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Any Fault Tree can be expressed as the equivalent of the OR-conjunction of minimal
cut-AND-structures. Therefore, if every element of the minimal cuts is qantified, the Fault
Tree can also be quantified.

One of the most fundamental methodologies for the quantification of minimal cuts is the
Kinetic Tree Theory (KITT) which was proposed by Vesely, W. E.

The KITT yields the existence probability and the expected number of occurrences of
the output event of a minimal cut, when the input events are assumed as follows:

a) The input events are statistically independent,

b) The input events have exponential failure and repair distributions, each with known
failure and repair rates,

¢) The input events are not generated at the time t= 0,

d) The output events are generated only when all the input events are in occurrence, and

e) The occurrence of output events are independent of the sequence of input events.

There are, however, cases for which the sequence of input events essentially dominates
the occurrence of an output event in actual system, especially in man-machine systems. For
example, let’s examine the cut which is composed of the following input events:

Event A 1 ; fault of sensors to detect a human who is entering dangerous zones,
Event A 2 ; signals for operation of machine,
Event A 3 ; entrance of a human into dangerous zones.

It is natural to suppose that an interlock device which has detected the entrance of a

human into the dangerous zones and, as the resuit, has stopped the machine will be kept
~working, even when the sensor may cause a fault afterwards, until the human goes out of
the zone and pushes the reset button to start the machine again. In this case, the event
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requires to occur prior to the event A3 in order to produce the output event.

It has been maintained to use fundamentally a Markov model for the quantitative analysis
of such consecutive failure logic. But, using the Markov model, no solution has been obtained
for the arbitrary number of input events, and it is a little troublesome to get the expected
number of occurrences of output events. However, for safety or risk assessment, the expected
number of occurrences of output events has often much more importance than the existence
probability. . )

In this paper, the exact method of calculating the existence probability and the expected
number of occurrences of the output event for such consecutive failure logic are given as
Theorems 1 and 2, under the condition that the input events have the same characteristics
as the KITT except the assumption e) above. Moreover, both the approximate solutions
at the unsteady state under the condition that the repair rates of inputs are much greater
than the failure rates and the exact solutions at the steady state are given for the arbitrary
number of input events in formulae (4), @9, 62, 63, and @0, @1, 80, 81, respectively.

It is concluded that this methodolgy gives much more simple and easier algorithms than
the Markov mddel, especially for the calculation of the expected number of occurrences
of the output event.

Keywords : Reliability engineering, System reliability, Fault tree analysis, Kinetic tree
theory, Consecutive failure logic, Priority-AND-gate, Markov model,
Robot
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Table 1 Relation between sequences of input
events and occurrence of output event
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NUMBER| A1 A2 A3 B

1 Eel6 Eel8 NbLOS Generated

2 Eele Nb05 Eel8 Not Generated

3 Eel8 Eel6 NbO5 Generated

4 Eel8 Nb0O5 Eelb Generated

5 Nb05 Eel6 Eel8| Not Generated

6 Nb05 Eel8 Eel6 Not Generated
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