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For many products or systems that perform “safety critical” functions, it is essential that they maintain 
high reliability because failure of these functions could result in loss of life, significant property damage, 
or damage to the environment. For example, the hydraulic systems that allow us to operate aircraft, 
brakes in a car, high-speed elevators, and early warning systems for missile defense must have the high-
est possible reliability. To maintain or increase the reliability of systems or products, the components or 
subsystems that perform the critical functions are often duplicated to serve as a backup if the original 
component or subsystem fails. This duplication of critical components is called redundancy, by which 
duplicate components operate in parallel to the original component, as shown for a system in Figure 4S.2.

In Figure 4S.2, the function performed by component 2 is critical and, hence, has a backup to 
the original component. If the original component fails [which can happen 5% (100% − 95%) of 
the time], then the backup component (which has a reliability of 90%) is automatically activated. 
To calculate the overall reliability of system depicted in Figure 4S.2, we first calculate the composite 
reliability of component 2 (original + backup) as follows:

R (C2) = R (OC2) + [1 – R (OC2)] × R (BC2) = 0.95 + (1 – 0.95) × 0.90 = 0.995

You can see that the backup component has increased the overall reliability of component 2 to 99.5%. 
As we still have a system of three components in series, the reliability of the overall system is calcu-
lated as shown: 

R (S) = R (C1) × R (C2) × R (C3) = 0.95 × 0.995 × 0.95 = 0.898

EXAMPLE 4S.1: An electrical power system has four major components with reliabilities of 0.99,
0.90, 0.95, and 0.96. All four components must function to prevent the failure of the electrical power 
system:

a.	 Compute the reliability of the overall power system.

b.	 If the designers of the electrical power system want to improve the reliability of the system by
adding a backup component, which component should get the backup to achieve the highest
reliability and compute the reliability of the system with the addition of the redundant compo-
nent? Assume that the backup component has the same reliability as the original component.

SOLUTION
a.	 Compute the reliability of the overall power system:

P (S) = P (C1) × P (C2) × P (C3) × P (C4) = 0.99 × 0.90 × 0.95 × 0.96 = 0.8125

b.	 Since component 2 has the lowest reliability, it is the weakest link in the system and, hence,
requires a redundant component as a backup. To calculate the overall reliability of the pow-
er system, we first calculate the composite reliability of component 2 (original + backup) as
follows:

P (C2) = P (OC2) + [1 – P (OC2)] × P (BC2) = 0.90 + (1 – 0.90) × 0.90 = 0.99

As we have now a revised system of four components in series, the reliability of the overall 
system is calculated as:

P (S) = P (C1) × P (C2) × P (C3) × P (C4) = 0.99 × 0.99 × 0.95 × 0.96 = 0.8938

FIGURE 4S.2  Three Components with Redundancy in Component 2
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