Disturbance Recorder

Z. ESkinja, I. Miskow, M. Stipanov
Brodarski Institute
Ave. V. Holjevca 20, Zagreb, Croatia
Tel: +385 (0)1 650 43 51 Fax: +385 (0)1 650 44 odd&l: zdravko.eskinja@hrbi.hr

Abstract — Process data recorded just before a sysn
breakdown have a significant meaning in modern indstries.
These informations help to resolve system failureatise and
prevent error reoccurrence. A safety backup implemetation
into PLC system is limited due to low memory and siilar
performance issues. The paper presents a method for
compressing and recording process data using a PL&nd an
operator panel. The main advantage of this methodsiplacing
important information on a secure location: externa
nonvolatile memory card and remote station with Etkernet
connection. The system is designed and tested fanergency
stop sequence in hydro plant turbine governing sysm.

I. INTRODUCTION

In industrial production process is under comista
attention to preserve quality and avoid system Kutean.
Every transient event after unexpected emergenoy st
needs to be recorded and analyzed. The regulation i
usually placed on programmable logical controlleLCT)
where all process signals are monitored and cdedtol
(Fig. 1-1).

The work presented here describes a method fotysafe
backup in hydro plant turbine governance. The goab
save at least four minutes of process variable dath
place it on remote location that is easy to access.

Fig. 1 Motor drivers and controllers

Profibus

Fig. 2 System network

Few solutions are standard for performing simiteks in
automated recorder systems. One of them is adédition
CPU with massive database designed for real system
backup data, and second is PAC (Programmable
Automation Controller) like NI CRIO which can repta
the existing system CPUs .

Both methods are easy to develop, but expen3ileir

use require changing the technology what is naifion.
SCADA (Supervisory Control And Data Acquisition)
system usually use insufficiently low sampling tirte
collect real time process data directly.

Safety backup implementation into the PLC system is
limited due to low memory and similar performance
issues. Thereby, the disturbance recorder tasksotde
runned by the PLC. For accomplishing such taskss it
neccessary to use three componefits 9):

+ PLC,
¢ Operator panel (OPFg. 1- 2). and
» Personal computer (PC).

The application has no effects on production quadipeed
or reliability loss of process control. Connectiaiure or
panel disfunction will not stop production.

SCADA can be used with or instead operation panel i
disturbance recorder system.



[ll. DATA COMPRESSION

II. DISTURBANCE RECORDER The basic principle consists in coding a first edamby
giving the number of repetitions of a value andnthiee

The base element of disturbance recorder is the. PLC value to be repeated [3ig. 9).

The PLC has an FlashEPROM card but writing filssat
possible [1] because it is used as the main merioorthe
process program code. The solution lies in the €l dior op

user interfacerig. 1 — 2). The OP has its own Micro SD WinCc Flexible
card. The PLC and the OP are connected over pofibu
network, and the OP is connected with remote PQuttr

the ethernet network.

PROFIBUS DP (Process Field Bus Decentralized
Peripherals) is a standard for field bus commuitoaand

is used to operate sensors and actuators through a
centralized controller in production (factory) amation
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applications.
The memory amount exceeds the limits in PLC’s data PC
blocks (DB). Wanted data occupies 216kb of memanyg PL Web browser
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in the OP. When package is received, the dataittewrto
MMC, and the OP is ready for another packdgde. @)

It is obvious the transfer is the bottleneck aneespof Fig. 3 Data flow - recorded data in different envirements
disturbance recorder depends on number of packages.

Also, the disturbance recorder code in the PLC irequ

for regulation code. The reason why the memory logels “00005555555555555555555” when compressed yields
is in five DBs used as data storage and transfiéenhe “4(0)19(5)". The compression gain is:

key of improvement is in the data compression. bast

fit method for PLC is Run-Length Encoding (RLE).aM

advantages are simplicity and good results for tshor n=——""==="_" (1)
transient events [2]. Ns 23
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Fig. 4 Algorithm scheme
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Fig. 5Visual explanation of RLE

1] - efficiency coefficient,
Ns — signal data chain,
Ncs - compressed signal data chain,

that is, approximately 82.6% On the other hand, tfo

signal where there is little value repetition tesult of the

compression has negative compression gain. In thestw
case , for example 01234567 , the gain is -50%!

Actually, RLE compression is governed by particuldes
which allow compression to be carried out when ssag/
and the chain to be left as it is when compressiumses a
waste. These rules are the following:

If three or more elements are
consecutively, the RLE compression method is used
If not, a control character is inserted, followky
the number of elements of the non-compressed céuagh
then the latter
If the number of elements of the chain is ode& th
control character is added on the end
Finally, specific control characters were defiried
order to code:

- end of signal

- end of all data

RLE schemes are simple and fast, but their comjpress
efficiency depends on the type of signal data beimgpded.
A digital signal will encode very well, due to tHarge
amount of contiguous data that is all of the saalae:

An analog signal in value transition which is very
dynamical, such as turbine speed in safety stopesee,
will not encode very well. That is because the claxipy of
the signal is expressed as a large number of diffevalues
[4], and because of this complexity there will letatively
few runs of the same value.

The basic flow of RLE algorithm is illustrated fiy. 6.

IV. EXPERIMENT RESULTS

The algorithm is implemented in hydro plant turbine
government which is designed using Siemens Autamati

equipment. All process variables were simulated byodel
of Francisturbine. Graphs shown in figuresid. 7 andFig. 8
present recorded signals of transient events traghe
manually.

Recorded signals in graphs present variables used i
turbine governing system. First four are analog thedast is
digital. Variables interact and behave due to knglgsical
rules. Any system failure, process deviations amnene
system component deterioration can be noted olrggithie
signal value response on certain events [5].

- Gate opening— [0-100%)] - the wicket gate opening -
control signal

- Turbine speed — [0-100%] - speed is presented in
relation to nominal turbine speed.

- Active power — [MW] - the current produced electric
power

- Gate opening reference- [0-100%] — reference given
by some process program or manually

- Isolated operation[0%-OFF;

25%- ON] — digital signal which denotes activatufrgrid
independent operating mode

Change that comes from interconnected to isolated
operation of the electric power system causes digam
response of the turbine speed and other systenablesi
Variable overshot and oscillations should be under
predefined limits, otherwise it is an indicator @ome
component degradation and possible future systéunda
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Fig. 6 Flowchart



The signal alternation is reserved only for specifi
variables during the transient event. The other pfarecord
is in the most cases very constant so there isginspace
for RLE compression and the efficiencies are mbent70
percent [6]. The data transition works faster & #vent life
time is shorter.

V. CONCLUSION

The RLE compression makes sense to use in proce

signals logging because there exists many consecuti
repeated elements - large uniform areas.

Solving advanced tasks in automation by using low

capability system requires multi device co-opermbiand

alternative mathematical method. The application ttoé

integrated post-failure approach, here described thes
specific example of the hydro plant turbine goveenin
system, shows how several components can coopanate
contribute to completion of the transient recorsietem.
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Fig. 7 Signals response while changing the working mode
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Fig. 8 Signals response while changing the wicket gate
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