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ABSTRACT

A computerized check-out system for recording and analysis of test data of transducers in
nuclear power plants is described. The system is composed of two subsystems, the
STATIONARY and the MOBILE SYSTEM.
The STATIONARY SYSTEM fulfills all necessary administrative functions, allows data
analysis, reporting, and longterm storage of test data.
The MOBILE SYSTEM is the test device. It is set up by three components - controller
unit, interface, and microcomputer - the whole being assembled on a moveable wagon
which makes on site testing of the transducers possible. The number of MOBILE
SYSTEMS is selectable according to user needs and environmental condititions.
Data transport between the systems is accomplished via magnetic tape cartridges or online
by a standardized communication line.

INTRODUCTION

A crucial requirement for safe operation of nuclear power plants is the continuous
monitoring of pressures, flows, and tank levels. It is quite common that there are several
hundred locations, called measuring points, distributed all over a plant which are
controlled by different kinds of transducers measuring pressure, differential pressure, rate
of flow, and liquid levels.
Particular instrumentation areas, e.g. the reactor protection system, where safety
considerations are of extreme significance, are set up with redundancy factors of three to
four. Therefore, the total number of transducers in a nuclear power plant may sum up to
one thousand or more.

It is generally observed that in the course of time, the measuring precision of transducers is
decreasing due to fatigue of material of the metering diaphragms. Therefore, each
transducer has to be checked periodically, typically once a year, to ensure its measuring
accuracy.



Such an annual revision consists of registrating the characteristic curve of the transducer,
computing the errors of measurement, and calculating the maximum hysteresis of the
curve. Frequently, revisions are followed by calibration of the transducer or, if
measurement errors exceed preset limits, the transducer is replaced.

It is evident that a computerized test procedure for these recurrent revisions of such an
amount of transducers is in many respects superior to a manual testing method. Automatic
registration of the characteristic curve, system support in all test phases, and the manifold
tools for documentation and data analysis of a modern computer system are the basic
resources for the advantages listed below:

C Gain in time

C Data completeness and consistency

C Data safety and reproduceability

C Fast and versatile data analysis and documentation

C Increased controllability and clarity in testing

CONCEPT

The concept of the described computerized check-out and analysis system had to be
adjusted to a large number of prerequisites, which are summarized below:

C Locality considerations

C testing on site without removal of transducers and in different workshops

- testing inside and outside the controlled area (contamination problems)

- no central cabling of all measuring points

C Measuring requirements

- pressure range to cover: 0 to 205 bar (2973 PSI)

- accuracy of the test method better than 0.1 %

- test cycle time below 10 minutes



C Organizational aspects

- direct data access up to 10 years in the past

- data protection with respect to
- manipulation
- interchange
- loss

- manual data sampling in the case of system failure

- independence of test and data analysis

To reconcile these requirements the basic approach followed was splitting of the check-out
system in two parts

C STATIONARY SYSTEM

C MOBILE SYSTEM

The STATIONARY SYSTEM is the system administrator and information center.
Additionally, it provides all the tools for data analysis and documentation. It allows
longterm data storage on removable-media disks, printing of test reports, and graphical
representation of selected data.

The MOBILE SYSTEM is the proper test device. It is set up by three components -
pressure controller, interface, and microcomputer - the whole being assembled on a
moveable wagon which allows on site testing of the transducers. Because of its modular
set-up, it is easily dismantled into portable units to surmount obstacles like steps and
crooked corridors. On the other side, modularity is necessary for the exchange of the
controller unit to adapt the measuring apparatus to different pressure ranges.
The number of MOBILE SYSTEMS, which are stand-alone devices, in a nuclear power
plant is at the choice of the user according to his needs and environment conditions.

Data transmission between MOBILE and STATIONARY SYSTEM is accomplished via
magnetic tape cartridges. Each terminal is equipped with a dual-drive cartridge subsystem
which allows an easy and reliable data interchange. Installing terminals of the
STATIONARY SYSTEM in the controlled area removes the problem of handling possibly
contaminated tape cartridges as no cartridge has ever to leave this aera.



The concept includes the possibility of online communication between MOBILE and
STATIONARY SYSTEM. This would require cabling of all measuring points in the plant
to a central place.

In figure 1 a schematic view of the described concept is shown.

SYSTEM SET-UP

Measuring technique

The principle of a test procedure is to provide the candidate with different, accurately
known reference pressures between 0 and 100 % of its nominal value, to record the
corresponding output signals of the transducer, and to determine at each measuring point
the deviation error. After completion of a test run, the hysteresis of the recorded curve is
evaluated.

Reference pressures for values up to 172 bar (2500 PSI) are generated using high-
precision manometers built by RUSKA Instrument Corporation, USA. To achieve the
required overall accuracy of 0.1 % over the whole pressure range different controllers have
to be used - one device up to 400 mbar (5 PSI), 2 bar (29 PSI), 10 bar (145 PSI) and
172 bar (2500 PSI) respectively. Pressures above this range are checked with a special
High-Pressure Test Unit which is based on a piston manometer manufactured by
DESGRANGES & HUTH, France. The pressure supply for RUSKA manometers is
achieved by compressed air. The High-Pressure System uses a special liquid (Deionat)
which is pumped into the pressure tubes.

Controller and transducer are connected to an interface which is developed by Schoppe &
Faeser, a daughter company of Hartmann & Braun, West Germany. It integrates the
necessary control logic, A/D-Converter, and Digital Voltmeter to measure, display, and
process the transducer and controller signals. It is equipped with a keyboard and LED
display to set manually selected reference pressures and to show measured values.

There is an electric and a pneumatic connection between transducer and MOBILE
SYSTEM. A special box, which is mounted close to cacti transducer, yields the required
electric signals - output current (0 - 20 mA), supply voltage, and optionally, a coded bit
pattern which unambiguously identifies the location where the transducer is installed. A
hosepipe with snap closure provides the pressure transmission between controller and
transducer.

The interface is controlled by a microcomputer PDP 11/23 using an IEEE-488 bus
communication in a master/slave relationship.



Figure 2 pictures the MOBILE SYSTEM for pressures up to 172 bar (2500 PSI) consisting
of the three components microcomputer, interface, and RUSKA manometer. The RUSKA
controller can be seen at the bottom of the wagon.

Computer Systems

The MOBILE SYSTEM is equipped with a micoromputer PDP 11/23 with 256 kB
memory which is fully integrated in a VT103 terminal. A dual-drive front loading cartridge
tape subsystem is mounted within the terminal, one drive being loaded with the system-
cartridge, the other taking the cartridge for the test data. Each magnetic tape cartridge has
a capacity of 256 kB.
When the system is switched on, the memory resident operating system RSX-11S and all
test programs are loaded automatically into memory.

In addition to the IEEE-488 interface, linking computer and measuring apparatus, the PDP
11/23 has two serial asynchronous lines to connect a printing device and optionally, to
communicate with the STATIONARY SYSTEM.

The standard VT100 keyboard has been modified with labeled operating keys which allow
the operator in charge of the test to proceed, to stop testing or to retrieve information. In
each phase of the test, the system informs the user about actually valid operating keys.

Figure 3 shows the part of the keyboard with the operating keys.

In figure 4, a schematic view of the MOBILE SYSTEM is given.

The STATIONARY SYSTEM consists of a PDP 11/24 with 256 kB memory, two
removable 10 MB disk cartridges, an optional number of terminals with integrated
cartridge tape drives and a 180 cps printer. The systems support graphics facilities.

Installing at least one terminal in the controlled area allows the transfer of test data to the
central data file, regardless of a possible contamination of the corresponding cartridge.

The operating system of the STATIONARY SYSTEM is RSX-11M.



SYSTEM OPERATION

Four different phases describe the operation of the check-out system:

C Preparatory measures

C Preparation of the check procedure

C Test run

C Analysis of test data

To get started some preparatory steps are required to provide the system with the
necessary basic information about measuring points and transducers, the status of the stock
of spare transducers as well as parameters for test protocols and user passwords. A menu-
driven organization assures easy handling of system parameters, each dialogue being
supported by HELP-forms containing information about input formats and the background
of the actual operation. All input to the system is checked for internal consistency and
completeness.

Test runs are initialized in the STATIONARY SYSTEM by writing all information needed
by the MOBILE SYSTEM during the test phase on magnetic tape cartridge. For each
measuring point the permanent data block and if available, the characteristic data of the
predecessor test are recorded. Magnetic tape cartridges have a capacity of 256 kB which
allows recording the data of up to 150 transducers on one tape.

During the test procedure the system asks the tester to perform the appropriate actions
according to the actual test phase, e.g. connect/disconnect electric or pneumatic lines,
identify the test candidate or spare transducer on screen etc. Certain steps have to be
confirmed by the user by pressing the ‘Acknowledge Key’:
If alternate actions are permissible, the valid operating keys are shown on the keypad of
the video screen.
The status of each individual test run - test finished normally, test cancelled, transducer
calibrated or replaced etc. - is recorded on tape and may be displayed with a tape index
protocol.

The analysis phase starts by reading-in the magnetic tape cartridge on a terminal of the
STATIONARY SYSTEM thus transferring all new test data to the central data base on
disk. Henceforth, test protocols may be printed, the data can be statistically analysed and
plotted in curve-like or bar-chart representation on a graphics screen.



At any time information retrieval functions are at the disposition of the user. Here, different
selection and sorting criteria may be applied for printout.
After a complete data transfer cartridge - disk, the cartridge is marked free for further
recording.

A special procedure is initiated if the system detects an exchange of transducers during the
read-in phase of cartridges. The identifier of the new transducer is checked for consistency
with global system data, the presence of this identifier in the inventory list if looked up
and, if found, it is automatically crossed out. A user dialogue is started with the purpose of
freeing the characteristic data of the replaced transducer. Before final deletion of these
data, statistical and protocol functions are enabled to allow trackkeeping of the history of
exchanged specimens.

Periodically or after adding a substantial set of new test data, the user will initialize a copy
run to save the actual data file to a back-up removeable disk-cartridge.

Figure 5 shows a scheme of the different operation phases.

Figure 6 and 7 - the main-menues of STATIONARY and MOBILE SYSTEM - and figure
8 and 9 - graphic representations of selected data - serve as an illustration of the
possibilities of the described check-out system.



Fig. 1  Configuration Scheme of the Check-Out-System



Fig. 2   RUSKA Check-Out Wagon



Fig. 3   Keyboard Functions



Fig. 4  Configuration of the Mobile System



Fig. 5  Operation Phases of the Check-Out-System



Fig. 6  Menu Stationary System

Fig. 7  Menu Mobile System



Fig. 8  Characteristic Curve Deviation

Fig. 9  Maximum Hysteresis


