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Abstract.

A common Magnet Safety System, the MSS, will protect the experimental magnets in the CERN LHC machine. This system will continuously read dedicated sensor values, various machine status signals and other interlocks. Detecting an problem, the MSS will shut down the machine as safely as possible, providing protection both for machine and personnel.

For this system a series of analogue signal conditioners has been developed using a common platform. They are intended for use in a chassis system developed particularly for the MSS.

This report describes these modules in detail, showing the various front-end details and the common analogue-digital platform.
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1
Introduction

1.1
Common technical data

All data are preliminary, based on accumulated experience and initial laboratory tests, and need to be fully verified with a larger series of modules on a precision test bench.

Test conditions:

Temperature:
 25 °C.

Temperature range:
+/- 5 °C.

Humidity:
-

1.1.1
Main:

Overall Number of channels per module:
2

Front-end – analogue isolation:
Yes

Maximum common mode voltage:
2 kVDC

Main voltage:
+/- 10 VDC

Main low-pass filter:
12 dB/octave (default: 10 Hz)

Voltage discriminator set point:
0 - +/- 10 VDC

Voltage discriminator precision:
0.1 % FSD

Voltage discriminator hysteresis:
3 mV

Analogue – digital isolation:
Yes

Duration discriminator set point:
0.1 – 10 seconds

Duration discriminator precision:
+/- 5 % (initial adjustment)

Duration discriminator hysteresis:
5 mV

Digital outputs/channel:
Dual Warning (to LCS+free)


Dual Alarm (to LCS+free)

Digital output type:
Opto-coupler

Digital output isolation:
5 kV

Digital output load:
10 mA / 50 VDC

1.1.2
Auxiliary:

Maximum offset adjustment:
+/- 1 V (default: +/- 10 mV)

Reference voltage precision:


Modes:
Warning/Alarm on increasing 
voltage (positive going)


Warning/Alarm on decreasing 
voltage (negative going)

Analogue outputs/channel:
Back-plane (to AOM module)


Front-panel (not isolated!)

Monitoring:
Cable traces


Power supplies


Main voltages over-range

Front-panel status:

Note! Latches and reset only concern local module status. This does not concern Warning/Alarm signals, which are latched in the HLM of the attached DCS.

Mode:
Latching, non-latching, off

Latch reset:
Front-panel (hidden) or via ACS 
monitoring system

Status:
Cable trace 1 – 2


Warning 1 – 2


Alarm 1 – 2


Over-range


Fault


Power supplies

1.1.3
Other characteristics:

Galvanic separation between power supply levels.

Integrated test connector for automatic testing of all blocks.

Common platform and module form factor for ease of fault-finding and automatic testing.

1.2
DBQD – Dual Bridge Quench Detection

Detection principle:
Bridge quench detection

Symmetrical/asymmetrical detection:
Yes

Adjustment of symmetry:
+/- 10 % (symmetrical 
configuration)

Maximum differential input voltage:
2 kVDC

Lower detection limit:
+/- 1 mVDC (symmetrical 
configuration)

1.3
DVM – Dual Voltage Measurement

Measurement principle:
Voltage measurement

Maximum differential input voltage:
2 kVDC

Lower detection limit:
+/- 0.5 mVDC

1.4
DRM – Dual Resistive Measurement

Measurement principle:
Resistance measurement

Sensor types:
PT-100, PT1000, Carbon, etc.

Current source:
10 V – 20 mA

Current source precision:
0.1 % (initial adjustment)

2.
Front-ends

2.1
Common parts of the front-ends

All the analogue modules have common components in the front-ends as well as after these. The schematics remain fairly similar, which makes it possible to use the same methodology for faultfinding, employ the same test equipment and in general use the same components everywhere, meaning lower production costs.

In principle one module could have accomplished the measurements, but this would have meant a complicated set-up of the module and no differentiation of the various tasks.

2.1.1
Isolation

The AD210BN isolation amplifier is one of the common parts. Capable of a CMV isolation of 2.5 kV RMS continuous voltage it fulfills the design demand of 2 kV isolation. It has a high precision and linearity and is an industry standard for many applications of this type.

The amplifier is a three-port amplifier, driven from the main + 15 V power U3, and also furnishes the power for the remaining front-end active components, as the differential amplifier or the temperature measurement block. The power is +/- 15 V up to a maximum of 5 mA.

The isolation part of the front-ends is shown on figure 2.1.1.1.

[image: image2.wmf]
Figure 2.1.1.1:
Common front-end components

The amplifier, here IC1200, is coupled as a non-inverting unity gain amplifier, with its positive input on pin 19, referred to the input common on pin 18.

The only offset adjustment in the analogue channel is realized by shifting the common potential of the output circuit, on pin 2, here +/- 10 mV.

Other offset voltages can be obtained by changing R1200, up to around +/- 1 V, from the formula:
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This is foreseen for the eventuality of an analogue module for sensors needing a zero shift.

2.1.2
Input connector

The connector used for the detection signals, and the accompanying cable trace signals (4.3.1), is of the type:

· FCT.  Type M. Ref: 2724821
This is a mixed high voltage connector capable of withstanding a nominal tension of 4 kVDC between the eight high-tension contacts. This connector is used for all analogue modules due to its flexibility.

The input configurations can be seen in the file “aintco.xls” in Appendix XX or on the web site:

http://cern.ch/mss/acs.htm
2.1.3
Test connector

For on-line sensor chain testing a front-panel connector has been foreseen. By connecting appropriate test equipment the channel can be forced to sense an input signal that then sets of the discriminator and thus the Warnings/Alarms of the module. If the module is in an active chain, the appropriate action can therefore be tested, typically to verify proper setting and functionality before machine start-up.

The test signals connected must have low impedance voltage outputs in order not to be disturbed by the input stage.

The connector used for this is of the type:

· W. W.  Fischer. Type D104 A 037
This is a high voltage connector capable of withstanding a nominal tension of 2.2 kVDC between the four contacts.

The contacts are connected to the input voltages of the instrumentation amplifier or the temperature signal conditioner:

· Channel 1:

pin 1-positive input
pin 2-negative input

· Channel 2:

pin 3-positive input
pin 4-negative input

2.2
DBQD - Dual Bridge Quench Detection

For detecting quenches using bridge technique the DBQD front-end is used. It is build around an input stage, a filter and an instrumentation amplifier with input protection, as shown in figure 2.2.2.1.

[image: image4.wmf]
Figure 2.2.2.1:
Bridge quench detection front-end

2.2.1
Input stage

The input stage is a traditional symmetric/asymmetric bridge detector functioning from the formula:
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where the apertures are the connections on the magnet in question.

The symmetry can be adjusted around +/- 10 % with the potentiometer P1100, accessible from the front when removing the front-panel.

The symmetry of the bridge can be adjusted by changing R1106-R1107. For example a voltage tap connection on the magnet of 1/4 – 3/4 the resistor chain must have the same ratio, giving:
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This gives the impedance of the upper part as 200 k and that of the lower as 600 k, disregarding the influence of the symmetry potentiometer.

It should be noted that the asymmetrical division strongly influences the subsequent voltage discriminator settings, due to the ratio of the sensor voltage division, which is different for positive and negative voltages.

The input resistorsR1101 to R1104 are 5 kV/3 W wire-wound types with a precision of +/- 1%. This is due to the design parameter of a differential 2 kV input voltage.

The back-to-back zener diodes limit the voltage across the symmetry resistors R1106-R1107 and across the potentiometer P1100, since these are not high tension components

2.2.2
Input filter

The input filter is realized with the capacitor C1100 and the impedances seen by it. The capacitor is a high quality auto-healing type to avoid influence on the sensor signal due to degradation. The limiting frequency will vary slightly if adjusting R1006–R1107.

2.2.3
Input protection

The input of the instrumentation amplifier is protected by several components:

· The back-to-back zener diodes D1110-D1111 preventing excess differential input voltage

· The low leakage diodes D1112 to D1115 clamping the inputs to the power supplies

· The impedances of the input stage

The zener diodes also have the function of limiting the voltage across the filter capacitor.

The protection and the impedances of the input circuit causes off-set errors, which can disturb high gain applications.

2.2.4
Instrumentation amplifier

The gain is set with the resistors R1120-R1121, but the resistors R1122-R1123 must also be included in gain calculations. These resistors are necessary to the input bias paths of the amplifier:
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The instrumentation amplifier can in principle be set with a gain of 1-1000, but a high gain will amplify the offset error present, as mentioned. The resulting offset and temperature drift can be such that they prevent reliable measurements, therefore the practical gain is limited to 100.

2.3
DVM – Dual Voltage Measurement

For measuring voltages or for measuring differential voltages the Dual Voltage Measurement front-end, DVM, is used. The circuit part is shown in figure 2.3.1.1.

[image: image8.wmf]
Figure 2.3.1.1:
Voltage measurement front-end

2.3.1
Input stage

The input stage can either pass the sensor voltage directly or divide it by a factor:
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if the tension exceeds the standard input voltage of +/- 10 V. This is done with the resistor R1105, which is not mounted for standard settings.

2.3.2
Input filter

The input filter is again realized with the capacitor C1100 and the impedances seen by it. The limiting frequency will vary if adjusting R1105.

2.3.3
Input protection

The input of the instrumentation amplifier is protected as the DBQD:

· The back-to-back zener diodes D1110-D1111 preventing excess differential input voltage

· The low leakage diodes D1112 to D1115 clamping the inputs to the power supplies

· The impedances of the input stage

2.3.4
Instrumentation amplifier

The instrumentation amplifier used is of the type AD620BR, which is an industry standard.

It has a quiescent current of maximum 1.6 mA and is therefore powered directly from the isolation amplifier.

The gain is set with the resistors R1120-R1121, but the resistors R1122-R1123 must also be included in gain calculations. These resistors are necessary to the input bias paths of the amplifier:
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2.4
DRM – Dual Resistive Measurement

Final version being developed (14/1/02).

3.
Common analogue – digital platform

3.1
Analogue outputs
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Figure 3.1.1: Analogue outputs

3.2
Low-pass filter

The main low-pass filter is a traditional 12 dB/octave filter built around group 1240. The standard frequency limit is 10 Hz, but it can be changed by adjusting R1240-R1241 from the formula:
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where R1240=R1241.

[image: image13.wmf]2

3

4

5

6

7

8


Figure 3.2.1: Low-pass filter

See also AN-31 page 18 from National Semiconductor.

3.3
Mode selection

The mode selection is a feature which makes it possible to set an alarm due to a falling (negative going) Main Voltage, as opposed to the “Normal Mode” where the alarms are set due to a rising (positive going) Main Voltage. This selection is necessary for several cases:

· Carbon Resistor temperature measurements. The temperature coefficient being 
negative, a rising temperature will result in a falling Main Voltage.

· Window measurements. In cases where the Main Voltage must be inside a window, the Warning discriminator part is configured as an Inverted Mode

Care should be taken when setting the mode, since a wrong connection can disable the Warning/Alarm signals.
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Figure 3.3.1: Mode selection

3.4
Voltage discriminator

[image: image15.wmf]
Figure 3.4.1: Voltage discriminator

3.5
Analogue – Digital isolation

[image: image16.wmf]
Figure 3.5.1

3.6
Time discriminator

[image: image17.wmf]
Figure 3.6.1: Time discriminator

3.7
Isolated outputs

[image: image18.wmf]
Figure 3.7.1: Isolated outputs

3.8
Hard-wired Fast - Dump output

[image: image19.wmf]
Figure 3.8.1: Hard-wired Fast Dump

4.
Auxiliary functions

4.1
Power supply

4.1.1
Main power supplies
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Figure 4.1.1: Power supplies

4.1.2
Reference voltage
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Figure 4.2: Reference voltage

4.3
Module monitoring

4.3.1
Cable trace

[image: image22.wmf]
Figure 4.3.1.1: Cable trace monitoring

4.3.2
Module fault

[image: image23.wmf]
Figure 4.3.2.1:
Module fault

4.2.1
Power supply

[image: image24.wmf]
Figure 4.2.1.1:
Power supply monitoring

4.2.2
Over-range

[image: image25.wmf]
Figure 4.2.2.1:
Over-range

4.3
Module status

[image: image26.wmf]
Figure 4.3.1.1:
Status indication

4.4
Module test circuits

4.4.1
On-board module block tests

[image: image27.wmf]
Figure 4.2.3.1:
On-board module tests

4.4.2
External module test

[image: image28.wmf]
Figure 4.2.4.1:
External module test
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ACS
Analogue Chassis System
Enclosure for analogue modules

LCS
Logicalal Chassis System
Enclosure for digital modules

FD
Fast Dump
Fast discharge of magnet

HLM
Hard-wired Logic Module
Module in the DCS deciding security actions 

according to its input signals

SD
Slow Dump
Slow discharge of magnet
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