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UNIT – 4 REPLACEMENT AND MAINTENANCE ANALYSIS 

Part – A 

1. What are the reasons for replacement? (N/D ’17) (A/M ’15) (N/D ’13) 

 Pysical impairment of the various parts or obsolescence of the equipment. 

 Deterioration  

 Inadequacy  

 Working conditions  

2. Define economic life of an asset. (N/D ’17) (A/M ’17) (A/M ’13) 

The capital recovery cost (average first cost) goes on decreasing with the life 

of the machine and the average operating and maintenance cost goes on increasing 

with the life of the machine. From the beginning, the total cost continues to decrease 

up to a particular life and then it starts increasing. The point where the total cost is 

minimum is called the economic life of the machine. 

3. Distinguish between challengers and defenders (A/M ’17) 

Defender: The maintenance costs per unit time of the presently owned equipments are 

called as defender 

Challenger: The new quipements under consideration for replacing the present 

equipments are called as challenger  

In other words, If an existing equipment is considered for replacement with a 

new equipment, then the existing equipment is known as the defender and the new 

equipment is known as challenger. 

4. What is preventive maintenance? (A/M ’16) (N/D ’16) (A/M ’15) (N/D ’15) 

Preventive maintenance (PM) is the periodical inspection and service 

activities which are aimed to detect potential failures and perform minor adjustments 

or repairs which will prevent major operating problems in future. 

5. What are the two types of replacement problem? (A/M ’16) (N/D ’15) 

Replacement study can be classified into two categories: 

(a) Replacement of assets that deteriorate with time (Replacement due 

to gradual failure, or wear and tear of the components of the 

machines). 

This can be further classified into the following types: 

(i) Determination of economic life of an asset. 

(ii) Replacement of an existing asset with a new asset. 

(b) Simple probabilistic model for assets which fail completely (replacement 

due to sudden failure). 

6. What are the types of replacement policies? (N/D ’16) 

 Replacement of the existing equipment with a new one  

 Augmenting the existing one with additional equipment. 

7. List out the preventive maintenance activities (N/D ’14) 

 Inspection  

 Servicing  

 Calibration  

 Testing  
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 Alignment  

 Adjustment  

 Installation  

8. List out the functional elements of maintenance activities (N/D ’14) 

 Analyzing the maintenance system  

 Reviewing the system  

 Prioritizing the maintenance  

 Training the maintenance staffs  

 Implementing the maintenance plans  

9. Explain Predictive maintenance (A/M ’13) 

Predictive maintenance is a management technique that uses regular 

evaluation of the actual operating conditions of plant equipment, production system 

and plant management functions to optimize total plant operation.  

10. List out the different types of maintenance (N/D ’13) 

 Preventive maintenance 

 Break down maintenance  

 Scheduled maintenance  

 Predictive maintenance  

Part – B 

1. Write an essay about Replacement and Maintenance analysis. (16 marks)(N/D 

’17) 

Organizations providing goods/services use several facilities like equipment 

and machinery which are directly required in their operations. In addition to these 

facilities, there are several other items which are necessary to facilitate the 

functioning of organizations. 

All such facilities should be continuously monitored for their efficient 

functioning; otherwise, the quality of service will be poor. Besides the quality of 

service of the facilities, the cost of their operation and maintenance would increase 

with the passage of time. Hence, it is an absolute necessity to maintain the equipment 

in good operating conditions with economical cost. Thus, we need an integrated 

approach to minimize the cost of maintenance. In certain cases, the equipment will be 

obsolete over a period of time. 

If a firm wants to be in the same business competitively, it has to take decision 

on whether to replace the old equipment or to retain it by taking the cost of 

maintenance and operation into account. There are two basic reasons for considering 

the replacement of an equipment- physical impairment of the various parts or 

obsolescence of the equipment. 

Physical impairment refers only to changes in the physical condition of the 

machine itself. This would lead to a decline in the value of the service rendered, 

increased operating cost, increased maintenance cost or a combination of these. 

Obsolescence is due to improvement of the tools of production, mainly 

improvement in technology. So, it would be uneconomical to continue production 
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with the same machine under any of the above situations. Hence, the machines are to 

be periodically replaced. 

Sometimes, the capacity of existing facilities may be inadequate to meet the 

current demand. Under such situation, the following alternatives will be considered. 

 Replacement of the existing equipment with a new one 

 Augmenting the existing one with an additional equipment 

Types of Maintenance 

Maintenance activity can be classified into two types: preventive maintenance 

and breakdown maintenance. Preventive maintenance (PM) is the periodical 

inspection and service activities which are aimed to detect potential failures and 

perform minor adjustments or repairs which will prevent major operating problems in 

future.  

Breakdown maintenance is the repair which is generally done after the 

equipment has attained down state. It is often of an emergency nature which will have 

associated penalty in terms of expediting cost of maintenance and down time cost of 

equipment.  

Preventive maintenance will reduce such cost up to a point. Beyond that point, 

the cost of preventive maintenance will be more when compared to the breakdown 

maintenance cost. The total cost, which is the sum of the preventive maintenance cost 

and the breakdown maintenance cost, will go on decreasing with an increase in the 

level of maintenance up to a point. Beyond that point, the total cost will start 

increasing. The level of maintenance corresponding to the minimum total cost is the 

optimal level of maintenance. The concepts are demonstrated in Fig. 

 

Types of Replacement Problem 

Replacement study can be classified into two categories: 
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(a) Replacement of assets that deteriorate with time (Replacement due to gradual 

failure, or wear and tear of the components of the machines). 

This can be further classified into the following types: 

(i) Determination of economic life of an asset. 

(ii) Replacement of an existing asset with a new asset. 

(b) Simple probabilistic model for assets which fail completely (replacement due to 

sudden failure). 

Determination of Economic Life of an Asset 

Any asset will have the following cost components: 

 Capital recovery cost (average first cost), computed from the first cost (purchase 

price) of the machine. 

 Average operating and maintenance cost (O & M cost) 

 Total cost which is the sum of capital recovery cost (average first cost) and average 

maintenance cost. 

A typical shape of each of the above costs with respect to life of the machine is shown in Fig. 

  

From Fig, it is clear that the capital recovery cost (average first cost) goes on 

decreasing with the life of the machine and the average operating and maintenance cost goes 

on increasing with the life of the machine. From the beginning, the total cost continues to 

decrease up to a particular life and then it starts increasing. The point where the total cost is 

minimum is called the economic life of the machine.  
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If the interest rate is more than zero per cent, then we use interest formulas to 

determine the economic life. The replacement alternatives can be evaluated based on 

the present worth criterion and annual equivalent criterion. 

2. Write in detail the mode of recovery of capital and return and explain the simple 

probabilistic model for items which fail completely. (16 marks) (N/D ’17)  

Capital Recovery with Return 

Consider the following data of a machine. Let 

P = purchase price of the machine, 

F = salvage value of the machine at the end of machine life, 

n = life of the machine in years, and 

i = interest rate, compounded annually 

The corresponding cash flow diagram is shown in Fig. 

 
The equation for the annual equivalent amount for the above cash flow diagram is 

AE(i) = (P – F) x (A/P, i, n) + F x i 

This equation represents the capital recovery with return. 

Simple Probabilistic Model for items which fail completely 

Electronic items like transistors, resistors, tubelights, bulbs, etc. could fail all 

of a sudden, instead of gradual deterioration. The failure of the item may result in 

complete breakdown of the system. The system may contain a collection of such 

items or just one item, say a tubelight. Therefore, we use some replacement policy for 

such items which would avoid the possibility of a complete breakdown. 

The following are the replacement policies which are applicable for this 

situation. 

(i) Individual replacement policy. Under this policy, an item is replaced 

immediately after its failure. 

(ii) Group replacement policy. Under this policy, the following decision is made: 

At what equal intervals are all the items to be replaced simultaneously with a 

provision to replace the items individually which fail during a fixed group 

replacement period? 

There is a trade-off between the individual replacement policy and the group 

replacement policy. Hence, for a given problem, each of the replacement policies is 

evaluated and the most economical policy is selected for implementation. 
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3. Explain in detail different types of maintenance. Give suitable examples. (16 

marks) (N/D ’17)(A/M ’17) 

Types of Maintenance 

Maintenance activity can be classified into two types: preventive maintenance 

and breakdown maintenance. Preventive maintenance (PM) is the periodical 

inspection and service activities which are aimed to detect potential failures and 

perform minor adjustments or repairs which will prevent major operating problems in 

future.  

Breakdown maintenance is the repair which is generally done after the 

equipment has attained down state. It is often of an emergency nature which will have 

associated penalty in terms of expediting cost of maintenance and down time cost of 

equipment.  

Preventive maintenance will reduce such cost up to a point. Beyond that point, 

the cost of preventive maintenance will be more when compared to the breakdown 

maintenance cost. The total cost, which is the sum of the preventive maintenance cost 

and the breakdown maintenance cost, will go on decreasing with an increase in the 

level of maintenance up to a point. Beyond that point, the total cost will start 

increasing. The level of maintenance corresponding to the minimum total cost is the 

optimal level of maintenance. The concepts are demonstrated in Fig. 

 
4. Differentiate individual and group replacements. (4 marks) (A/M ’17) 

(i) Individual replacement policy. Under this policy, an item is replaced 

immediately after its failure. 

(ii) Group replacement policy. Under this policy, the following decision is made: 
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At what equal intervals are all the items to be replaced simultaneously with a 

provision to replace the items individually which fail during a fixed group 

replacement period? 

5. Two years ago, a machine was purchased at a cost of Rs. 2,00,000 to be useful for 

eight years. Its salvage value at the end of its life is Rs. 25,000. The annual 

maintenance cost is Rs. 25,000. The market value of the present machine is Rs. 

1,20,000. Now, a new machine to cater to the need of the present machine is 

available at Rs. 1,50,000 to be useful for six years. Its annual maintenance cost is 

Rs. 14,000. The salvage value of the new machine is Rs. 20,000. Using an interest 

rate of 12%, find whether it is worth replacing the present machine with the new 

machine. (16 marks) (N/D ’17) 

Solution  

Alternative 1—Present machine 

Purchase price = Rs. 2,00,000 

Present value (P) = Rs. 1,20,000 

Salvage value (F) = Rs. 25,000 

Annual maintenance cost (A) = Rs. 25,000 

Remaining life = 6 years 

Interest rate = 12% 

The cash flow diagram of the present machine is illustrated in Fig. 

 

Annual maintenance cost for the preceding periods are not shown in this 

figure. The annual equivalent cost is computed as 

AE(12%)  = (P – F)(A/P, 12%, 6) + F x i + A 

= (1,20,000 – 25,000)(0.2432) + 25,000 x 0.12 + 25,000 

= Rs. 51,104 

Alternative 2—New machine 

Purchase price (P) = Rs. 1,50,000 

Salvage value (F) = Rs. 20,000 

Annual maintenance cost (A) = Rs. 14,000 

Life = 6 years 

Interest rate = 12% 

The cash flow diagram of the new machine is depicted in Fig. 
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The formula for the annual equivalent cost is 

AE(12%)  = (P – F) x (A/P, 12%, 6) + F x i + A 

= (1,50,000 – 20,000)(0.2432) + 20,000 x 0.12 + 14,000 

= Rs. 48,016 

Since the annual equivalent cost of the new machine is less than that of the 

present machine, it is suggested that the present machine be replaced with the new 

machine. 

6. Three years back, a municipality purchased a 10 hp motor for pumping drinking 

water. Its useful life was estimated to be 10 years. Due to the fast development of 

that locality, the municipality is unable to meet the current demand for water 

with the existing motor. The municipality can cope with the situation either by 

augmenting an additional 5 hp motor or replacing the existing 10 hp motor with 

a new 15 hp motor. The details of these motors are now tabulated. 

The current market value of the 10 hp motor is Rs. 10,000. Using an interest rate 

of 15%, find the best alternative. (16 marks) (A/M ’17) 

 

 

 Old 10 hp 

motor 

New 5 hp 

motor 

New 15 hp 

motor 

Purchase cost (P) Rs. 25,000 10,000 35,000 

Life in years 10 7 7 

Salvage value at the end of 

the machine life (Rs) 

1,500 800 4,000 

Annual operating & 

maintenance cost (Rs) 

1,600 1,000 500 

 

Solution  

There are two alternatives to cope with the situation: 

(i) Augmenting the present 10 hp motor with an additional 5 hp motor. 

(ii) Replacing the present 10 hp motor with a new 15 hp motor. 

Alternative 1—Augmenting the present 10 hp motor with an additional 5 hp motor 

Total annual equivalent cost = Annual equivalent cost of 10 hp motor + 

Annual equivalent cost of 5 hp motor 

Calculation of annual equivalent cost of 10 hp Motor 

Present market value of the 10 hp motor (P) = Rs. 10,000 
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Remaining life (n) = 7 years 

Salvage value at the end of motor life (F) = Rs. 1,500 

Annual operation and maintenance cost (A) = Rs. 1,600 

Interest rate, i = 15% 

The cash flow diagram of this alternative (10hp) is shown in Fig. 

 
The annual equivalent cost of the 10 hp motor is calculated as 

AE(15%)  = (P – F)(A/P, 15%, 7) + F x i + A 

= (10,000 – 1,500)(0.2404) + 1,500 x 0.15 + 1,600 

= Rs. 3,868.40 

Calculation of annual equivalent cost of 5 hp motor 

Purchase value of the 5 hp motor (P) = Rs. 10,000 

Life (n) = 7 years 

Salvage value at the end of motor life (F) = Rs. 800 

Annual operation and maintenance cost (A) = Rs. 1,000 

Interest rate, i = 15% 

The cash flow diagram of the 5 hp motor is illustrated in Fig. 

 
The annual equivalent cost of the 5 hp motor is computed as 

AE(15%)  = (P – F)(A/P, 15%, 7) + F x i + A 

= (10,000 – 800)(0.2404) + 800 x 0.15 + 1,000 

= Rs. 3,331.68 

Total annual equivalent cost of the alternative 1  = Rs. 3,868.40 + Rs. 3,331.68 

= Rs. 7,200.08 

Alternative 2—Replacing the present 10 hp motor with a new 15 hp motor 

Purchase value of the 15 hp motor (P) = Rs. 35,000 

Life (n) = 7 years 

Salvage value at the end of motor life (F) = Rs. 4,000 

Annual operation and maintenance cost (A) = Rs. 500 

Interest rate, i = 15% 
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The cash flow diagram of this alternative is shown in Fig. 

 
The annual equivalent cost of alternative 2 is 

AE(15%)  = (P – F) (A/P, 15%, 7) + F x i + A 

= (35,000 – 4,000)(0.2404) + 4,000 x 0.15 + 500 

= Rs. 8,552.40 

The total annual equivalent cost of alternative 1 is less than that of alternative 2. 

Therefore, it is suggested that the present 10 hp motor be augmented with a new 5 hp motor. 

 


