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Summary

The Step Change Alarm ( Alert F) in PROTOR attempts to detect a sudden vector change in vibration level for an individual channel or harmonic.  That is, it will detect a step change in either amplitude or phase. It is important to the vibration engineer that any significant, sudden changes in vibration are detected and highlighted even when the overall vibration level is within acceptable limits.

Setup

The limits for the step change detection are defined within the PROTOR configuration and may be set using the configuration editor or more usually using the PROTOR alarm manager, Alarmset.  In the setup for this alarm the user specifies a Warning and Alarm level and a number of triggers. For this case the number of triggers is interpreted as the depth of averaging used in the step change algorithm as described below. 

Step Change Algorithm

The step change alarm algorithm operates on the data stored within the PROTOR "rollover buffer". This data is saved to this buffer at a rate of typically every 10 seconds and the buffer is sized to stored the last 1 hour of Onload data for each channel. The “number of triggers” parameter set-up in the Configuration editor determines how many samples to utilise from this buffer when performing a “past” and “present” average. If the number of triggers is set to N then the most recent N values are averaged to form the “present” level and the previous N samples are averaged to form the “past” level. 

 For example, if the number of triggers is set to 4 , then the calculations for an individual channel and harmonic becomes :











The program then forms the difference between the “past” and “present” averages and compares this difference to the Warning and Alarm differences specified in the Configuration. If the number of triggers parameter is set to 1 then the algorithm simply checks the current sample to the previous sample.

The depth of average is restricted by the size of this in-memory data store. Typically this store is sized to hold 1 hour of data for all channels at 10 second resolution. Therefore the maximum depth of average is around 180 samples or 30 minutes in time.

Prior to performing both the past and present average "wild-point" filtering is performed. For every 10 samples included in each dataset to be averaged the sample which has the largest vector difference from the overall average is removed from the average calculation. That is, if the depth of average is selected as 20 then two samples which have the largest vector difference from the overall average are removed and the average re-calculated. If the depth of average is set at less than 10 then no wild-point filtering is performed.

In reality the program stores the vibration data for each channel and harmonic as it’s separate complex ( real and imaginary ) components. When it performs the averaging it averages separately the real components and the imaginary components to give a complex average for both the “past” and “present” samples. It then performs a vector difference between the two.  

This is shown on a vector diagram as:












The vector average of the most recent N samples gives the “present” average vector (R2,I2) and for the previous N samples the “past” average vector ( R1,I1) then the Vector Difference is calculated by

                Vector Difference  =   ( ( R2 - R1)2 + ( I2 – I1) 2
Benefits

The main benfits of this algorithm may be summarised as follows.

· Large depth of average. In theory the average may now extend upto 180 samples or 30 minutes. The larger average will help reduce noise and reduce the number of spurious step alarms but will make the algorithm less responsive.

· The wild-point filtering will help remove any signal level “drop-outs” which have the effect of reducing one of the averages and hence artificially increasing the difference.

· The algorithm  works on date within the 1-hour roll-over buffer which is also the buffer which can be saved on an alarm trigger. This makes the step change detection easier to diagnose later.
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