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Objective

The present document specifies the functions to be performed by a one isolated input card, allowing to detect that the measured quantity overshoots a threshold and that the duration of this overshoot is higher than a maximum value.

Such a card consists of a "Measuring Block", isolated, and of a "Discriminating Block", for the detection of the voltage and duration overshoots. 

The card is named MD100, for " MEASURING and DISCRIMINATING card, type 100 ". 

The card also have a Control Block, allowing the on-line control of correct operation of the MD100 card, and more generally of the elements which are associated to it in the safety system (voltage taps upstream, hard-wired logic and safety command downstream).

This card is a part of the instrumentation of the new generation of superconducting Magnets Safety System (MSS).

1. Documents

1.1. APPLICABLE DOCUMENTS

1.1.1. Input documents

1.1.2. Quality documents 

1.2. REFERENCE DOCUMENTS 

2. TERMINOLOGy

AU
: Voltage Alarm

AUD
: Voltage-Duration Alarm

AUDG
: General Voltage-Duration Alarm

EMC
: Electro Magnetic Compatibility

ESC
: Effective Safety Command

DD
: Duration Discriminator

DU
: Voltage Discriminator

MCS
: Magnet Control System

MSS
: Magnet Safety System

MTBF
: Mean Time Before Failure and Mean Time Between Failures

SC
: Safety Command

TE
: Tiroir Europe (1 TE = 0,2 inch = 5,08 mm)

General Description 

2.1. PRESENTATION OF THE SUPERCONDUCTING MAGNET SAFETY SYSTEM 

2.1.1. Introduction

The superconducting magnets are coils cooled by liquid helium. Several thousands of amperes pass through these coils. They produce the magnetic fields necessary to the physics experiments.

The function of the Magnet Safety System (MSS) is to protect this magnet in case of an abnormal operation that can cause its destruction and the destruction of the installation that contains it. 

Securing the magnet consists in quickly decreasing the current in the coil in order to avoid its destruction by Joule effect.

The characteristic physical quantities of the magnet safety are supervised by the MSS. When the MSS detects an abnormal operation of the installation, it sends commands towards the devices, which will secure the installation (Breakers, power supply, etc.).

The supervised physical quantities are also logged by a fast acquisition system.

Most units of the safety system are dual redundant. This redundancy increases the reliability of the system in case of an abnormal operation of an element of the system.

The correct operation of the safety system elements can be checked periodically by means of on-line control functions, without requiring stopping the installation. 

The synoptic diagram of the magnets safety system is presented in appendices 1 and 2.

2.1.2. Capital importance of the magnet safety system

The safety system is an essential element of the installation.

In particular, a fault of the magnet safety system must in no way prevent the installation from being secured, if it must be secured.

The non-observance of this rule must be avoided because it causes the destruction of the installation. 

2.2. FUNCTIONALITIES OF MD100 CARD 

The MD100 card makes it possible to detect that a characteristic physical quantity of the magnet security overshoots a threshold and that the duration of this overshoot is higher than a maximum value.

The MD100 has an isolated analog input.

This input is connected to a sensor. The quantities used are generally voltages. The sensor then consists of two or several voltage taps.

The MD100 card can control its correct operation, and more generally that of the elements which are associated to it in the safety system. 

OPERATIONNAL REQUIREMENTS

The objective of this paragraph is to identify the constraints related to the use of the hardware to be developed.

2.2.1. Reliability

The design of the MD100 card requires the implementation of precautions in order to increase its MTBF (Mean Time Before Failure and Mean Time Between Failures).

2.2.2. Maintainability

The design of the mechanics and the connectors allows the fast replacement of a faulty card.

The adjustments and configurations of the cards are reduced to bare essentials. This makes it possible to limit the number of card versions in reserve and the adaptations to be realised before a replacement. 

2.2.3. Lifetime

It is the time during which the card can be produced and maintained under operation. 

The lifetime is 10 years at least, from the starting up of the installation. 

The end of lifetime is currently estimated to be year 2015.

The risk of parts obsolescence shall be taken into account from the very start of the design, in order to plan a possible replacement solution or the purchase of elements in reserve.

2.2.4. Marking

2.2.5. Installing

2.2.6. Mechanics

The MD100 cards are integrated into the Europe crates selected by CERN. These crates and the corresponding racks have EMC properties limiting the disturbances emitted by the safety system and its susceptibility to the disturbances produced by the other appliances.

Height


:
6U

Cards depth

:
220 mm

For the whole safety system, the width of drawers is a multiple of 5 TE (Tiroir Europe), that is to say 25,4 mm (1 TE = 0,2 inch = 5,08 mm).

The card is provided with two DIN 41612 connectors.

On the bottom 96-pin connector, CERN defines the power supply lines and several signals connected in a bus (connections between the same pins of all the connectors).

The top connector is defined during the MD100 card design.

2.2.7. Power consumption 

2.2.8. Autonomy

The MD100 card does not have its own power supply. Its energy is provided by two independent and redundant power supplies, ensuring their mutual help.

The autonomy of the system allows the installation to be secured, even if its main power supply is interrupted.

2.2.9. Personal safety

All the conducting elements reachable by the users are connected to the earth. 

2.2.10. Reliability

No intervention of an operator during the operation of the installation can prevent it from being secured, if it must be.

In particular :

· The front panel control outputs and all the unused connectors are protected against a prolonged short-circuit and against the electrostatic discharges.

· The interruption of a useful connection causes the installation to be secured.

· The removal of a card causes the installation to be secured.

2.2.11. Management of the faults

1 - A fault of the magnet safety system must in no way prevent the installation from being secured, if it must be secured.

The non-observance of this rule must be avoided because it causes the destruction of the installation. 

2 - A fault of the protection system can cause the installation to be secured.

This possibility must be limited because it causes the stop of the installation, but not its destruction. 

3 - A fault of a subset of the protection system, if it can be identified by the system and if it does not disturb its operation, is able not to secure the installation.

In this case, the operator is informed by an alarm indicating the nature of the fault and decides to carry on the operating of the installation or to stop it.

4 - The MD100 card forms part of the safety system. The architecture of the safety system and the redundancy of its elements guarantee that a fault of one of its MD100 card does not prevent the installation from being secured, if it must be.

2.2.12. Environment

Environment constraints to be taken into account : 

· temperature (operating / storage),

· humidity,

· vibration,

· EMC,

· isolation,

· radiation,

· magnetic field.

PrEliminary functional SpEcifications

2.3. Measuring Block

2.3.1. Description

Each MD100 card contains a Measuring Block.

This block performs the interface with the voltage taps. It provides an analog voltage proportional to the quantity to be measured. This voltage is used by the Discriminating Block of the MD100 card and is available on the back plane connector, for the MSS and MCS acquisitions systems

A Measuring Block can be configured in the two following modes :

· bridge voltage,

· differential voltage.

In the case of the superconducting magnets, the bridge voltage is used for the quench detection of a coil.

This one has one or many intermediate voltage taps. The quench detection is performed by a bridge. The coil, with three of its voltage taps, constitutes one half of the bridge. The second half is designed in the Measuring Block.

[image: image3.wmf]
Figure 1 : Bridge voltage measurement

The differential voltage can be the terminal voltage of a coil, a current lead, a superconducting line or a junction.

[image: image4.png]
Figure 2 : Differential Measurement

2.3.2. Contractual performance requirements

Each input circuit must be able to withstand an isolation voltage of 2000 V with respect to the output circuit reference (electrical 0V) and with respect to the mechanic. The input circuits of a same measurement chain must also be able to withstand an isolation voltage of 2000 V between one another.

The output circuit reference does not need such an isolation with respect to the mechanic.

2.3.3. Other performance requirements

The voltage range of the input circuit allows the use of a 10mV to 2V threshold, depending whether the coil conductor is respectively not reinforced or reinforced.

2.3.4. Subsets decomposition

The Measuring Block contains the following elements :

· resistive input stage,

· input protection,

· input passive filter,

· instrumentation amplifier,

· isolation amplifier,

· isolated power supply,

· active filters ,

· output buffers.

The Measuring Block is connected to : 

· the voltage taps, through a 120 m long shielded cable (maximum length),

· the Discriminating Block,

· the MSS acquisition system,

· the MCS acquisition system,

· the front panel (control output and indicators),

· the power supply of the MD100 card, coming from the chassis, through the back plane.

Discriminating Block

2.3.5. Description

Each MD100 card contains a Discriminating Block.

This block provides an alarm signal when both the Measuring Block output voltage overshoot a threshold and the duration of this overshoot is higher than a maximum value. The voltage and duration voltages are the characteristic parameters of this Discriminating Block.

The Discriminating Block contains two independent voltage thresholds. Each voltage threshold is associated with a duration threshold.

2.3.6. Contractual performance requirements

An AUD alarm (Voltage-Duration Alarm) is generated when both the level of the output voltage of the Measuring Block overshoot a threshold and the duration of this overshoot is higher than a maximum value. 

The AUD1 and AUD2 alarms apply to two independent voltage and duration thresholds sets.

The AUDG alarm (General Voltage-Duration Alarm) is activated if alarm AUD1 or alarm AUD2 is activated.

The maximum voltage and duration thresholds are determined by configuration, by means of fixed value components. 

The voltage thresholds can be settled from 10 mV to 2 V.

The duration thresholds can be settled from 0 s to 5 s.

2.3.7. Other performance requirements

2.3.8. Subsets decomposition

The Discriminating Block contains the following elements :

· two voltage discriminators (comparators),

· two duration discriminators,

· output buffers,

· faults storage and faults indicator devices.

The Discriminating Block is connected to : 

· the Measuring Block,

· the Control Block,

· the hard-wired logic, through the back plane,

· the safety command,

· the MSS Control card (see next §), through the back plane,

· the power supply of the MD100 card, coming from the chassis, through the back plane.

Control Block

2.3.9. Description

Each MD100 card contains a Control Block.

This block performs the on-line control of correct operation of the MD100 card, and more generally of the elements that are associated to it in the safety system (voltage taps upstream, hard-wired logic and safety command downstream).

Most of the time, the Control Block is disabled. It can be enabled periodically or only upon request, when the physical experiment stops. It is enabled by means of a control card, named "MSS Control Card".

The connection between the MSS Control card and the MD100 card Control Block is a serial link named "MSS Control Bus".

Both redundant chains of the MSS possess one MSS Control card. The two MSS Control cards communicate to one another in order to control each other.

Enabling the Control Block causes the generation of one or more stimuli (control voltages) at the Measuring Block input. These stimuli have characteristics close to the conditions of the alarm generation by the Discriminating Block.

The response of the Discriminating Block to these stimuli, and that of the safety system, are analysed by the MSS Control card.

If the MSS Control card detects the abnormal operation of a safety system device, the operator is informed by an alarm indicating the type of the failure. According to safety rules, the operator decides whether he stops the installation or not.

2.3.10. Contractual performance requirements

The Control Block must not in any case disturb the principal function of the card, which is the protection of the installation. 

The Control Block must not in any case disturb the proceeding of the installation.

2.3.11. Other performance requirements

The control voltage output stage must be able to withstand an isolation voltage of 2000 V, 

according to the same criteria as the Measuring Block input stage. 

2.3.12. Subsets decomposition

The Control Block contains the following elements :

· power supply of the control voltage generator,

· control voltage generator,

· output stage of the control voltage,

· protection of the control voltage output stage,

· control voltage command.

The Control Block is connected to : 

· the voltage taps,

· the Discriminating Block,

· the MSS Control card, through the back plane,

· the safety command,

· the power supply of the MD100 card, coming from the chassis, through the back plane.

Detailed functional Specifications

2.4. Resistive input stage

The resistive input stage makes the measured differential voltages compatible with the input range of the Measuring Block components. 

This resistive input stage can be configured for the direct measurement of a differential mode voltage, or for the measurement of the bridge voltage.

In this last case, three voltage taps constitute one half of the bridge. The resistive input stage performs the second half of the bridge.

It must withstand a differential voltage of 1200 V DC with no damage and dissipate the power it receives when an installation fault occurs.

2.5. Input protection

At the very moment when the installation is being secured, the Measuring Block input can be exposed to some 2000V DC common mode and differential mode voltage.

These high voltages are attenuated in order to respect the maximum voltages acceptable by the elements of the MD100 card.

This input is protected against the electromagnetic interference.

2.6. Input passive filter

This low-pass filter attenuates the interference conducted by the measurement cable.

It is located downstream from the input circuit protection, in order to benefit from its action on voltage withstanding and power dissipation.

It is placed upstream from active circuits in order to reduce the risks of saturation.

2.7. Instrumentation Amplifier 

The instrumentation amplifier achieves the common mode rejection of the input signal.

The amplifier gain is settled by configuration.

2.8. Isolation Amplifier 

This unity gain amplifier performs the galvanic isolation between the voltage taps and the safety system.

2.9. Isolated power supply

The isolated power supply transmits the energy to the active components located on the side of the isolation barrier connected to the voltage taps.

It can be made by the isolated power supply integrated in the isolation amplifier, if this one is sufficient

2.10. First active filter

This low-pass filter settles the cut-off frequency of the analog signals at the output of the MD100 card (outputs towards the front panel, the MSS acquisition and the MCS acquisition).

Its cut-off frequency can be settled from 500 Hz to 50 kHz.

2.11. Second active filter

This low-pass filter is located downstream from the precedent. It attenuates the low frequencies, not filtered by the first active filter, towards the Discriminating Block.

It can be used to attenuate the 50 Hz voltages.

Its cut-off frequency can be settled from 15 Hz to 500 Hz.

2.12. Measuring Bloc output buffers 

Each analog output of the Measuring Block towards the outside of the MD100 card is provided with an individual buffer, in order to prevent that an abnormal operation of a recipient input disturbs an other one (outputs towards the front panel, the MSS acquisition and the MCS acquisition).

These buffers are protected against a short-circuit during an unlimited period. 

The buffer towards the MCS acquisition is galvanically isolated from the MD100 power supply.

2.13. Voltage Discriminator

The input voltage of the Discriminating Block is compared with two thresholds, by means of 2 Voltage Discriminators, DU1 and DU2. 

The AU alarms (Voltage Alarm) are generated when the voltage overshoots a threshold.

· AU1 for the overshoot of threshold no. 1,

· AU2 for the overshoot of threshold no. 2.

In the case of the direct measurement of a differential mode voltage, the DU1 and DU2 discriminators can be settled with two thresholds of the same sign and with different values, corresponding with two levels of fault.

In the case of the measurement of a bridge voltage, the DU1 and DU2 discriminators can be settled with two thresholds of the opposite sign and with absolute values identical or not, corresponding with symmetrical or non symmetrical faults.

The sign and the value of the thresholds are set by configuration, by means of solder bridges and fixed value components.

The voltage thresholds can be settled from 10 mV to 2 V.

Duration Discriminator

The duration of each alarm AU1 and AU2 is compared with a threshold, by means of 2 Duration Discriminators, DD1 and DD2. 

AUD Alarms (Alarm Voltage-Duration) are generated when the duration of the overshoot is higher than a maximum value. 

· AUD1 for the overshoot of threshold no. 1,

· AUD2 for the overshoot of threshold no. 2,

· AUDG for the overshoot of threshold no. 1 or threshold no. 2.

The maximum duration of overshoot is set by configuration, by means of fixed value components.  

This duration can be settled from 0 s to 5 s.



Figure 3 : Voltage and duration thresholds

2.14. Discriminating Block output buffers

Each output of the Discriminating Block is provided with an individual buffer, in order to prevent that an abnormal operation of a recipient input disturbs another one. 

The buffers towards the outside of the MD100 card are galvanically isolated and protected against a short-circuit during an unlimited period

The active state of the outputs (presence of an alarm) corresponds to the disappearing of the Discriminating Block output current.

Storing and displaying the faults

Any fault requiring to secure the installation is stored in the MD100 card that detected it ("M0" memory), and in a display card ("M2" memory).

The display card also stores the first detected fault, which caused the installation to be secured ("M1" memory).

The M0 memory of a MD100 card has an element for each voltage threshold, as well as a general element, gathering the individual ones. This general element makes it possible to display a fault detected by the card, even in the case of a failure of the corresponding indicator.

The stored and current faults are displayed by indicators on the front panel of the MD100 card and on that of the display card. 

The stored and current general faults are also displayed on the MD100 card front panel. 

The MD100 card receives a fault acknowledge signal, which resets the memories. The sender circuit of this signal can activate it only if all the faults disappeared and if information of the MSS acquisition were transferred for possible processing and archival storage. 

The MD100 card faults storage and display are used only during the settling, the installation and the servicing of the safety system. In particular, the faults stored and displayed on the MD100 cards are not transmitted towards an information system. Moreover, the normal exploitation of the installation and its safety command do not require the presence or the intervention of an operator close to the MD100 cards front panel. 

The MSS Control Card sends an indicators test signal towards the MD100 card.

The indicators test does not modify any state of the internal logic of the cards, except that of the components which directly control the indicators. After the indicators test, the MD100 card is put back in its initial state.

2.15. Control voltage generator power supply

The control voltage is generated on the side of the isolation barrier where the voltage taps are located.

The control voltage generator cannot be supplied during an unlimited duration, even if the signal coming from the MSS Control card is active permanently.

The power supply can result from the same source as that of the Measuring Block.

Control voltage output stage

The control voltage can be superimposed on the differential mode voltage or on the voltage of each branch of the external half-bridge, according to the Measuring Block configuration.

This choice forms part of the configuration of card MD100.

The control voltage is applied with a polarity identical to that of the voltage generated by a fault requiring the installation to be secured.



Figure 4 : Principle of the control voltage output stage

Each switch consists of a MOSFET transistor. 

2.16. Protection of the control voltage output

The control voltage output stage is protected from the same disturbances as the Measuring Block input.

2.17. Command of the control voltage 

The control voltage is activated by a signal coming from the MSS Control card. 

The control voltage cannot be activated during an unlimited time, even if the signal coming from the MSS Control card is active permanently. 

The control can cause the generation of an AU (Voltage Alarm) or AUD (Voltage-Duration Alarm) alarm, but this alarm is short enough or is treated in order not to secure the installation. 

The control voltage can be reseted by one of the following conditions :

1a - AU1 Alarm,

1b - AU2 Alarm,

2a - AUD1 Alarm,

2b - AUD2 Alarm,

2c - AUDG Alarm,

3   - Safety Command (SC),

4   - Overshoot of the maximum duration of the control voltage application.

The condition of reset is selected among the first 6 above conditions, by a command from the MSS Control card. 

Condition 4 (maximum duration) avoids the application of the control voltage during an unlimited time, if the normal reset condition does not occur.

The signal that causes the occurrence of condition 4 is created on each MD100 card, independently of the circuits that generate alarm AUD. 

The maximum duration is higher than the duration threshold of AUD. 

Conditions 1 and 2 :

The occurrence of conditions 1 and 2 is detected on the MD100 card itself, at the Discriminating Block output. 

Condition 3 :

The "Safety Command" (SC), if it is activated by the on-line control, does not actually secure the installation. For that, a passive filter eliminates the short commands resulting from the control.

On the other hand, the other commands can pass through this filter, towards the "Effective Safety Command" (ESC).

The occurrence of a Safety Command (SC) causes the activation of a signal, galvanically isolated, towards the MSS Control card.

This signal, forwarded to the Control Block of each MD100 card, through the MSS Control Bus, perform the condition 3 for the control voltage reset. 

In any case, the control voltage is reseted soon enough to avoid the occurrence of an Effective Safety Command (ESC). 

For that, the following durations, inter alia, shall be taken into account :

· response time between the detection of the alarm or the command and the control voltage reset,

· propagation delay of the simulated fault reset in the direct chain,

· propagation delay of the command in the end filter.

The 3 following figures present the characteristic signals of the on-line control corresponding to conditions 1 to 3 and when the system functions correctly. 

Condition 4 corresponds to an incorrect operation where the awaited condition does not occur. 







































Figure 5 : Condition 1 - Voltage threshold control (Alarm AU)







































Figure 6 : Condition 2 - Duration threshold Control (Alarm AUD)







































Figure 7 : Condition 3 - Safety Command control

Detection of the interruption of a voltage taps wire

During a control, the measured voltage UMEAS is a weighted average of the voltages V1 (or V2) and UCONT (control voltage).

The weighting coefficients depend on the values of the resistors used for protection, measurement and control (see definition in §6.15).

For example, if the voltage V1 is null, if the control and protection resistances have a same value and if this value is low compared to that of the bridge, then the voltage UMES is close to one half of the control voltage UCONT. 

In case of interruption of a connection from the magnet, the control current does not get through the coil any more, via the protection resistor.

The voltage UMEAS is then close to the control voltage UCONT, that is to say approximately the double of what it should be. 

During the control of the voltage threshold, the alarm AU occurs for a control voltage twice lower than usually. On-line control thus makes it possible to detect a cut of connection from the voltage taps.

This case is presented in the following figure.






































Figure 8 : Voltage threshold control with an interruption of a voltage taps wire

INTERFACE specification

TO BE COMPLETED

2.18. INTERFACE 1

2.18.1. Function of the interface

2.18.2. Signals

2.18.3. Pin connections

Appendix 1
 - 
MSS synoptic diagram 




































Figure 9 : MSS synoptic diagram

Appendix 2
 - 
MSS detailed synoptic diagram










































Figure 10 : MSS detailed synoptic diagram

Appendix 3
 - 
MD100 card synoptic diagram























Figure 11 : MD100 card synoptic diagram

Appendix 4
 - 
Measuring Block synoptic diagram





















Figure 12 : Measuring Block synoptic diagram

Appendix 5
 - 
Discriminating block synoptic diagram























Figure 13 : Discriminating Block synoptic diagram

Appendix 6
 - 
Control block synoptic diagram

















Figure 14 : Control Block synoptic diagram
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