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Task 3 Individual questions – model answers

Answer as many of the following questions as you can.

You have 30 minutes to complete this task.
1. Which failed first, the backup SRI or the active SRI? (1)

Backup SRI.

2. The cause of the accident could have been a lightning strike. True or false? (1)

False.

3. Which nozzles swivelled into the extreme position first, those on the engine or those on the boosters? (1)

Boosters.

4. What triggered the self-destruction of the launcher? (2)

Rupture of the links between the solid boosters and the core stage.

5. Why was the active SRI of particular interest? (2)

Because it contained information that was not available in the telemetry data which stopped being transmitted to the ground when the backup SRI failed.

6. What does the SRI measure? (2)

The attitude of the launcher and its movements in space.

7. Why is the Inertial Reference System called an SRI and not an IRS? (1)

Because SRI stands for Système de Référence Inertielle, which is French for Inertial Reference System.

8. What is the function of the “strap-down inertial platform, with laser gyros and accelerometers”? (2)

To provide information to the SRI on the attitude and movements of the launcher which are then used to calculate angles and velocities.

9. Why are there two SRIs? (2)

So that if one fails due to random error, the other can take over and operate in its place – provided, of course, that the backup SRI is still operating. This provides redundancy by duplicating a critical hardware component.

10. What’s the difference between the two SRIs? (2)

Nothing (or that one is active and the other is in “hot” stand-by) – subtract 1/2 if only say that the backup is “in stand-by” which suggests that it is not actually operating until needed.

11. What controls the nozzles of the solid boosters and the Vulcain engine? (1)

The onboard computer (OBC).

12. What caused the nozzles to swivel into the extreme position? (2)

A command from the OBC, issued on the basis of data transmitted to it by the active SRI. However, this data was not, in fact, proper flight data, but a diagnostic bit pattern of the SRI 2 computer which was mis-interpreted as being flight data.

13. When SRI 2 failed why couldn’t the OCB switch to SRI 1? (2)

Because SRI 1 had failed during the previous clock cycle (which had a 72ms period); or because the backup SRI (SRI 1) had already failed/cease to function.

14. What caused the SRI software exception? (2)

An attempt to store a 64-bit floating point value in a 16-bit signed integer variable which was too large to be stored in the variable. The large 64-bit floating point value was an internal alignment function result called BH, horizontal bias, related to the horizontal velocity sensed by the strap-down inertial platform.

15. Did the software module in which the exception occurred have to be running at the time of the failure? (2)

No.

16. Why did this software exception never occur on Ariane 4? (2)

Because the horizontal velocity of Ariane 4 during the period that the SRI was operational never reached a value that was too large to be stored in a signed 16-bit integer.

17. Why were some of the variables that could give rise to exceptions left unprotected? (2)

Because a maximum workload target of 80% had been set for the SRI computer and because further reasoning indicated that the variables that were left unprotected were either physically limited or that there was a large margin of safety.

18. The board concluded that it was a good idea for the SRI processor to be shut down in the event of a software exception. True or False? (1)

False.

19. Why could the SRI processor not be restarted after it had been shut down? (1)

Because attitude is too difficult to re-calculate after a processor shutdown. Normal alignment takes 45 minutes and is totally disrupted when performed during flight.

20. Why was the alignment software kept running after take-off? Was this necessary on Ariane 5? (3)

The alignment software used on Ariane 5 had been designed for use on Ariane 4. The alignment software had been kept running on Ariane 4 in order to cope with a hold in the count-down occurring between -9 seconds, when flight mode starts in the SRI of Ariane 4, and -5 seconds, when certain events are initiated that take hours to reset. The specific period of 50 seconds chosen for the continuation of the alignment operation was selected because of the time required by the ground equipment to resume full control of the launcher after a hold. This feature meant that the count-down could be restarted after a hold without re-alignment having to take place (which takes at least 45 minutes). This feature was not required on Ariane 5  which had a different preparation sequence.

21. Which is better: to assume that software is working correctly until it is shown to be at fault or to assume that software is faulty until it is shown to be correct? (2)

The latter.
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