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Abstract 

When it comes to replacing the cars in their fleets, transportation companies have a lot of factors to take into account. The age of 

the cars is one of the most crucial variables because older models typically need more upkeep and repairs, and if possibly replace, 

which may be expensive both financially and in terms of time. Using God is Good Motors as a case study, the research applied 

replacement theory in a transportation company to predict when to replace a vehicle using Replacement Policy when Value of 

Money does not change over time. The study looked at the creation, application, and assessment of a replacement model 

specifically designed to meet the requirements of God is Good (GIGM) Transport Company, one of Nigeria's top providers of 

intercity transportation services. The study commenced with an extensive examination of previous research, including current 

approaches, variables impacting replacement choices, and consequences for both operational and environmental results. On the 

basis of this framework, a methodical approach is created for creating and executing the replacement model, which includes 

data gathering, model creation, simulation methods, and validation procedures. The replacement model's practical use within 

GIGM Transport Company offered insightful information about how to apply abstract ideas to actual situations. The result 

showed that the average total cost A(n) is minimum at the end of the 6
th

 year and from the next year, that is the 7
th

 year onwards, 

the value of A(n) increases. Thus, a decision of replacement of the vehicle, would be right to be taken on the 6
th

 year. 
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1. Introduction 

Managing a transport company's fleet is essential to its 

success, as the transport sector is essential to the global 

economy. Vehicles lose fuel efficiency, are more prone to 

malfunctions, and require more frequent maintenance as they 

get older. As a result, it is crucial to develop an effective re-

placement model that establishes the ideal interval between 

fleet vehicle replacements. This keeps the business operating 

smoothly and gives it a competitive edge. Transportation 

businesses confront the challenging issue of maintaining and 

optimizing their fleets of vehicles while keeping up with the 

rapid improvements in technology and the growing worries 

about the environment in today's rapidly changing business 

landscape. 

Transport businesses can minimize maintenance and repair 

expenses while maintaining an ideal fleet size with the sup-

port of a well-planned replacement model. To choose the 

best time for replacement, it entails evaluating a number of 

variables, including the age, mileage, fuel economy, safety 
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features, and general performance of the car. This deci-

sion-making process needs to be carefully weighed against 

other considerations, such the state of the market and finan-

cial limitations. 

However, because old cars are more likely to have expen-

sive breakdowns and have lower fuel efficiency, it can be 

difficult to discover the best way to replace them. In order to 

properly address this issue, businesses need to create a thor-

ough plan that takes into account all pertinent variables, in-

cluding market conditions, vehicle usage patterns, and 

maintenance histories. 

When it comes to replacing the cars in their fleets, trans-

portation companies have a lot of issues to take into account. 

The age of the cars is one of the most crucial variables be-

cause older models typically need more upkeep and repairs, 

which may be expensive both financially and in terms of 

time. Furthermore, fuel economy is a crucial factor to take 

into account because cars with higher fuel efficiency can 

lower their gasoline-related expenses. 

Technological developments are another important factor 

for transportation businesses who are looking to replace their 

fleets. Modern cars are frequently outfitted with cutting-edge 

safety features and other technical innovations that can raise 

overall operational efficiency and driver safety. 

Over the years, a large number of scholars have examined 

the difficulties associated with equipment replacement as a 

crucial topic in operation research and management tech-

niques. According to this principle, a machine should be 

changed when a specific amount (component) of the product 

that the machine produces stops working. It is necessary to 

replace such an unserviceable element as soon as it is dis-

covered in order to restore the product's functionality. 

Offiong et al. [1] investigated how to create a program for 

road transport companies to replace their vehicles. In their 

article, they proposed a workable replacement strategy for a 

transportation firm. To establish an appropriate replacement 

interval for different vehicle classes, annual maintenance 

expenses, depreciation costs, and a replacement model ac-

counting for the value of money were developed. To estab-

lish fair prices that support both a profitable program and a 

successful vehicle replacement program, a fee model was 

developed. 

In 1982, Russel worked on the replacement of vehicles. 

The study focused on British Gas vehicle replacement. The 

project modified the conventional method of replacing vehi-

cles. 

Optimal Fleet Replacement: A Case Study on a Spanish 

Urban Transport Fleet was completed by Riechi et al. [2]. 

The primary goal of the study was to create a combined asset 

management support model based on the relationship be-

tween the Life Cycle Cost tool and the Monte Carlo simula-

tion math model. This was accomplished by conducting a 

stochastic analysis that took into account both age and aver-

age annual mileage to determine the best time to replace a 

vehicle. 

Boudart [3] examined the effects of market fluctuations, 

budget constraints, fleet cost variability, and bus replacement 

modeling on fleet costs and the optimal age of replacement 

in King County, Washington State. The objective was to 

assist fleet managers in calculating the expenses associated 

with either an early or delayed replacement of a bus, as well 

as the effects of market variability on fleet costs and the ideal 

replacement age. 

A comprehensive list of minimal repair models for the ef-

ficient planning of minimal repair and maintenance actions 

was provided by Jadi and Ojo [4] study of replacement mod-

els with minimal repair, which involved a review of a num-

ber of works by renowned experts on the topic of minimal 

repair in replacement policies. 

The problem model of machinery replacement was exam-

ined by Ekeocha et al. [5]. The study looked at how deterio-

ration affected resale value. The Monte Carlo simulation was 

used in the study to produce values of degradation as random 

numbers under the uniform probability distribution. The 

method of solution, the dynamic programming enumeration 

process, was chosen. Field data from several industries was 

used to validate the model's calibration and outcomes. Lastly, 

a comparison was made between the model's output and that 

of other models. In essence, the findings indicated that the 

best intervals for replacement were between 4 and 6 years for 

construction equipment, 16 and 20 years for pharmaceutical 

equipment, 13 and 17 years for plastic machinery, and 6 and 

9 years for transport vehicles, provided that regular and 

timely corrective maintenance was performed. The outcomes 

additionally demonstrated the model's dependability, func-

tionality, and ease of use. 

Kparib et al. [6] developed a bus replacement model for 

Ghana's state-run transportation firm, Kumasi. Their task 

was to come up with a plan for the destruction and replace-

ment of the higher bus that would minimize the overall cost 

while accounting for salvage values, operating costs, and 

money earned. Information regarding the revenue produced, 

operating costs, and salvage values of the bus over time was 

gathered from the State Transport Company Office located in 

Kumasi. Dynamic programming proved to be the solution to 

the problem. It was discovered that the bus company ought 

to discard its vehicles whenever they reach the age of two. 

Enogwe et al. [7] used knowledge of both the variable re-

placement cost and the probability distribution of failure 

times to study the Modified Replacement Model for Items 

that Fail Suddenly. Modified cost functions were derived for 

the implementation of both individual and group replace-

ments. The age at which item replacement would be appro-

priate was determined by applying the principle of classical 

optimization to the modified cost functions. The criteria that 

should be used to implement the individual and group re-

placement policies were determined. The theoretical asser-

tions of this work were validated using two real data sets on 

LED bulb failure times and replacement prices. Essentially, 

for data sets I and II, the goodness-of-fit test was performed 

http://www.sciencepg.com/journal/sjams


Science Journal of Applied Mathematics and Statistics http://www.sciencepg.com/journal/sjams 

 

66 

to determine the proper probability distribution of failure 

times and replacement prices, respectively. According to the 

goodness-of-fit analysis, LED bulb failure rates for data sets 

I and II, respectively, follow the Laplace and Smallest Ex-

treme Value distributions. Individual replacement costs were 

also found to follow the two-parameter Largest Extreme 

Value and Gamma distributions for data sets I and II, respec-

tively. 

Additionally, it was discovered that, for data sets I and II, 

respectively, the group replacement cost followed the 

two-parameter Weibull distribution and the log-normal distri-

bution. They found that, for both the present model and the 

suggested model, individual replacement policy minimizes 

costs more effectively than group replacement policy, based 

on the empirical study. The suggested replacement policy was 

advised above the current one in light of the results since it 

produced lower replacement costs than the current replace-

ment model. 

In his work [8], modeled replacement problem as a finite, 

irreducible, homogeneous Markov Chain using a Markov 

decision process and then, the instance was optimized using 

dynamic programming. Their model includes a reward func-

tional, that could be more useful in processing industries 

because it considered incomes, maintenance costs, fixed costs 

to replace equipment, purchase price and salvage values. 

Using system dynamics methodology [9] studied the In-

ternational Humanitarian Organizations dual mission of relief 

and development in stochastic operations with different levels 

of earmarked funding. Focusing on metrics of equity and 

efficiency they discovered that earmarked funding and relief 

programs affect operations in counter-intuitive ways. Due to 

the interaction of dual mission and earmarked funding, a 

system with local procurement and a short lead time con-

sistently took longer to supply transportation for disaster 

response (relief) than a system with global procurement and 

high lead time. 

A lot of works have been done on fleet management and 

transportation planning. Such works are [10] who worked on 

optimization model for bus fleet replacement with budgetary 

and environmental constraints, the study [11] carried out 

research on Driver management practices of motor carriers 

with high compliance and safety performance, the study [12] 

researched on the administrative factor in the development of 

transportation companies. 

The study [13] used Dynamic programming approach to 

handle bus replacement policy for Metro-Mass Transit Lim-

ited-Kumasi Depot. The study [14] developed and demon-

strated a simulation model for patrol-vehicle replacement and 

maintenance analysis. The model was developed in the form 

of a Q-Gert network, and, demonstrated via a case example of 

an urban patrol fleet of 100 vehicles. 

With God is Good Motors as a case study, the researchers 

want to apply replacement theory in a transportation compa-

ny. Their goals are to: identify the important factors impact-

ing vehicle replacement decisions in a transport company. 

Create a thorough replacement model that incorporates these 

elements and offers a methodical approach to car replace-

ment; assess the suggested replacement model using data 

analysis and case studies; and decide when the business will 

replace its fleet of vehicles. 

2. Scope of the Study 

The study examined the Replacement model in Transport 

company, using the GIG Motors, Port Harcourt Terminal, in 

Obio/Akpor Local Government Area, Rivers State. 

3. Methodology 

3.1. Replacement Model 

The issue of replacement arises when work-performing 

units—such as people, machinery, equipment, parts, 

etc.—degrade or break down suddenly or gradually, render-

ing them less useful or effective. It is possible to lower 

maintenance and other overhead costs by frequently replac-

ing them with fresh ones. But, these substitutions would ne-

cessitate higher capital expenditures for new ones. 

3.2. Types of Failure 

The term ‘failure’ here will be discussed in the context of 

replacement decisions. 

There are two types of failures: 

1) Gradual failure, and 

2) Sudden failure. 

Gradual Failure 

Gradual failure is progressive in nature. That is, as the life 

of an item increases, its operational efficiency also deterio-

rates. This results in: 

1) increased running (maintenance and operating) costs 

2) decrease in its productivity 

3) decrease in the resale or salvage value Mechanical 

items like pistons, rings, bearings, etc., and automobile 

tyres fall under this category. 

Sudden Failure: This type of failure occurs in items af-

ter some period of desired service rather than deteriora-

tion while in service. The period of desired service is 

not constant but follows some frequency distribution 

which may be progressive, retrogressive or random in 

nature. 

1) Progressive failure: If the probability of failure of an 

item increases with the increase in its life, then such a 

failure is called a progressive failure. For example, light 

bulbs and tubes fail progressively 

2) Retrogressive failure: If the probability of failure in the 

beginning of the life of an item is more but as time 

passes the chances of its failure become less, then such 

failure is said to be retrogressive. 
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3) Random failure: In this type of failure, the constant 

probability of failure is associated with items that fail 

from random causes such as physical shocks, not relat-

ed to age. For example, vacuum tubes in air-born 

equipment have been found to fail at a rate independent 

of the age of the tube. 

3.3. Types of Replacement Problem 

Replacement problems to study include: 

1) Replacement of items that deteriorate with time. 

2) Replacement of items that break down completely, 

3.3.1. Replacement of Items That Fail Completely 

Throughout actual life, we are constantly faced with cir-

cumstances where an object fails suddenly rather than gradu-

ally (such as an electric lightbulb breaking down). The sys-

tem might completely collapse if the component fails. Pre-

ventive replacement is frequently the best course of action if 

the failure's timing can be determined. It might not always be 

feasible to precisely estimate the failure time, though. In 

these situations, we'll suppose that, using historical data, the 

failure time probability distribution may be found. In this 

case, it is assumed that the failure only happens at the end of 

a predetermined amount of time, say till time (t). The chal-

lenge is figuring out the ideal value. 

We shall consider the following two types of replacement 

policies: 

Individual replacement policy: Under this policy, an item is 

replaced immediately after its failure. 

Group replacement policy: Under this policy, we take de-

cision as to when all the items must be replaced, irrespective 

of the fact that items have failed or have not failed, with a 

provision that if any item fails before the optimal time, it may 

be individually replaced. 

3.3.2. Replacement of Items that Deteriorate with 

Time 

Generally, the maintenance cost of certain items, e.g., 

machine, always increases gradually with time and a stage 

comes when the maintenance cost becomes so large that it is 

better and economical to replace the item with a new one. 

There may be a number of alternative choices and in each 

choice, we make a comparison between various alternatives 

by considering and safety risks, etc. 

Case – 1: Replacement Policy when Value of Money does 

not change with time 

Replacement Policy: The cost of maintenance of a ma-

chine is given as a function increasing with time, whose 

scrap value is constant. 

1) If time is measured continuously then the average an-

nual cost will be minimized by replacing the machine 

when the average cost to date becomes equal to the 

current maintenance cost. 

2) If time is measured in discrete units, then the average 

annual cost will be minimized by replacing the machine 

when the next period’s maintenance cost becomes 

greater than the current average cost. 

Here, the goal is to ascertain the ideal age for replacement 

for a piece of machinery or other item whose operating and 

maintenance costs rise over time while the value of money 

stays constant. Items that break down over time become more 

expensive to operate and maintain as their salvage value de-

creases. This would compute the equipment's average cost 

using a basic replacement model. 

Given that time is quantified in discrete units, the equip-

ment's average cost consists of the following components. 

1) The purchase price of the equipment 

2) The salvage value of the equipment 

3) The running cost of the equipment. 

Thus, the total cost of the equipment= purchase price -salve 

value +maintenance cost. 

Using, 

C=purchase price 

S= salvage value 

R (n)= total Running cost for n period 

Total cost after n years 

T(n) = C-S+ΣR(n) 

And the average cost for each nth year is given by 

A(n) = 
𝑇(𝑛)

𝑛
 

The decision to replace would be the nth year with mini-

mum A(n). 

Case 2. Replacement Policy when Value of Money does 

change with time 

Replacement Policy for Items Where Money Changes 

Constantly Throughout a Period but Running Cost Increases 

with Time Money's worth criterion: A replacement decision 

must be based on a comparable annual cost if the time-value 

of money is to be taken into account. For instance, if Rs 100 

has an interest rate of 10% annually, the amount that needs to 

be spent after a year will be Rs 110. Another name for this is 

worth of money. Furthermore, the depreciation ratio, often 

called the discounted factor, is the value of money that de-

clines at a steady rate. 

The amount needed to accumulate funds at compound in-

terest large enough to cover the necessary expense when it 

becomes due is known as the discounted value. For instance, 

if the interest rate on Rs 100 is r percent annually, then 

d = (
1

100+𝑟
)n 

will be the present value, or worth, of Rs 100 that needs to be 

spent after n years. 

Where d is the discount rate or depreciation value. After 

calculating depreciation value, we need to determine the 

critical age at which an item should be replaced so that the 
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sum of all discounted costs is minimum. 

Present worth factor criterion: 

In this case the optimal value of replacement age of an 

equipment can be determined under the following two situa-

tions: 

(i) The running cost of an equipment that deteriorates over 

a period of time increases and the value of the money de-

creases with a constant rate. If r is the interest rate, then: 

Pwf = (1 + r) –n 

is called the present worth factor (Pwf) or present value of 

one rupee spent in n years from time now onwards. But if n = 

1 the Pwf is given by: 

d = (1 + r)-1 

where d is called the discount rate or depreciation value. 

(ii) The money to be spent is taken on loan for a certain 

period at a given rate under the condition of repayment in 

installments. 

The replacement of items on the basis of present worth 

factor (Pwf) includes the present worth of all future ex-

penditure and revenues for each replacement alternatives. An 

item for which the present worth factor is less, is preferred. 

Let: 

C = purchase cost of an item, 

R = annual running cost 

n = life of the item in years, 

r = annual interest rate 

S = scrap (or salvage) value of the item at the end of its 

life 

Then the present worth of the total cost during n years is 

given by: 

Total cost = C + R (Pwf for r% interest rate for n years) – S 

(Pwf for r% interest rate for n years) 

If the running cost of the item is different for its different 

operational life, then the present worth of the 

total cost during n years is given by: 

Total cost = C + R (Pwf for r% interest rate for i years) – S 

(Pwf for r% interest rate for i years) 

where i = 1, 2,..., n. 

Replacement Policy: 

If the maintenance cost increases with time and the money 

value decreases with constant rate, i.e. its depreciation value 

is given, its replacement policy would then be based on the 

following: 

(a) Replace if the running cost of next period is greater 

than the weighted average of previous cost. 

(b) Do not replace if the running cost of the next period is 

less than the weighted average of the previous costs. 

3.3.3. Replacement of Items That Fail Completely 

In this, the predicting the exact failure time may not be 

feasible. Thus, probabilities of the time of failure is calculated 

using previous experience with the items. Numerical based 

upon Replacement Problem of items that fails suddenly. It is 

usually very difficult to predict the time when particular 

equipment will fail suddenly. This problem can be overcome 

by determining the probability distribution of failures. Also, 

it is presumed that the failure occurs only at the end of the 

period say t. Thus the objective is to find the value of t which 

minimizes the total cost involved for the replacement. In 

such situation, there are two types of replacement policies 

are being followed: 

Individual Replacement: 

Policy Under this policy, an item (machine or equipment) 

is replaced individually as when it failed. This ensures 

smooth running of the system. 

Group Replacement Policy: 

It can occasionally be expensive to replace an item or items 

right away when they break. A group replacement policy is 

recommended in these situations. According to this policy, 

items are replaced without waiting for their failure until the 

end of an appropriate amount of time. However, if any item 

fails before the time stated, it may also be replaced separately. 

In group replacement policy, we need to notice the fol-

lowing: 

1) the rate of individual replacement during the specified 

time period 

2) the total cost incurred for individual as well as group 

replacement during the specified time Obviously, a time 

period shall be considered optimal time for replacement 

when the total cost of replacement is minimum. In order 

to calculate optimal time period for replacement, the 

data on 

a. probability of failure, 

b. loss incurred due to these failures, 

c. cost of individual replacement, and 

d. cost of group replacement, are required. 

Remark: The group replacement policy is suitable for a 

large number of identical low cost items that are likely to fail 

with age and for which it is difficult as well as not justified 

to keep the record of their individual ages. 

Group Replacement Policies: 

1) Group replacement should be made at the end of the 

period, t, if the cost of individual replacements for the 

period t is greater than the average cost per period 

through the end of period t. 

2) Group replacement is not advisable at the end of period 

t if the cost of individual replacements at the end of pe-

riod t – 1 is less than the average cost per period 

through the end of period t. 

Let 

M(t) = number of items surviving at time t 

M(t-1) = number of items that will survive at time (t-1) 

N = total number of items failing in the system 
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The probability of the items failing during the t and t-1 in-

tervals is given by 

𝑃𝑗= 
𝑀(𝑡−1)−𝑀(𝑡)

𝑁
 

And the conditional probability that any item will survive 

upon age (t-1) and will fail in thr next period is given by 

𝑃𝑖= 
𝑀(𝑡−1)−𝑀(𝑡)

𝑀(𝑡−1)
 

The total number of items to be replaced at a period t 

∑ 𝑁𝑖
𝑛
𝑖=0 𝑃𝑗  where i+j =n 

Let  𝑖𝑛  be cost of individual replacement 

  𝑟    be cost of group replacement. 

Total cost of replacement 

TC = [∑ 𝑁𝑖
𝑛
𝑖=0 𝑃𝑗]X  𝑖𝑛 +𝑁0  𝑟    

Where N0 is the total items in the system 

Total Average Cost = 
𝑇 

𝑡
 for t

th
 time 

The decision is taken at the t
th 

time with minimum ATC. 

In this work, the Replacement Policy when Value of Money 

does not change with time was applied. 

4. Data Analysis 

4.1. Presentation of Data 

This section presents the purchase price, salvage value and 

running cost of Toyota Hiance Vehicle of GIGM motors Port 

Harcourt, for a period of 9 years. 

Purchase price (C): N16,000,000 

The scrap value (S): N7,500,000 (Assuming the scrap 

value is constant). Which is the current scrap value for Total 

Hiance, as given by the operation manager, GIGM Port 

Harcourt Terminal. The value was assumed constant since 

the firm did not provide the scrab values for other years. 

The Running Cost, as employed in this analysis, is dis-

played in Table 1 below for the nine-year period (2016–2023). 

Fuel, driver's compensation, tolls, licenses, and maintenance 

costs (repairs, replacement of parts, and routine service) are 

all included in the running costs. Since the company did not 

provide or grant the researcher access to a comprehensive 

breakdown of the expenditures, for privacy reasons, the entire 

operational cost was utilized. 

Table 1. The running cost of GIGM motors for a period of 9 years. 

Years (n) 1 2 3 4 5 6 7 8 9 

Running Cost  

(in naira) R(n) 
3,090,000 3,600,000 4,100,000 4,720,000 5,010,000 5,250,000 5,800,000 6,300,000 7,010,000 

Source: GIGM Port Harcourt Terminal Records, 2024. 

 

Figure 1. Bar chart representation of the running cost. 
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4.2. Analysis of Data 

In this section, the analysis of the formation of the Re-

placement model was carried and the Replacement policy was 

developed. 

Where; 

C=purchase price 

S= salvage value 

R (n)= total Running cost for n period 

Depreciation = C-S 

Total cost after n years 

TC = C-S+R(n) 

And the average cost for each nth year is given by 

ATC = T(n)/n 

Table 2. The Result Output of the formulation of the replacement model. 

Years (n) (1) Running Cost R(n) (2) 
Cumulative Running Cost 

𝚺R(n) (3) 

Depreciation 

C-S (4) 

Total cost 

TC=(3)+(4) (5) 

Average Total 

Cost ATC=(5)/n 

1 3,090,000 3,090,000 8,500,000 11,590,000 11,590,000 

2 3,600,000 6,690,000 8,500,000 15,190,000 7,595,000 

3 4,100,000 10,790,000 8,500,000 19,290,000 6,430,000 

4 4,720,000 15,510,000 8,500,000 24,010,000 6,002,500 

5 5,010,000 20,520,000 8,500,000 29,020,000 5,804,000 

6 5,250,000 25,770,000 8,500,000 34,270,000 5,711,667 

7 5,800,000 31,570,000 8,500,000 40,070,000 5,724,286 

8 6,300,000 37,870,000 8,500,000 46,370,000 5,796,250 

9 7,010,000 44,880,000 8,500,000 53,380,000 5,931,111 

 

From table 2 above, it is seen that the average total cost A(n) 

is minimum at the end of the 6th year and from the next year, 

that is the 7th year onwards, the value of A(n) increases. Thus, 

a decision of replacement of the vehicle, would be right to be 

taken on the 6th year. 

5. Summary and Conclusion 

5.1. Summary 

This study provided a thorough investigation of the for-

mulation, application, and assessment of strategic vehicle 

replacement plans in the transportation sector on the subject 

of replacement models in transport companies. The study 

tackled sustainability issues, improved fleet management, and 

operational efficiency by highlighting the significance of 

timely vehicle renewal. The thesis provided a methodical 

framework for creating and executing a replacement model 

that is customized to the unique requirements and limitations 

of transportation firms. This covered the gathering of data and 

the creation of the model in addition to addressing potential 

constraints and ethical issues. It was explained how the re-

placement concept was put into practice utilizing the GIGM 

transport company. 

5.2. Conclusion 

To sum up, the thesis on the replacement model in trans-

portation businesses offered a thorough analysis of the in-

dustry's strategic approaches to vehicle replacement. The 

study emphasized how important it is to replace vehicles on 

schedule in order to maximize fleet management, improve 

operational effectiveness, and handle sustainability issues. 

The thesis's conclusions emphasized the variety of ele-

ments—such as economic factors, technological develop-

ments, legal constraints, and environmental concerns—that 

affect replacement decisions. In order to achieve sustainable 

and effective fleet management methods, the thesis thus un-

derlined the significance of evidence-based decision-making, 

stakeholder engagement, and continual innovation. Transport 

firms can improve their competitiveness, sustainability, and 

long-term viability by incorporating economic, operational, 

and environmental factors. 
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Abbreviations 

GIG God Is God 

d The Discount Rate or Depreciation Value 

C Purchase Cost of an Item 

R Annual Running Cost 

n Life of the Item in Years 

r Annual Interest Rate 

S Scrap (or Salvage) 

R (n) Total Running Cost for n Period 

A(n) Average Cost for Each nth Year 

Pwf Worth Factor 

M(t) Number of Items Surviving at Time t 

M(t-1) Number of Items That Will Survive at Time (t-1) 

N Total Number of Items Failing in the System 
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