Failures, failure modes and the bath-tub curve
Failures:
· A failure is the partial or total loss or change in those properties of a device in such a way that its functioning is seriously impeded or completely stopped.
· Some components have well defined failures: others do not. For example, switches and electric bulbs have well defined failures. Either they are good or bad. Such devices are known as two state devices.
· On the contrary, devices like voltage stabilizer, resistors etc. have a range of operating conditions. For instance, the output voltage of a stabilizer might lie within the limits of V + v and V – v. The device is supposed to have failed only when the output voltage crosses either of these limits.
· The concept of failures and their details help in the evaluation of the quantitative reliability of the device.
Failure modes:

· Failures in general can be grouped into different modes depending upon the nature of failure. They are as follows:

· Early  failures

· Catastrophic failures

· Wear-out failure

· Early failures:

· When we put a large collection of units into operation, it is likely that there are a large number of failures initially. These early failures are called initial failures or infant mortality.
· These failures are primarily due to manufacturing defects, such as weak parts, poor insulation, bad assembly, poor fits etc.

· Since the defective units are eliminated during the initial failure period, this period is known as the debugging or burn-in period.

· Catastrophic failures:

· After initial failures, for a long period of time of operation fewer failures are reported but it is difficult to determine their cause.

· They occur due to the sharp change in parameters determining the performance of the units, either as a result of the change in the working stresses or environment conditions.
· But in either case it is difficult to predict the amplitude of stress variations and their time occurrence, thus the failures during this period are often called random failures or catastrophic failures. 

· This is the period of normal operation and is characterized by (approximately) constant number of failures per unit time.
· Wear-out failure:

· As the time passes on, the units get outworn and begin to deteriorate. 

· A gradual change in the values of the parameters determining the performance of the unit results and when these parameters go beyond the limits of admissibility, the unit fails. This region is therefore called as wear-out region.

· The changes are irreversible physico-chemical in nature and the prognosis of wear-out failures is very difficult. In this period, the failure rate increases.

Bath-tub curve:
· A typical curve depicting the above three modes of failure is shown in Fig.1 and Fig.2 and it is often called as the bath-tub curve (due to its shape).
· The bathtub curve is widely used in reliability engineering.

· It describes a particular form of the hazard function which comprises three parts:

· The first part is a decreasing failure rate, known as early failures.

· The second part is a constant failure rate, known as random failures.

· The third part is an increasing failure rate, known as wear-out failures.
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                                                Figure 1
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                                                                                       Figure 2

· Many of the manufactures who produce high reliability components subject their products to an initial burn-in period of t1 to eliminate the products having initial manufacturing defects.

· The period t2 – t1 is the useful life time of the product.
· After t2, the product is to be replaced by another pretested item.
