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Extended Abstract 
 
Inspection is an important element in the maintenance and reliable operation of many 
stochastically failing items/equipment, for which the state of failure can be discovered only 
through some form of action. Protective systems used in hazardous plants like chemical plants, 
nuclear plants, etc, are the prime examples, where the instruments therein need to be periodically 
inspected to discover their hidden failures. There are however many other systems where also 
inspection is necessary; for example, weapon systems, machinery needed to produce goods 
within specific tolerance limits (calibration), etc. In a typical protective system, say for a 
chemical plant, there are basically three types of instruments: initiators (e.g. various types of 
sensors), actuators (trip valves, used either singly or in combination with solenoid valves), and a 
relay to transmit signals from initiators to actuators. The initiators monitor the process 
parameters continuously and whenever there is a process excursion, will pass a signal on to the 
next stage. The actuators are typically in the standby mode and will act only whenever a plant or 
a part of it has to be shut down. The failures of these instruments are not known immediately 
until they are isolated and tested. If a failure of any of these instruments is detected in a test, they 
will either be replaced or repaired and put into operation again. In the first case, the inspection 
policy is generally called ‘inspection without renewal’. In the second case, the inspection policy 
is called ‘inspection with renewals’. 
 
The first general models for the cost-optimal inspection policies with or without renewals were 
developed by Barlow, Hunter and Proschan [1-2], popularly known as B-P models. Since then, a 
variety of mathematical models considering different aspects of inspection, system states and 
optimality criteria have appeared in the literature [3-12]. Citing the reason  of  computational  
difficulty  in  deriving  a cost-optimal inspection schedule from  
B-P model, Munford and Shahani [3-4] have developed an inspection model based on the 
concept of inter-inspection hazard. The concept is also appealing in practice, because of its 
quantification of hazard probability in between two inspections. If the inter-inspectional hazard 
for a cost-optimal policy is not acceptable, the policy makers can specify inter-inspectional 
hazard and derive inspection schedule accordingly. 
 
For the non-renewal case of inspection policy, Munford and Shahani have shown that B-P and 
hazard based models produce identical inspection policies, if the instrument failure is 
exponentially distributed. But, for normally distributed failures, B-P policy is more cost-effective 
than the hazard based policy, although the cost increase for the latter policy is less than 10%.  
 
In this article, we have presented a general model for hazard based inspection-repair policy (i.e. 
renewal case) and provided an algorithm for its efficient solution. Considering the case of wear-
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out failures, represented by normal distribution, the effects of various cost parameters (cost of 
inspection, cost of repair and cost of undetected failure), repair time and the failure distributions 
have been studied for a number of case problems constructed by four-factor second order 
rotatory design. Weibull distribution has been used as the  failure distribution, because of its 
simplicity and ability to represent exponential (i.e. random failures), log-normal (i.e. mixed 
random and wear-out failures) and normal (i.e. wear-out failures) distribution with the change of 
shape parameter values. The results obtained from cost-optimal hazard based model have been 
compared with those of B-P model in terms of cost rate and expected cycle length. It is found 
that the cost of hazard based policy is slightly higher than that of B-P policy, but within 6% for 
the ranges of the parameter values considered in this work. 
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