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Abstract; As a function in a boiler becomes more complicated, a computer control system is applied
for a boiler to advance its function. However, such advanced systems are not always safe, because
of the complicated mechanisms. Small size boilers, which can be easily operated by workers
without particular technique, have widely been used in small factories such as a laundry or a
bakery. Though the majority of the small size boilers have the advanced control systems, serious
accidents such as burst or explosion sometimes occur in the small size boilers, because of the
complexity of control systems.

The main cause of the accidents is often associated with explosion of unburned gas in the
furnace of the boiler. To prevent such accidents, it is necessary to develop a new type of sensors
which are able to detect the unburned gas or the flame of the combustion gas.

The main aims of this study are;

(1) to develop the fail-safe sensors which can monitor the combustion state of fuel in the
furnace,

(2) to develop the fail-safe control systems for small size boilers,

(3) to evaluate the practicality and limitations of the developed sensors and the control
systems. _

Three types of flame detection sensors, that is, thermocouple, UV tube and ultrasonic sensors
were developed by applying fail-safe mechanism.

A new control system which is composed of an AND gate, an OFF delay element and a
window comparator was constructed. The AND gate is a kind of a logical element which has a
function to be able to emit an output signal when two input conditions are satisfied. In case of
applying the AND gate for the boiler, the AND gate functions to emit the output signal which
permits the operation of the boiler, only when the self-check signal for the control circuit and
the flame detection signal are normal. The new fail-safe control system can be achieved by the
AND gate.

The OFF delay element functions to control the purge time and the fuel injection time in the
furnace of the boiler.
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The window comparator functions to emit the output signal when a signal from the flame

detection sensor exists between upper and lower limits (window) of the comparator. If the signal

level is higher or lower than the limitations, the output signal becomes zero. As a result, a new

control system including the window comparator cuts off the supply of fuel immediately and

operation of the boiler is shut down automatically.

The new control system developed enables to release fuel into the furnace and to ignite the

fuel only when the whole control circuit is in normal state. Accordingly, the new control system

makes possible to keep a boiler under safety conditions even when a worker misoperates.
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