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Abstract 

The original computerised system for Monitoring the vibration 
or gaga In each reactor channel of the Hinkley Point 'B" AGB 
Power Station did not aeet the specification for a More 
stringent safety requirement. This paper describes the 
replacement of that original single processor system with an 
enhanced dual processor/multiple scanner computer system used 
to satisfy this new saTety and reliability need. The 
specification and installation of the new hardware and 
software are discussed, and some of the problems encountered 
and their solutions are highlighted. 

1. INTRODUCTION 

Hinkley Point B Power Station is one of the first generation 
Advanced Gas-cooled Reactors (»GK) built by the Central Electricity 
Generating Board (CEGB). It has two reactors <R3 and R<0 each 
connected to a 660KW turbo-alternator. The carbon dioxide coolant gas 
flow through the 308 Individual fuel channels in each reactor Is 
controlled by the opening and closing or a "gag" unit. This gag unit 
puts a restriction on the flow of gas passing up the channel and so 
controls the channel gas outlet temperature. During pre-commissioning 
trials In 1975 at Hinkley Point it became evident that under certain 
conditions the rods supporting the gag units could fracture and so 
restrict channel gas flow. The cause of the fracture was determined to 
be excessive vibration of the gag, induced by the coolant gas flow 
passing it. 

In order to overcome the problem, all fuel stringers were removed 
from the reactor and the sags modified. However It was Important to 
continue to Maintain a close surveillance thereafter In order to 
demonstrate high Integrity during the life of the gag units. 

Monitoring of gag vibration was implemented by a single 
computer/scanner system for some 6 years, but due to a requirement for 
improved reliability and availability, the Initial system has been 
replaced by a dual computer/multI scanner system. This paper considers 
the background to the original system, Its subsequent replacement, and 
discusses some of the problems encountered and their solutions. 

2. INITIAL SYSTEMS 

2.1 INITIAL MONITORING SYSTEM. 

When the redesigned gags were reloaded with their fuel stringers 
into the reactor, It was decided to fit each stand pipe with an 
accelerometer so that any vibration could be Monitored. The ?08 
accelerometer signals from each reactor were fed to Individual charge 
amplifiers and were then Monitored audibly on a regular basis by an 
engineer. Whilst this system did work It suffered several major 
drawbacks. The decision as to whether a gag was clashing was purely 
subjective and relied on the discretion of the engineer. Also, to 
monitor all 616 channels took a long time and could only practicably be 
carried out weekly. Meanwhile, Berkeley Nuclear Laboratories (BNL), a 
CEGB research division, were Investigating better ways of deciding if a 
gag was vibrating, and eventually arrived at a method of sampling the 
amplitude of the vibration readings from each channel. 

To decide if a gag Is vibrating abnormally, all 306 aignala from 
each reactor are scanned sequentially, each channel being scanned at a 
frequency of *KHz Tor a set number of scans. For each channel, the 
amplitude data from thaae scans is collated into a 1021 element 
histogram. A statistical analysis is then performed to find the number 
of scanned readings that fall outside four times the standard deviation 
of thd histogram. When this number exceeds a predefined limit, it Is 
assumed that the gag could be vibrating abnormally. 

2.2 INITIAL COMPUTER MONITORING SYSTEM. 

Having found a mathematical way of detecting gag vibration, It was 
decided to Install a computer based Gag Vibration Monitoring (CVM) 
system. This was provided by an outside contractor, snd consisted of a 
single processor with two scanners, visual display unit (VDU) and 
printers, and was eventually accepted In 1977. The software was 
written in SWEPSPEED, a real time, multi-tasking language developed by 
the CEGB for on-line computer systems. 

The system sequentially scanned the channels of both reactors, 
each channel being sampled at MKHz for approximately 50 seconds and an 
amplitude data array produced. Analysis of the data determined the 



number or data samples outside t standard deviations and If this count 
exceeded 100 the gag was assumed to be vibrating abnormally. Channels 
found to be in alarm were more closely monitored by scanning every ?0 
minutes. This system took over 5 hours to complete the scanning of a 
reactor. 
2.3 INITIAL SYSTEM UPDATE. 

Following further research, It was decided that the time taken 
from initial gag vibration to actual mechanical damage occurring was 
less than originally thought and it was therefore required to shorten 
the time taken for a complete reactor scan. To overcome thia problem, 
the original hardware was retained, but a complete rewrite of the 
SUEPSPEED software was carried out. The sampling time was cut from SO 
to approximately 23 seconds and a reactor scan then took less than two 
and a half hours. To allow for the smaller data sample, the criterion 
for detecting vibration was reduced from 100 to 80 counts outside 1 
standard deviations. The opportunity was also taken to reposition the 
VDU and printers to improve the system for the operators. 

?. BASIS FOB REPLACEMENT SYSTEM 

3.1 HEW SAFETY CASE. 

If a gag unit were to fail, the severe vibration causing the gag 
failure would undoubtedly also cause the failure of the two channel gas 
outlet thermocouples for that channel. The double thermocouple failure 
was accepted as the safety case for detecting failed gags. The 
computer system was used as a mean." of investigating the vibration 
characteristics of the gags. At the time the performance and 
reliability of the system was not thought adequate for use In the 
safety arguement. 

It was recognised that a double thermocouple failure could occur 
from causes other than severe gag vibration. In practice a number of 
such dual failures did occur, and it became desirable to revise the 
safety case. Improvements In the reliability and performance of the 
existing computer monitoring system had been made since early start-up 
and It was consequently possible to make a new safety case based upon a 
gag vibration monitoring system being the primary means of detecting 
gag failure. 

3.2 HEM HARDWARE SYSTEM. 

The new safety case only allowed a six hour break In gag vibration 
monitoring before a reactor shutdown was necessary. The existing 
system only had one computer and single scanners monitoring both 
reactors, with no backup systems. Therefore an upgrade of the system 
was required to provide a better availability if rorced reactor outages 
were to be avoided. Problems had also been experienced with the 
scanners and charge amplifiers sited In the cable flats adjacent to the 
Reactors. In this location they were subject to very high temperatures 

that at times caused hardware faults. There was also H requirement, 
because of fire risk, to remove all electronic equipment from cable 
flats. 

A new computer system was proposed consisting of dual processors 
and dual scanners, but using the existing aocelerometers and char?* 
amplifiers. The cables from the pile cap to the cable flats would be 
extended to reach the new system, to be Installed in an air conditioned 
room on the same level. The charge amplifiers would be moved into 
adjacent cabinets in this room and thus overcome the problems caused by 
temperature. 

A proposal was made In a plant modification and was accepted, 
following which a contract for the bulk of the hardware was awarded to 
an outside manufacturer. An independent design assessment of both the 
hardware and software was carried out by Generation Development and 
Construction Division of the CEC8. 

3.3 USE OF CUTLASS SOFTWARE. 

To complement the new hardware being Installed, new software would 
be needed. The CEGB had developed a new national standard software 
language for on-line applications, CUTLASS, and this was to be the 
first use of this language at a nuclear site. 

3.1* PROJECT TIME SCALE. 

The time scale set for the project was that the Reactor * system 
should be changed from the old to the new system during the biennial 
outage In early 198?. The contract waa placed in mid 1962 and the 
hardware arrived on sit* at the end on December 1982, The final system 
was commissioned on RM ready for the reactor returning to load in mid 
May 1983. The Reactor 3 system la being changed during 198k. 

». HARDWARE SPECIFICATION 

1.1 GENERAL 
Fig. 1 shows schematically the arrangement of the original 

scheme. The accelarometer signals for each reactor were fed via charge 
amplifiers to Individual scanner systems, located In the cable flats 
adjacent to the reactors. Data was then tranaferred along separate 
dual 22 way highways to a common processor two floors below. A 
graphics display terminal was used to provide histogram plots for an 
individual channel on request and two printers provided a hard copy of 
the alarms raised with statistical data. These peripherals were In the 
Station Computer room adjacent to the central control room (CCA). The 
Gag Vibration alarms were tsken Into the Station Computer system and 
displayed to the operator with the other Station alarms. 

In the proposed system all the equipment, with the exception of 
the CCR printers, waa to be located In • room adjacent to the cable 



flats, a dual scanning arrangement was proposed, ulth each Reactor 
having identical systems. Separate processors for each Reactor were 
to be provided ulth Identical peripheral devices. The design had 
enough redundancy to meet the higher level of availability required 
and to aeet a aean time to repair of less than 6 hours. Alarms were 
still handled by the Station Computer. 

1.2 HARDWARE FEATURES SPECIFIED 

The essential hardware features specified for each of the two 
systems uere:-

1.2.1 Computer Peripherals 

a) One monochrome graphics display terminal ulth keyboard 

b) One system load facility 

c) One panel mounting printer for use in CCR 

The scanning system was required to monitor 610 analogue inputs 
comprising two separate systems each of 320 inputs. Each channel 
was to be sampled for a period of tine (approximately 23 sees) 
whilst it is scanned at IKHz to provide data for online analysis. 
A switchable input low pass filter of 1, 2 and IKHz was specified 
for use on all inputs. The IKHz filter is currently used. 

A minimum of 8 digital output signals was required. 

1.2.2 Control Computers 

a) One 16 bit central processor 

b) Memory - 128K words 

c) Battery backup for entire memory - 10 minutes 

d) Programmable Clock 

e) Watchdog Facility 

1.2.3 Cabling 

The contract included all the cabling within the equipment 
cubicles except the inputs from the charge amplifiers. 

The anti-microphonic radio frequency cable required to extend the 
existing accelerometer cables t~. the relocated charge amplifiers 
was subject to a separate •supply only' contract. The miniature 
coaxial cable was required to have a characteristic impedance of 
50 ohms, an overall diameter of approximately 2mm and a nominal 
capacitance of approximately lOQpF per metre. 

5. DESCRIPTION OF HARDWARE 

Fig. 2 is a simplified diagram to show the basic flow of data In 
the system. The output from the accelerometers Is taken to individual 
charge amplifiers whose output is in the range *5 to -5V. A new 
channel Is selected by each of the scanning systems approximatly every 
30 seconds and then that channel scanned at IKHz for 23 seconds by the 
ADC card. Computer interfaces are provided to drive local and remote 
printers, graphics display terminals, the Station Computer digital 
Inputs, a magnetic tape software loading facility and a system console. 

Fig. 3 shows the final arrangement of the hardware used. 

5.1 COMPUTER PERIPHERALS 

3.1.1 Graphics Visual Display Unit 
The Graphic Terminal is a video text terminal and a Graphics 
Processor In one package. It has outputs for both an external 
colour monitor and hard copies or the displays. The device Is 
operated at a data rate of V.SKbaud due to software restrictions. 

5.1.2 Cartridge Tape Drive Unit 
The dual drive unit is used to load the application and diagnostic 
sortware into the computer system. The device is operated with a 
data rate of 9.6Kbaud. 

5.1.3 Panel Mount Printer 
This is a 18 column thermal printer which is operated at a data rate 
of 300 baud via a 20ma current loop. 

5.1.1 Free Standing Logging Printer 
This printer was part of the existing monitor system and is operated 
at a data rate of 300 baud. 

5.1.5 Typewriter Terminal 
It Is operated at a data rate of 300 baud and is used as the system 
console. 

5.2 COMPUTER SYSTEM 

A brier description of the computer cards, In the order they are 
located, is as follows:-

a) Processor Card 
This card carries the main processor plus a floating point option 
and memory management unit. The card also contains a Watchdog, 
Crystal Clock, Bootstrap and single serial I/O port. The latter two 
facilities are disabled. 

The Processor Carrier Card has two switches on the front facing 
section, one for enabling the clock and watchdog facilities and the 
other for the halt, run and initialise functions. 



b) ^mory Card 
This card contains 128K by 18 bits. 

c) Analogue to Digital Conversion Card 
This card version can multiplex 8 fully differential Inputs Into a 
high speed "sample and hold" amplifier. This then supplies a 12 bit 
analogue to digital (A/D) converter with a conversion rate set to 
IKHz using the potentiometer on the card. The Input voltage range 
was set to -5 to *5 Volts and a software programmable gain option 
used. 

d) Relay Output Card. 
There are 20 relay changeover contacts available on this card but 
only 10 are used to generate both conventional and Station computer 
alarms. 

e) Quad Serial Line Card - 20mA. 
This card contains Tour independent serial lines and is used to 
interface to the B3 and fit scanner systems, the panel and free 
standing printers using a 20ma current loop standard. 

f) Quad Serial Line Card - RS 232. 
This Quad Serial Line card is configured to the BS 232 standard. 
The card is used to drive the magnetic cartridge tape unit, the 
display terminal and the console. A port is configured as a 
communication line, but not used. 

g) Bootstrap Card 
This card carries the CUTLASS bootstrap software on four EPROMs. 

The Relay output and 20ma current loop cards incorporate onboard 
microprocessor intelligence which provides self-diagnostic checking. 
Indication of card failure is provided on the front of the cards, 
via LEDs. A card failure also causes an interrupt to the processor 
card which is used by the watchdog software procedure to operate the 
watchdog contact. 

5.2.2 Scanners 
Each of the four 320 channel scanning systems comprises of a 61 
channel master scanner plus four 64 channel slave units. No 
measurement modules are required In the scanners, as the 
Analogue/Digital function Is provided by the ADC card. 

5.3 ACCELEROHETERS AND CHARCE AMPLIFIERS 

These are retained from the existing system. The output range of 
the charge amplifiers is »5V to -5V and the low Impedance outputs fed 
to scanners on both systems. A separate audio facility has been 
retained and Is mounted below the charge amplifiers. It Is not 
intended to use the audio facility for normal operations. 
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5.4 ACCELEROMETER CABLING 

A separate contract was awarded to provide the miniature coaxial 
cables and connectors to extend the existing cabling to the new 
equipment room. Each of the 610 cables had to be extended by 
approximately 100 metres. An Interface connecting board using 
'through' sockets was designed and built by Sta'ion staff. 

6. SOFTWARE SPECIFICATION 

When the decision had been made to use CUTLASS for the new system, 
the latest available version was release ?.'*• This had been running in 
many installations for some time and most of the initial problems 
associated with it had been corrected. 

It was decided at an early stage to make the software iJentical in 
both computer systems (R3 and R4) to avoid any problems when modifying 
the programs. From the operators' viewpoint the new system had to 
appear similar to that being replaced, only minor Improvements being 
added at their request. 

Within the CUTLASS software structure there are several different 
"subsets" to perform varying functions (eg a VUU subset, a DDC subset 
etc). Although a VDU terminal waa being used In the new GVM system, It 
was not thought necessary to use the VDU subset for the one format 
required, as the VDU aubaet would Incur a large resident software 
overhead. It waa thua decided to use only the General Purpose subset 
and to drive the VDU with special WRITE statements, and to use special 
statements for scanning and digital outputs. 

Also special software "driver" modules were needed to augment the 
standard CUTLASS release. These were for:-

Serial line card. 
Relay output card. 
ADC high speed data acqulstlon card. 
Code for a system Watchdog. 

7. APPLICATION SOFTWARE 

7.1 BASIC PRINCIPLES 

Fig. 4 shows the basic principles involved in the data 
acquisition. To decide If a gag la vibrating, the output from each 
accelerometer is scanned at 4 Khz for 90,000 scans. For each scan, the 
amplitude is measured and a count is recorded in a 1024 element array 
to represent this amplitude. Over the period of approximately Z'i 
seconds that each channel Is scanned, this array Is filled, most of the 
counts being recorded around the centre elements, and tail! g off to 
zero at the end elements. When scanning is completed, a statistical 
analysis Is done of the results In the array, and a figure for the 
standard deviation calculated. The counts stored In the elements 



railing outside four times this standard deviation are totalled, and if 
this exceeds 60 then the gag is assumed to be vibrating excessively. 

Each channel is scanned in this uay in sequential order and any 
channel found In alarm is immediately scanned again and if the alarm 
condition persists, it is indicated to the control room operator by a 
digital output to the main station computer system. The advised 
operator action is to open the gag one inch, which should sufficiently 
alter the gas flow to stop the gag vibrating. To check the alarmed 
channels, they are then scanned in the same way on a half hourly basis 
until they are below the alarm level Tor three successive half-hourly 
periods. Other suspect channels can be forced Into a half-hourly 
monitor by the operator. A facility exists to cancel channels with 
known hardware faults to stop them being scanned. 

at each shift changeover a summary of channels alarmed, monitored 
and cancelled is output to the operator via a printer in the control 
room. 

7.2 SOFTWAHE FUNCTIONS 

The application software is required to carry out the following 
actions:-

a) Sequentially scan all channels In a background scan for 90,000 
samples on each channel. To analyse the results of these scans to 
check for high vibration. 

b) Any channel found to have a high vibration, scan again and if the 
vibration persists, alarm the control room operator and log the 
details on the printers in the control loom and GVH computer room. 

c) For any channel found in alarm, repeatedly scan that channel 
every 30 minutes, and log the results, until the counts outside 1 
standard deviations have been less than 60 for three consecutive 30 
minute periods. 

d) Maintain the alarm "Gag Vibration High" to the station computer 
whilst there is any channel in alarm, but reset and reflash the 
alarm for any subsequent channel that should go into alarm. 

e) For any channel found to have a hardware fault, scan again and If 
the fault persists, log the results and alarm to control room 
operator. 

f) Store the results of any alarmed or faulty channel in one of 5 
cyclic buffers so that subsequently a histogram may be drawn if 
requested. 

g) Provide an Interface via a VDU to allow restricted changes to the 
system. The maintenance engineer "logs on" l-efore each action, and 
the engineers initials are checked and remembered. 

h) Allow requests for channels to be "monitored", le scanned evirry 
jO minut>-9 and the results of the scan printed. These channels will 
remain "monitored" until "released" from this facility. 

i) Allow channels to be "cancelled" from any scanning if they are 
found to be faulty. These "cancelled" channels can then be 
"included" back Into the main scan. 

J) Print, a summary of "alarmed", "monitored" and "cancelled" 
channels at each shift changeover. 

k) Display the currently scanned channel Identity, on request. 

1) Display, on request, the initials of the engineer who performed 
the last action on a particular channel. 

m) Draw a histogram and print the statistics of a requested channel. 
If this channel has recently been In alarm or faulty, and Its 
results are stored in one of the buffers, the histogram will be 
drawn from these results. If a second request Is then made on this 
channel, or the results are not stored, then the channel will be 
scanned for the required 90,000 times and the histogram drawn from 
these results. 

n) Allow the results of scanning to be suppressed If a reactor Is 
not at power, or is being scanned by the other computer system. 

o) When the' results are suppressed as in n), allow repeated scanning 
of one channel to be requested for hardware maintenance, alarms from 
these scans to be suppressed. 

p) At the end of each scan cycle, to scan a test signal and check 
that the results are within predetermined limits. 

7.3 DESCRIPTION OF TASK BREAKDOWN. 

The basic philosophy of CUTLASS is that the system be broken down 
into a scheme and task structure. The application code is divided into 
several "schemes" for security, ease of coding and testing. Each of 
these schemes is then further split Into "tasks" which deal with 
particular functions of the system. It la the taaka that are 
clock-connected at set time intervals. Fig. 5 shows diagramaatically 
the scheme interaction. 

In this system there are two main schemes (R3MAIN and REMAIN) that 
deal with the main scanning of the channels. They decide which is the 
next channel to be scanned, wait for that scanning, and then process 
the results of the scan. The next channel decision depends on whether 
it is an ordinary back-ground scan, a half-hourly alarm sc*n, a repeat 
scan, or whether there is an outstanding histogram request. It deals 
with the scan results according to the reason for scanning. These 
schemes also activate alarms to the Station computer and set up 
messages to the printers. 



To Initiate scanning o r a channel, the above two schemes set-up 
markers to allow the SCAN scheme to run. This scheme in turn sets 
markers to the SELECT scheme that does the relay selection of the 
requested channels and passes control back to SCAN on completion. SCAN 
then Initiates the 2~* second scan at <*KHz on the R? and R<4 channels 
selected and when this has completed, control is finally passed back to 
the two main schemes. 

Another scheme GAGVT125 deals with the operator interface via the 
VDU terminal. It accepts requests, checks their validity, and then 
acts on them, usually by setting markers that other schemes use. 

MESSAGE is the scheme that outputs messages to both printers. 
Other schemes set markers for this one to check, and when one is found 
set, the messages are printed. 

ALMSUMM sets a martcer every 30 «inutes to allow the alarm scan to 
occur if needed. It also prints out a summary of alarmed, cancelled 
and monitored channels at every shift changeover. 

HIST is the scheme that deals with drawing a histogram of the 
results from a channel scanned by the main scheme. 

FIDO is the watchdog scheme. It monitors the running of all other 
schemes via global data flags and should one fail (global set "bad") it 
will operate the watchdog relay to warn of the failure. This scheme 
also updates the date and time on the VDU. 

7.4 PRIORITIES AND RUN TIMES. 

To allow correct interactions of tasks within the system, each is 
given a priority and a run time. Tasks can be either run continuously, 
or they can be clock connected to run at set time intervals. 

7.5 OPERATOR DRIVING INSTRUCTIONS 

Although all alarms are raised to the main control room desk 
operator, it is the shirt computer engineer that actually uses the GVM 
system via the VDU terminal. To aid him in the operation or the 
system, an booklet has been compiled containing useful information 
about the software. This Includes Instructions Tor loading in the 
system rrom cassette, relay information, failure messages and details 
of the available test programs. 

COMMISSIONING 

8.1 SOFTWARE DEVELOPMENT. 

The development of the software for the GVM system followed normal 
CUTLASS techniques. That is, the Initial input of coding was done via 
a Host computer system, and then to run the CUTLASS compiler, the Host 
has to be connected to a Target computer. The location of the Host at 

Hinkley Point made it Impractical to use the new GVM processor as a 
target and thus an Identical backplane was purchased and the 
appropriate card? installed in it to make a replica of the final 
system. This was located next to the Host and a suitable set of 
peripherals connected to the target to enable the software development 
to take place. 

The method of building a complete system was to first run the 
Target Construction program on the Host to build a suitable target 
software framework. This was then loaded down the serial line to the 
target, followed by appropriate User and Clobal directories. The 
various schemes were then compiled and down line loaded one at a time 
to the Target. When all had been loaded, a complete Target image was 
then saved back up the serial line onto a disk file. This saved disk 
file was finally dumped onto a tape cassette to be loaded eventually 
into the running system. 

8.2 SOFTWARE WALK THROUGH. 

Once the initial application software had been written, It was 
agreed that it would be useful as part of the Quality Assurance if a 
"walk through" of the coding were to be done. This involved the 
programmer explaining his code, line by line, to other computer 
experts. This exercise showed up several problems, and minor 
improvements were also incorporated as a result. 

8.3 INDIVIDUAL SCHEME CHECKS. 

As the scheme and task coding was completed, checks were made on 
the program logic and operation using the replica Target computer. As 
far as possible this was carried out using dummy data items before 
final Installation In the new system. 

Once all the schemes had been tested in this way, they were 
combined into a complete target image and loaded to the main target. 
The first part of the test schedule was to teat each scheme on Its own 
and to ensure that each functioned correctly. This testing wade use of 
the system console to set and check Global data items. These tests 
approximatey repeated those already done on the replica Target. 

8.4 TASK PRIORITIES AND RUN TIMES. 

An initial estimate of task run times was made and priorities 
assigned on a task Importance basis. Once more than one task was 
enabled, it was found necessary to adjust these run times and 
priorities to avoid scheme time-outs. 

8.5 SCHEME CHECKS WITH SIMULATED INPUTS. 

Once it was proved that the schemes worked in isolation, the whole 
system was activated, but with no outside plant connected. An 
electronic signal generator had been produced by BNL which provided an 



input that could simulate the various vibrations emanating froa a 
standpipe. The controls could be set to simulate a normal channel, a 
vibrating channel or one with a hardware fault. This signal was 
connected to a number of charge amplifier inputs for test purposes. a 
aau-tooth waveform generator was also connected to selected channels. 
With these signals connected, tests were made to ensure the expected 
results appeared on the correct channels. 
8.6 TOTAL SJSTEM TESTS. 

On the coapletion of the above tests, the cables fro* the 
acceleroaeters were connected to the charge amplifiers and the system 
run in its final plant state. As at this tiae the reactor was not at 
power, every channel appeared as a Low Input fault and this was used 
initially to check that every channel was being scanned. The BNL test 
box was connected to selected channels to provide alara conditions for 
those channels, some channels were put into Monitor and soae Cancelled. 
Checks were again made to ensure that channels were scanned in the 
correct order. The plant cables were then reinstated and the system 
left to run uninterrupted in its final form for 200 hours to ensure 
there were no probleas. 

8.7 HARDWARE 

8.7.t Coaputer Hardware 

The design concept was that the coaputer hardware would be 
coaaissioned at Works, and on Site, using CUTLASS software. However 
this was not possible, due to the unavailability of software drivers. 

The contractors software testa were very basic and allowed 
acceptance and delivery of the hardware to site. However they did not 
check the real tiae operation of the aystea. Hardware deficiencies 
were subsequently found when the CUTLASS software was available and 
initial coaaissioning software checks were being carried out on site. 

8.7.2 Hiring and Cabling Commissioning 

Special coaaissioning application software programs were written 
to facilitate the coaaissioning of the cable continuity and cubicle 
wiring. These allowed continuity to be checked froa the existing 
termination area in the cable flats, through the new coaxial cables, 
relocated charge amplifiers, cubicle wiring, scanner systea and finally 
the data acquisition systea. An electrical noise signal was connected 
in turn to each channel in the cable flats and the channel to be 
aonitored was selected via the coaputer display terainal keyboard. A 
printout was given on the systea printer indicating the channel 
selected, together with the results or the statisical analysis on the 
data collected. These results were used as test records to demonstrate 
that all channels were successfully checked for continuity. 

9. PROBLEHS ENCOUNTERED DURING THE PROJECT 

9.1 GENERAL 

The project being centred around a hardware only contract, with 
CEGB software, did lead to a number or probleas. Contrtbutary factors 
were that it was the first tiae that this design of equipment had been 
used in the Region. 

The probleas are summarised below under separate hardware and 
software headings although in aany cases they are inter-related. 

9.2 HARDWARE 

a) Serial Port on Processor Carrier Card - In this design the port 
is used for the systea console. The port is set to Interrupt with a 
level * prority, but because It is the physically closest device to fie 
processor it can effectively achieve the highest priority. This Is 
because it is capable of accepting, and not passing on, the processor's 
interrupt acknowledge signal. The systea design required a priority 
structure with the high speed ADC at the highest priority. A design 
modification was made which allowed this port to be isolated. A spare 
port on the RS232 serial line card was used as the console device. 

b) High Speed Data Acquisition Systea - A DMA card was supplied 
for use with the ADC card. During initial CUTLASS software tests It 
was discovered that the DMA card was not processor compatible, and thus 
was removed from the systea. 
The original scheae used separate ADCs for each scanner system. Tests 
were conducted to deteraine the optlaua aethod or obtaining the data 
from two scanners. It was concluded that the best solution was to use 
two channels on one ADC to handle both scanners, as it provided the 
fastest overall conversion tiae and provided a siapler hardware 
arrangement. This resulted in the additional provision of an 
interconnection module for the scanner output cables. 

c) Scanners - During the site coaaissioning trials, In-service 
failures occurred in the scanners. One aaster and one slave scanner 
unit became faulty and were replaced. In the saae period three clock 
PC8s were found faulty. All faulty units were returned for analysis 
and repair. There have been no reported faults in the eleven months of 
operation since these failures. These events did highlight a 
maintenance problem with the scanner interconnecting leads. These were 
too short to allow single units to be removed and replaced, and have 
thus been lengthened. 

d) Battery Backup - Provision was made in the contract for battery 
backup which was successfully tested at Works and Site. This facility 
is not at present used. In the future it is planned to incorporate 
this facility into the scheme. 



e) Display Terminal Graphics Speed - The display terminal used was 
found to be slow in graphics mode. The maximum rate it could be driven 
reliably In an unformatted mode was 2.4Kbaud. Under these conditions 
It was taking some 60 seconds to plot the histogram required. A driver 
with XON and XOFF features was available very late in the project and 
incorporated. This allowed the terminal to be driven at a maximum of 
4.8Kbaud, with a histogram plot time of approximately MO seconds. 

9.? SOFTWARE. 

a) Task activation - The initial idea for the application software 
was to try to duplicate the layout or the existing SVEPSPEED system, 
but It became obvious that this form of software layout was not 
feasible as SUEPSPEED used the facility of activating one job from 
another. 

its CUTLASS (Version 2.3) tasks have to be clock-connected, or else 
run continuously, the problems of task Interaction soon became clear. 
Some of the functions of the system were obviouly suited to clock 
connection, eg half-hourly alarm scan or shift change-over summary 
prints, but others would have run more efficiently If they could have 
been activated aa soon as they were required. This particularly 
applied to drawing histograms etc. These sorts of tasks have had to be 
run at set time intervals and they then check to see if relevant 
markers are set to know whether to perform their allotted code, or Just 
exit to try again later. 

b) Task timing - Clock-connection caused many problems with task 
timing. A task ha3 to finish performing its function by the time the 
next clock-connection occurs, otherwise the task is timed out. Thus, 
for example, if it takes 40 seconds to draw a histogram on the VDU, 
that task cannot be connected at more than, say, every 45 seconds. 

c) Driver testing - Several problems were experienced with the 
Initial versions of the special drivers. Even though these drivers had 
been tested in Isolation at RHQ using simple test programs, when they 
were Incorporated into the main application code, problems showed up. 
Once the cause of the errors had been pin pointed, they were soon 
corrected. 

10. EXPERIENCE WITH THE OPERATIONAL SYSTEM 

When Reactor * was returned to load at the end of its outage, the 
new GVM system was activated to monitor the gags. It was discovered 
that several Inputs were giving hardware faults and these were 
corrected. Host of the faults appeared to be caused by mechanical 
damage during pile cap work In the outage, but since these have been 
repaired, the system has functioned well. Some minor problems have 
been encountered and the necessary actions taken to correct them. 
These have Included :-

a) Printer Disconnection - The scanners and the 2 printers are 
driven from the quad serial line card via current loops. There has 
to be a continuous current path through all 4 aerial outputs or elsi; 
a card "fault" occurs, which in turn activates the watchdog, 
Problems arose if a printer was disconnected for maintenance without 
first shorting out its serial line input. To overcome this, 
shorting switches were fitted across these devices so that they can 
be disconnected without affecting the system. 

b) Additional Test Channel - The normal scanning of the system 
covers channels 1 to 308 for reactor channels with channel ?09 beln? 
a test signal checked at the completion of each reactor scan cycle. 
If a hardware fault occurs, one method of locating the possible 
fault is to substitute parts of a good channel signal path for the 
component thought to be faulty. This could, for example. Involve 
exchanging a good channel's charge amplifier for the suspect one by 
cross connecting the cabling. Whilst this method does work, it does 
involve disturbing a good channel signal. It was thus arranged to 
use channel 310 as an additional test channel that could be scanned 
repeatedly or via a histogram request, but would be ignored by the 
normal scanning sequence. The hardware In this input chain could 
then be substituted for the suspect items. 

c) Additional Diagnostic Software - Whilst many of the possible 
harware faults are flagged by comprehensive failure messages, 
requests were made for additional diagnostic programs. These were 
incorporated into the main system tape dump, but are not normally 
enabled. To run these programs It is necessary to disable all the 
normally running schemes and to then enable the required 
diagnostics. These Include facilities to selectively scan one 
channel and print out the results, a test of the relay output 
selection, a cyclic selection test of all channel relays on both R3 
and R4 scanners, and a printer test. 

11. CONCLUSIONS 

The initial reason for installing this replacement g»g vibration 
monitoring system was to provide a more secure system that would 
satisfy a new safety requirement. The equipment Installed has 
completely met this requirement. 

Host of the problems encountered during the project derived from 
the fact that this was the first use of a new software language on a 
nuclear site, and also with this particular manufacturer's equipment. 
In a system such as this, where the user supplies the software, it is 
stongly recommended that a complete version of the software be 
available prior to works acceptance tests, and that the manufacturer Is 
made aware of the method by which his hardware is to be driven by that 
software. Test demonstrations with the manufacturer's own software are 
Insufficient. 



The 'software walkthrough' technique, whereby the programs were 
explained to a group, proved to be advantageous and highlighted several 
probleaa which could then be rectified before the aystea was tested. 

During the year that the new systea has been in service monitor 1ng 
Reactor <t, it has proved to be superior to the old equipment. 
Depositionina of the charge amplifiers to an improved envlronaent has 
resulted In far fewer hardware errors on Individual channels. The use 
of the latest coaputer hardware haa increased availability 
considerably. 
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