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a b s t r a c t 

Equipment of the Army encounters various modes of exploitation depending on the scenario in which it is used. 

Typically, the missions are followed by intervals which can be used for maintenance. This is a suitable condition 

for employment of selective maintenance strategy. However, this maintenance interval is bound by the con- 

straints of time, resources and desired reliability before the start of the next mission. This calls for optimization 

of maintenance activities that can be fitted into the maintenance break. There is also a requirement of having a 

forecasting technique for reducing the supply lead times. This paper lays out a methodology to use simulation 

for predicting failures in the army equipment. A Genetic Algorithm (GA) based approach is then used for opti- 

mizing the maintenance activities before the start of the maintenance break. The process of Simulation plus GA 

Optimization is automated using a program in MATLAB. The novelty of the work lies in modifying the process of 

Simulation and GA Optimization to suit the exact modus operandi employed by the Army in deploying equipment 

for peace, training exercise and war (mission with or without some maintenance break) separately. In addition to 

optimizing the maintenance activities, the methodology also helps in forecasting the requirement of spare parts 

both before and during the mission. 

© 2017 Elsevier Ltd. All rights reserved. 

1. Introduction 

Forecasting of the requirements of spare parts is a difficult exercise 

as the demand is uncertain and lumpy. There are added problems of 

obsolescence leading to incorrect stocking. There is also a large gap be- 

tween research and practice in the field of spare parts forecasting ( [41] ; 

[8] ; [2] ). The problem gets accentuated when dealing with spare parts 

of military equipment. The uncertainties associated with disruptions in 

the supply chain of spare parts due to enemy action or remoteness of 

the locations where the parts need to reach often amplify the problems 

associated with the forecasting of spare parts for military equipment. 

This paper develops a scientific spare parts forecasting methodology for 

military equipment while addressing the explicit requirements due to 

peculiar deployment patterns. The equipment of the army is charac- 

terized by intensive usage followed by periods of inaction. This makes 

them suitable for a selective maintenance strategy. This paper explains 

how a selective maintenance approach can be used in conjunction with 

the spare parts forecasting method in order to ensure desired levels of 

mission reliability while keeping the costs to a minimum. 

Maintenance can be defined as all activities necessary to keep a sys- 

tem in working order. Such activities may include inspection, lubri- 
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cation, adjustment, repair, replacement, etc. [28] . In the timeline of 

maintenance strategies, in the earlier times, repair was the only form 

of maintenance as the machines were allowed to run to failure (Cor- 

rective Maintenance, CM). This was owing to a lack of tools that could 

predict failures. Hedderich [17] indicated that the maintenance philos- 

ophy must change from a purely repair function to one that focuses 

on the operations of the equipment. Corrective maintenance had many 

drawbacks, which led to evolution of Preventive Maintenance or Time 

based Maintenance (TBM). However, TBM has its own problems. When 

the maintenance happens before it is required, it leads to avoidable 

loss of operation time and maintenance resources. In case such main- 

tenance approach is adopted for military equipment during peace time, 

the equipment remains unavailable for training of the crew for the pe- 

riod it remains in the workshop for maintenance. Considerable losses 

also occur due to unnecessary replacement of spare parts by the main- 

tenance teams. On the other hand, a delayed maintenance action can 

result in the equipment running up to failure, thereby leading to a loss 

of operation time and other related problems. Such outages for mili- 

tary equipment can have grave implications on the result of a battle. 

This led to the advent of Condition Based Maintenance (CBM) in which 

the condition of the equipment was continuously monitored before de- 

ciding on the maintenance action. CBM attempts to avoid unnecessary 

maintenance tasks by taking maintenance actions only when there is 

evidence of abnormal behavior of a physical asset. A CBM program, if 
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List of symbols 

Simulation 

R sys reliability of the system 

N ( i ) number of sub-system 

N ( i,j ) number of sub-block in i th subsystem 

N ( i,j,k ) number of component in a j th sub-block of i th sub- 

system 

R ( i,j,k ) reliability of k th component of j th sub-block in i th sub- 

system 

𝛽 shape parameter, also known as the Weibull slope 

𝜂 scale parameter 

t time to failure 

R ( t / A ) conditional probability at time t given that equipment 

has survived till age A 

A age of the component 

Optimization 

C ( i,j,k ) cost of k th component of j th sub-block in i th sub-system 

V ( i ,j,k ) binary variable which defines the state of the compo- 

nent after maintenance 

𝑉 ( 𝑖,𝑗,𝑘 ) 

{ 

1 if component is replaced during maintenance 
0 if component is not replaced during maintenance 

R sys system reliability 

R o desired Mission reliability 

R c s system reliability of critical components 

R ci reliability of critical component 

T m 

available maintenance time 

R ( i,j,k ) reliability of k th component of j th sub-block in i th sub- 

system 

R cs reliability of critical system 

C i critical component 

A ( i,j,k ) age of the component calculated from simulation 

T 2 mission duration, and 

B ( i,j,k ) age of the component after the maintenance 

properly established and effectively implemented, can significantly re- 

duce maintenance cost by reducing the number of unnecessary sched- 

uled preventive maintenance operations [20] . 

In many industrial environments, system is required to perform a se- 

quence of operations with finite time duration between these operations. 

Same is the case of military where the equipment is required to perform 

missions, with some time interval between each mission. These breaks 

between successive missions provide an opportunity to perform main- 

tenance on the component(s) of the system. The actual maintenance 

carried out on the equipment is often a mix of CM, TBM and CBM. Fur- 

thermore, it may not be possible to perform all desirable maintenance 

activities before start of the next mission due to limitation of mainte- 

nance resources like time, budget and repairman availability etc. In such 

cases, a subset of maintenance activities is chosen to ensure that the 

subsequent mission is successfully completed. This maintenance policy 

is called ‘selective maintenance ’ [28] . In the context of military equip- 

ment, this selection is at two levels. On the higher level, the selection 

is between the options of replacing a component vis-à-vis an assembly. 

This selection is constrained by the time available for the maintenance 

action and has a clear bearing on the cost associated with the action. 

Replacement of a component may take longer time but will still be a 

cheaper option than replacing the whole assembly. On the lower level, 

the selectiveness of the approach deals with which component or assem- 

bly should be replaced in order to achieve the desired mission reliability 

at the minimum cost while being constrained by the time available for 

maintenance. 

An important aspect of an effective maintenance system is to accu- 

rately forecast the failures such that resources can be pre-positioned to 

reduce equipment downtime. The pre-positioning of repair teams and 

other resources will reduce the logistics delay to a large extent, thereby 

ensuring greater availability of equipment in the dynamically chang- 

ing battlefield. Spare parts replenishment and maintenance are closely 

related logistics activities where maintenance generates the need for 

spare parts [42] . In this paper, we develop a methodology for applying 

selective maintenance to a set of equipment and forecasting the require- 

ments of spare parts needed to carry out maintenance. The equipment 

that is chosen for development of the proposed methodology is the tanks 

used by the army. In this paper, we have developed separate forecasting 

methodologies for peace, exercise and war modes which are specific to 

employment of equipment in the army. 

In the next section, the literature from the field of selective main- 

tenance and maintenance optimization is discussed. In Section 3 , the 

employment pattern of tanks during various phases like peace, training 

exercise and war is described in detail. This is followed by brief descrip- 

tion of the methodology being adopted in the study. In Section 4 , model 

formulation for optimization of selective maintenance of tanks using 

genetic algorithm is presented. In Section 5 , the developed approach is 

demonstrated for use during different scenarios. This is followed by a 

discussion of the results in Section 6 and conclusion in Section 7 . 

2. Literature review 

This section is dedicated to the review of literature in the fields of 

selective maintenance and forecasting. The paper also discusses the lit- 

erature related to the impact of spare parts forecasting and maintenance 

optimization on each other. Finally in this section, the literature related 

to inventory control in military logistics is discussed. The section is con- 

cluded by identifying the research gaps. 

Selective Maintenance was introduced by Rice et al. [30] on a sys- 

tem that is employed in various missions, with small windows avail- 

able during subsequent missions to carry out maintenance. The sys- 

tem was considered to be comprising of a number of serially connected 

sub-assemblies, each sub-assembly having numerous parallel connected 

components. The components were assumed to be having a constant fail- 

ure rate. The authors considered limited time as a constraint; the aim 

of the model being maximizing the reliability of the system. Chen et 

al. [7] proposed a model for optimization of maintenance in multi-state 

systems and used shortest path method to solve the problem. Cassady et 

al. [6] extended the work by developing the model that can be applied 

on more complex systems. The authors also introduced cost as one of the 

constraints. The model was then used for solving three different objec- 

tive functions; optimizing one of three factors with the other two being 

the constraints. Cassady et al. [5] further extended the work to include 

the components having increasing failure rate, i.e. having Weibull dis- 

tributed life. The model also is an improvement to the other models as it 

considers both component repair and component replacement scenarios. 

The authors used simple enumeration to solve the problem which was 

further improved to reduce computation timings by Rajagopalan and 

Cassady [29] . Lust et al. [24] extended the work of Cassady et al. [5] . 

The problem considered was similar to Rice et al. [30] where reliability 

was required to be maximized with time being a constraint. However the 

authors propose a heuristic, an exact branch and bound procedure and 

tabu search for solving the optimization problem. Pandey et al. [28] pro- 

posed that the possible choices of maintenance activity were not only 

minimal repair and replacement; but also several imperfect maintenance 

options. Dao et al. [10] use genetic algorithm to solve a model which 

considers multi-state system where maintenance actions are economi- 

cally dependent. The paper assumed that the cost and time of repairing 

similar components reduces as setting-up times are reduced. Schneider 

and Cassady [32] propose a cost-based optimization model that maxi- 

mizes the expected value of the number of successful missions; extend- 

ing the model to a fleet rather than individual machine. 
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