
	Voltages OK
	0

	5
	Currents OK
	0

	6
	Remote TBX Communication OK
	0

	7
	Remote Analogues Communication OK
	0


Details A: PDU summary

	Bit
	Signal
	Normal value

	0
	Area 1: No fire detected
	1

	1
	Area 1: Fire detected
	0

	2
	Area 2: No fire detected
	1

	3
	Area 2: Fire detected
	0

	4
	Area 3: No fire detected
	1

	5
	Area 3: Fire detected
	0

	6
	
	0

	7
	
	0


Details B: Fire Detection System status

	MSB (bit 8 to 15)
	LSB (bit 0 to 7)
	Remarks

	PDU summary
	See details C1

	Output Breaker 2
	Output Breaker 1
	See details C2

	Output Breaker 4
	Output Breaker 3
	See details C2

	Output Breaker 6
	Output Breaker 5
	See details C2


Details C: The structure for PDU digital information

	Bit
	Signal
	Value 0
	Value 1

	0
	Input Interrupter
	
	Opened

	1
	Input Interrupter
	
	Closed

	2
	
	
	

	3
	Input Circuit Breaker
	
	Opened

	4
	Input Circuit Breaker
	
	Closed

	5
	Input Circuit Breaker
	Not Tripped
	Tripped

	6
	PDU Power
	Correct
	Overload

	7
	Current Phase 1
	Correct
	Over Current

	8
	Current Phase 2
	Correct
	Over Current

	9
	Current Phase 3
	Correct
	Over Current

	10
	Current Neutral
	Correct
	Over Current

	11
	Voltage Phase 1
	Correct
	Under Voltage

	12
	Voltage Phase 2
	Correct
	Under Voltage

	13
	Voltage Phase 3
	Correct
	Under Voltage

	14
	TBX Communication
	Correct
	Comm. Lost

	15
	DIRIS Communication
	Correct
	Comm. Lost


Detail C1: The word structure for PDU digital information

	Bit
	Signal
	Value 0
	Value 1

	0
	Output Circuit Breaker
	
	Opened

	1
	Output Circuit Breaker
	
	Closed

	2
	Output Circuit Breaker
	Not Tripped
	Tripped

	3
	
	
	

	4
	
	
	

	5
	
	
	

	6
	
	
	

	7
	
	
	


Detail C2: The byte structure for output circuit breaker digital information

	Offset (decimal)
	Signal
	Unit

	0
	Current Phase 1
	A/10

	1
	Current Phase 2
	A/10

	2
	Current Phase 3
	A/10

	3
	Current Neutral
	A/10

	4
	Voltage U12
	V/10

	5
	Voltage U23
	V/10

	6
	Voltage U31
	V/10

	7
	Voltage Phase 1
	V/10

	8
	Voltage Phase 2
	V/10

	9
	Voltage Phase 3
	V/10

	10
	Frequency
	Hz/100

	11
	Active Power Phase 1
	kW/10

	12
	Active Power Phase 2
	kW/10

	13
	Active Power Phase 3
	kW/10

	14
	Reactive Power Phase 1
	kvar/10

	15
	Reactive Power Phase 2
	kvar/10

	16
	Reactive Power Phase 3
	kvar/10

	17
	Apparent Power Phase 1
	kVA/10

	18
	Apparent Power Phase 2
	kVA/10

	19
	Apparent Power Phase 3
	kVA/10

	20
	Maximum Current Phase 1
	A/10

	21
	Maximum Current Phase 2
	A/10

	22
	Maximum Current Phase 3
	A/10

	24
	Energy Active positive

On 32 bits
	 kWh

	26
	Energy Reactive positive 

On 32 bits
	 kvarh

	28
	Energy Apparent 

On 32 bits
	 kVAh


Detail D: The structure for circuit breaker analogues information

8.2. Connection to the Computing Centre Supervision system

Computer Centre Supervision system will access the communication table used for the ENS.

9. Operator Interface

9.1. Main Menu

The main page will offer link to other pages and services by the means of sensitive labels. A suggestion can be seen in figure 1. This is based on the solution implemented on the 18kV Reactive Power Regulation system installed in BE.

9.2. PLC System

A page shall present a PLC system overview, with indication about the PLC components states, including couplers, as presented in figure 2.

9.3. 

9.4. Remote modules

A page shall present the infrastructure overview, with indication about the remote digital and analogues acquisition modules states. Module problem and communication problem shall be represented. Suggestion can be found in figure 3.

9.5. General Synoptic

A page shall represent a summary of each PDU, associated with its principal measurements.

A sensitive label will represent each PDU, the colour code to be applied to this label is similar to the one used at the Electrical Network Supervisor, that defines:

· Green: correct, no warning, no alarm.

· Red: alarm present

· Yellow: warning present

· Blue: invalid information, like correct and warning and alarm at the time

· White: unavailable information, like in case of loss of transmission for remote acquisition.

Touching a label associated to a PDU will lead the operator to the detailed page about this PDU. Suggestion can be found in figure 4.

Principal actual measurements per PDU will be listed. This includes:

a) Three Phase’s and Neutral currents
b) Three phase’s voltage
c) Three phase’s Active, Reactive and Apparent power
d) Total PDU Active Power
9.6. Switchboard Synoptic

A page shall exist for each PDU (or a dynamic page that adapts to the selected PDU) to represent the actual state of the entire element monitored by the system, digital and analogues.

In this page, the colour code to be applied is similar to the one used at the Electrical Network Supervisor, that defines:

· Green: out of voltage, switched off

· Red: under voltage, switched on

· Yellow: in alarm state

· Blue: invalid information, like on and off at the same time, or neither on, neither off

· White: unavailable information, like in case of loss of transmission for remote acquisition.

Suggestion can be found in figure 5.

Principal measurements, actual and minimum/maximum reached will be listed. This includes:

a) Three Phase’s and Neutral current
b) Three phase’s voltage
c) Three phase’s apparent, active and reactive power
e) Total PDU Active Power

d) 
9.7. Power summary

A page shall present a summary of power per phase. This is valuable information, which gives a general idea of the LV distribution load to be compared with the total UPS available power.

Suggestion can be found in figure 6.

9.8. Load & Status Summary
A page shall present, per PDU, a summary of status and power load presented as a percentage of available power. Colouring will apply to PDU status depending on Circuit Breakers conditions and to power summary, with thresholds at 80% and 90%. The position will represent the geographical locations of PDU’s. A Power summary, as a percentage of total power compared to HVAC capability, will be presented also. Mostly the Computer Centre Control room Operator will use this page. The labels used in each area shall be programmable at the MAGELIS level in order to be edited when a PDU usage is changed.

Suggestion can be found in figure 7.

9.9. 


9.10. Options
Logging the three phases and neutral current per PDU, based on fast frequency over a short period could be useful to analyse the load change in case of a trip.
The DIRIS AP module, providing a sample per second, limits the measurement acquisition speed. Maximum values will be memorised by the PLC and changes propagated to the ENS, where long-term storage is achieved.
To be discussed: This option will be discussed with the client.
9.11. Commands

A page will concentrate all the possible commands issued by the operator.

· Reset of the minimum/maximum current and voltage memories per PDU and for all the PDU.

· Reset the Over Current flag for all the PDU.

· Reset Sound Alarm of the MMI.

· Adjust the Over Current phases and neutral setting value, common to all PDU.
· Adjust the Under Voltage setting value, common to three phases and all PDU.

· Adjust the Over Power setting value, common to all PDU.

· Select the load name associated to each PDU (used on the Status & Power synoptic summary).

· Adjust the HVAC Power setting value.

9.12. Suggestions of 
9.13. 
9.14. MMI Views

Theses views are just examples of presentation based on views from another applications. So most of the labels are not the correct ones.
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Figure 1: Entry Page
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Figure 2: PLC System Status
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Figure 3: Remote Interface Status
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Figure 4: PDU Summary
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Figure 5: PDU Synoptic
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Figure 6: Power Summary
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Figure 7: Status and Load Summary
10. – Annexes

10.1. Physical Implantation

Annexe 1 represents the geographical implementation of the various components of the system installed in the Computer Centre building. External system like TCR, ENS, TDS, and CAS are not represented.

Note that PDU and PLC will be located in the electrical substation ME43 of the building located in the basement, while the MMI screen, placed in the Computer Centre Control Room, is in the ground floor.

10.2. Global system view 

Annexe 2 is a full representation of the elements involved in the system.

10.3. Switchboards and measurement summary

Annexe 3 presents a possible PDU representation, with the associated measurements.

10.4. Power summary 

Annexe 4 presents a possible solution to display the power summary.
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Annexe 1: Physical implementation.
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Annexe 1a : Implementation in the building 513 basement level.
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Annexe 3: PDU Summary and Measurements.
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Annexe 4: Total Power Consumption.
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Annexe 5: PDU Synoptic.
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Annexe 2: System Overview.
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