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The original instrumentation and control equipment of the 
TRIGA Mark II has offered a reliable service at the reactor cen
ter of the Institute "JoSef Stefan" in Ljubljana. Some parts of 
the equipment have though already reached the end of their physi
cal lifetime: they had to be replaced. The whole instrumentation 
and control system is also approaching, or has exceeded, it*s mo
ral lifetime: the concept and the design have become obsolete. 

Two tendencies have been present in the maintenance of the 
TRIGA instrumentation: one was to renew only those parts that we
re deteriorating with age, thus ensuring the continuation of the 
satisfactory service in the original scope; the other was aimed 
at adding new features and possibly at changing the whole concept 
of the reactor control and instrumentation. Though the activities 
along both lines were not best coordinated at all times, the pre
sently emerging result may be highly satisfactory. Besides the 
well maintained instrumentation in the original scope and concept, 
a digital data logging and control system is being installed, ba
sed on microprocessors, which should offer new level of flexibi
lity and convenience to the operators and experimenters, without 
compromissing either safety of reliability of the overal instru
mentation and control system. 
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Replacements and supplements to the original instrumentation /l/ 

The electromechanical components were first to deteriorate 
in performance. The dual channel recorder, the key component in 
the original control sheme has been replaced by a functional 
equivalent of a different manufacture. The two control rod posi
tion indicating servos have though been replaced by digital shaft 
encoders and LED indicators. This equipment can be directly coup
led to a computer. 

The original starting channel electronics has been substitu
ted by a set of instruments developed and produced on a small 
scale at the Institute "Joief Stefan". The original scope of in
strumentation has been enhanced by equipment for totalizing the 
energy produced by the reactor (power x time) and the operating 
hours. 

Finally, as a step towards the possibility of direct digital 
control, the linear channel current amplifier has been substitu
ted by a more modern device, in which the range is set by a three-
-bit code and not by switching external components. The main ran
ge switch is now switching logical codes, a function which can 
be readily taken over by the computer. 

Data logging and direct digital control. 

The Institute "Jozef Stefan" comprises appreciable capabili
ties in electronic circuit design, computer applications and con
trol engineering. Logically, as soon as a computer was available 
at the reactor site (a Control Data 1700 minicomputer in 1969) 
the possibilities of direct digital control of the TRIGA reactor 
were investigated. It was concluded that the computer - reactor 
control link would be an interesting research subject and that, 
if the results would be successful, the reactor operation maight 
be improved through automatic data logging and, possibly direct 
digital control. Work on the hardware and software components of 
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the proposed system with the CDC 1700 computer was concluded in 
1973 with test of performance, /2,3/. The tests proved the feasi
bility of the project solutions, except for the reliability and 
availability of the main component, the CDC computer. As this com
puter is principaly used for data acquisition from several nuclear 
and reactor physics experiments, the data logging and control was 
included on an interrupt-driven multitasking basis. Operating in 
such conditions, we have experienced frequent interruptions and 
errors in the computer system. 

Furthermore, for program development on the computer all the 
available memory space is required, so that all real-time work, 
including the reactor supervision and control, has to be suspen
ded. 

Under such conditions of reliability and availability of the 
computer the data logging and control of the reactor were not 
practical. It was considered that a dedicated computer is a pre
requisite for any further development in this direction. 

It was not possible or considered appropriate to dedicate a 
computer for the sole purpose of data logging and control until 
the low-cost microcomputers became available. Now, with micro
processors, even a multiprocessor system is not too costly, as 
the required computing power is not very large. 

The first version of the microprocessor based data logging 
and control system was constructed and tested in 1976 /U/. The 
microcomputer employed was based on the Intel 800 8 processor and 
manufactured by Control Logic (U.S.A.). Also, some interfacing 
equipment from the previous (CDC 1700) project was used. Some 
experience has been gained from this work, but it was concluded, 
that a complete redesign of the system would be appropriate. 

Presently, a microprocessor based data logging and control 
system is being installed, which we belive is suficiently mature 
in concept and manufacture that it should provide reliable and 
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flexible service in routine operations and under experimental 
conditions. The system is using two microcomputers (Fig. 1) in a 
hierarchical relationship. Both computers are from the "micro-m" 
series, designed and manufactured by the Institute "Jofcef Stefan" 
and based on the Intel 8080 microprocessor /5/. 

Maybe the most interesting feature of the present design is 
the use of two computers instead of one. The extra cost, which is 
not large, is offset by several advantages: the two subsystems 
have well defined, distinct tasks, the serial data link enables 
complete decoupling of the two sets of instruments (the reactor 
instrumentation and the input/output peripherals) and more com
puting power is available on line. 

The original impulse for contemplating two processors on a 
serial data link came from the difficulties that we experienced 
with different ground potentials in the reactor console and the 
other electrical equipment in the environment. This problem could 
be eliminated by more scrupulous application of the equipment 
grounding rules, and by reconstruction of pertaining installations. 
The other advantages of the dual configuration prevailed and the 
sanation of the general electric wiring practice was left for so
me later occasion. 

The inner computer (No. 1) is electrically and functionally 
integrated with the reactor instrumentation, thus becoming a part 
of it. It's role is data acquisition with basic data reduction 
(e.q. averaging or digital filtering), timing, formatting and 
transmission of the data to the outer computer, and the direct 
digital control of the reactor according to a basic control algo
rithm (e.q. constant power in the power range or automatic start
up). In the outer computer (No. 2) more sophisticated tasks are 
performed, mostly associated with the man-machine interface. The 
data received from the inner computer are further reduced and 
output according to the prescribed protocol. Also, provisions 
for the use of a high level, user oriented process control langu
age, an enhanced version of BASIC, have been made. 
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Using this language an experimenter shall be able to program adi-
tional input/output and more sophisticated control algorithms. 

In Fig. 2 and Table 1 the data on the connections between 
the reactor instrumentation and the inner computer (No. 1) are 
given. 

The two computers have quite distinct tasks with respect to the 
system performance. The inner computer should provide the reliable 
basic data acquisition and control for routine operations, which 
should require minimal or no operator retraining. It shall be 
possible to put these function in operation by turning the manual/ 
servo switch to a third position (digital control) and set the re
quested power on the same knobs as hitherto. The outer computer 
provides additional on-line computing and control capability for 
the sophisticated user. The fact that these two features are phy
sically separated should provide the reliability level that would 
otherwise be difficult to achieve. As was also evident to us from 
the experience with the multitasking minicomputer, a computer on 
which new software is being developed can usually not serve satis
factorily for the process control at the same time. 

Within each computer a part of the software shall be dedica
ted to checking the operation of the other computer, e.q. by re
questing appropriate responses and checking the logical validity 
of the commands. Malfunction of any of the two processors shall 
cause reactor scram. 

Assured by our lengthy and sometimes painful experience in 
the development of direct digital control we are now confident 
that the present system shall relieve the reactor operators from 
some of their tasks and provide the experimenters with additional 
flexibility in the reactor operation without sacrificing the sy
stem reliability and availability. 
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Fig. 1 Dual microcomputer configuration for data logging and control of the TRIGA reactor 
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Table 1. 

Digital measurement and control: connections to the 
TRI6A Mark II instrumentation 

Symbol 
(Fig.2) 

Name Type 

1. Measurement points (computer iriput) 

2. Control points (computer output) 

Range 

A control 
rod position 

digital 
3x4 bits(BCD) TTL 

B shim 
rod position 

digital 
3x4 bits(BCD) TTL 

C linear power analog 0 ... 10 V 
D percent power analog 0 ...lOOyA 
E period analog 0 ...lOOpA 
F radiation level analog 0 ... 50pA 
G water temperature analog 0 . . . 50uA 
H startup channel digital TTL 

I 

J 

K 

current 
amplifier control 
control rod motor, 
on/off and direction 
shim rod motor, 
on/off and direction 

digital, 3 bit 

relay, 2 pes, 

relay, 2 pes, 

TTL 
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Fig. 2 Schematics of the TRIGA Mark II instrumentation (US, Ljubljana, YU) 




