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Abstract-Selective Maintenance is an effective maintenance 

strategy that can produce excellent results for army tanks that 

get small maintenance breaks during missions. However, in 

order to reduce time for analysis, the criticality of spare parts 

must be considered. The analysis must also consider the 

environmental and usage effects while setting target desired 

reliability. This paper proposes methodologies for classification 

of spare parts and target reliability allocations in different 

environmental and usage conditions.   
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I. INTRODUCTION 

odern world is faced with numerous conflicts. As the 

world population increases, the fight for limited 

resources like oil and water is going to get even worse. There 

are increasing numbers of threats that are compelling the 

nations to maintain and modernize their armies. International 

terrorism and regional conflicts are forcing the armies to 

acquire greater number of weapon systems and spend 

increasingly larger amounts of money in maintaining them. 

On the other hand, the armed forces are under constant 

pressure to reduce unnecessary waste and decrease costs 

(Tatham & Worrell 2010). The armies are confronted with the 

pressure to ensure efficiency while, at the same time, taking 

into consideration the pressure to ensure operational 

effectiveness (Essig et al. 2010). 

The army equipment is typically used for training exercises or 

missions for short durations. The intervening periods are used 

for normal daily running of the tanks. When the tanks are 

being operationally employed, the exploitation is in short time 

windows followed by short breaks for maintenance. These 

maintenance breaks often present themselves without 

warning. These breaks between successive missions provide 

an opportunity to perform maintenance on the component(s) 

of the system. The actual maintenance carried out on the 

equipment is often a mix of CM, TBM and CBM. 

Furthermore, it may not be possible to perform all desirable 

maintenance activities before start of the next mission due to 

limitation of maintenance 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‟ (Pandey et al. 2013). 

Any analysis for selective maintenance has to be conducted 

with desired target reliability in mind. The criticality of the 

spare parts that are used for maintenance will have an impact 

on the target reliability of the system; in this case, a tank. In 

addition, the operating environment and the typicality of 

usage by the operator have a large impact on the overall 

reliability of the equipment. These factors must be considered 

before any fruitful and accurate analysis can be done for 

selection of maintenance tasks during short maintenance 

opportunities that present themselves during a mission.  

This paper proposes a methodology to classify the spare parts 

of the tanks based on their criticality. A novel method of 

three-axis criteria has been suggested in Section 2. The paper 

then presents a method for target reliability allocation for non-

critical components in Section 3. Section 4 of the paper is 

dedicated towards dealing with effects of environmental 

conditions on the reliability of the equipment. In Section 5 of 

the paper, the effects of operator usage on the tank reliability 

have been discussed. The results of the paper have been 

presented in Section 6 of the paper. The paper is concluded in 

Section 7 with possible future directions for research in this 

field.  

II. SEGREGATION OF SPARE PARTS BASED ON 

CRITICALITY 

The spare parts in the tank can be divided as being critical and 

non-critical. This classification can help in a number of ways. 

As the non-critical spare parts can be dealt separately, the 

efforts and expenditure during the maintenance window can 

be focussed on tackling the failures of the critical spare parts. 

This will largely decrease the man-hours required to carry out 

maintenance, especially when there is limited time available 

before/during the mission. Sorting out the non-critical 

components will also decrease the computational time and 

resources required for carrying out the analysis for selective 

maintenance in the window of opportunity.  

The criticality of the spare part depends on various criteria. 

There are a number of spare parts which affect the tank, but 

not enough to render it unserviceable. It was felt necessary to 

M 
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devise a methodology for classification of the spare parts. The 

methodology involved differentiating the spare parts based on 

the severity of the failure and also the effort required to 

replace it. This differentiation was to be made based on the 

role of the tank.  

In any mission that the army undertakes in desert/semi desert 

and plains, tank is an important constituent of the fighting 

force. The tanks have been increasingly used in urban warfare 

too. The tanks provide a lethal combination of firepower, 

mobility and protection to the own troops. Most missions 

require tanks for softening of the target, manoeuvring the 

enemy into the killing zones as well as domination of the 

areas. Based on the strategic and tactical employment of the 

tanks, their roles are classified in table 1. The rankings are 

done on 1-5 scale with 5 denoting most vital role of the tank 

in fulfilling the objectives of the mission.              

Table 1: Classification of role of tanks 

Rank 
order 

Criteria 

5 
Tank`s role is highly important for mission objective to be 

achieved 

4 
Tank`s role is of medium importance for mission objective to 

be achieved 

3 Tank`s role is important for mission objective to be achieved 

2 
Tank`s role is required but not for mission objective to be 

achieved 

1 Tank`s role is not required for mission objective 

The tanks are versatile machines that have various types of 

roles in the battlefield. The role can vary from tank-to-tank 

battle, shock action, infantry carrying, delivery of firepower, 

act as pill box, etc. The main four facets of a tank that are 

utilised for performing any role are as given below. 

 Firepower 

 Mobility 

 Protection 

 Communication 

The severity of failure can be defined in terms of incapability 

of the tank to perform its intended role due to the failure of the 

part/sub assembly. Certain roles like tank-to tank battle will 

require the tank to be in top condition on all of the four facets 

mentioned above. Any failure that results in diminishing of 

the tanks capability in any of the four facets will greatly 

reduce the chances of survival of that tank. On the other hand, 

the task of carrying the infantry can be fulfilled without the 

firepower or the communication facets working. Based on 

these facets, the failure severity can be classified as given in 

table 2. The failure severity is classified from rank order 1-5. 

Failure severity 4 denotes the component whose failure causes 

the tank capable of performing only a fairly simple task 

utilizing just one of the four facets. In other words, in case a 

failure occurs which renders the tank immobile and unable to 

fire, it can still be used for observation and relay of 

information through the still functional communication 

system. The failure severity is regarded high as the tank is 

incapable of performing majority of the tasks that it is 

expected to carry out in a battle. On the same lines, the tank is 

fully functional when all components are working optimally. 

A small failure, say of the stabilization of the gun during 

move, will render it incapable of firing on the move and 

diminish its firepower. The tank will still be able to perform a 

large number of tasks that involve moving, communicating, 

firing while being stationary, etc. Such a failure can be 

classified having a severity of 2.                                                          

Table 2: Failure Severity 

Rank  Criteria 

5 Incapable of performing any role 

4 Capable of performing only those roles that require only one 

of the facets working 

3 Capable of performing roles that require two of the four 

facets working  

2 Capable of performing roles that require three of the four 

facets working properly 

1 Capable of performing roles that require all four facets i.e., 
firepower, mobility, protection and communication 

The classification of the spare parts based on these two 

criteria i.e., Role of the Tank and Severity of Failure is 

represented in figure 1. The colour coding determines the risk 

associated of the failure as determined by the commander 

planning the mission. During the process the criticality is 

determined and annotated in the appropriate box as a point 

estimate.  

 

Figure 1: Criticality Risk Index 

Each of the spare part fitted in the tank poses different 

problems to the mechanic who is trying to replace it. There 

are certain spare parts that are easily replaceable, while there 

are others that require more time and effort to replace. Some 

of the spare parts can easily by removed using the basic tools 

of the mechanic, while there are others that require special 
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skills as well as tools to remove them. Various categorizations 

of the spare parts based on the „Ease of Replacement‟ criteria 

are given in table 3. The spare parts ranked 1 on this criterion 

are the easiest to replace whereas those ranked 5 take most 

amount of time, effort and skill. 

Table 3: Ease of Replacement 

Rank 
order 

Criteria 

5 
Requires Special Tool for repair /replacement and takes more 

than X hrs 

4 
Requires more than X hrs for repair/replacement without 

Special Tools 

3 
Requires Special Tools for repair/replacement but takes less 

than X hrs 

2 
Repair/replacement takes less than X hrs without Special 

Tools 

1 Takes Y hrs without Special Tools 

A Hazard Risk Criteria has been developed that considers the 

three criteria that have been explained earlier. In order to 

further elaborate the classification methodology, an example 

is given below. In the example, the role of the tank has been 

considered as vital (rank 5). The critical and non- critical 

spare parts are segregated based on their ranking on the three 

criteria in table 4. As the data deals with tanks of the army, for 

the sake of confidentiality, the names of the assemblies have 

been masked. Total of 2 sub system level assemblies have 

qualified as non-critical.  

Table 4: Criticality based on three criteria  

Sub 

System 
Role of Tank 

Severity of 

failure 

Ease of 

Replace

ment 

Criticality 

A 5 5 5 C 

B 5 4 4 C 

C 5 2 2 NC 

D 5 2 2 NC 

E 5 4 2 C 

F 5 3 3 C 

G 5 3 4 C 

H 5 2 4 C 

J 5 4 4 C 

K 5 3 2 C 

For example the assembly C is rated non-critical. The tank 

role is considered vital, hence the ranking 5 is allotted to role 

of the tank. The failure of assembly C will render the Tank to 

perform roles that require three of the four facets working 

properly and hence is ranked 2 on „severity of failure‟ 

criterion. The resulting in-conclusiveness about the 

classification of the spare part C can be resolved with the help 

of third criterion, i.e., „ease of replacement‟. Since the 

replacement of the assembly requires less time than the time 

stipulated as X and doesn‟t require special tools for it, it is 

classified as non-critical for mission. Similarly, assembly H 

has the same ratings of „tank role‟ and „severity of failure‟ but 

is still classified as critical due to the higher time required for 

replacement which will render the tank unavailable for the 

mission. 

The classification of the tank parts as critical and non-critical 

is a dynamic process that will change as per the role of the 

tank in a given scenario. This classification will improve the 

process of selective maintenance as the non-critical 

components are segregated using this methodology. The 

selective maintenance analysis will require lesser time. In 

addition, as the maintenance teams have to focus only on the 

critical components, the repair will take lesser amount of time 

and effort. 

III. TARGET RELIABILITY ALLOCATION FOR NON-

CRITICAL COMPONENTS 

The overall plan of the Operational Commander dictates the 

mission reliability. This mission reliability cannot be 

compromised and is required to be achieved at all cost. It is 

appreciated that since all participating equipment needs to 

fulfil this mission reliability, the target reliability for the Tank 

as a system should be greater than or equal to the mission 

reliability given by the Commander. 

One of the purposes of system reliability analysis is to identify 

the weakness in a system and quantify the impact of 

component failures. The reliability importance is used for this 

purpose. These importance measures provide a numerical rank 

to determine which components are more important to system 

reliability improvement or more critical to system failure. The 

critical risk index in Figure 1 allows identifying such critical 

system in Tank. The sub systems should be allocated 

reliability based on their criticality for the role. 

Since the critical components need to perform during the 

duration of the operation for the system to perform, they are 

allotted the same or higher reliability which has been allotted 

to the mission by the Commander. However, the reliability of 

the non-critical components can be much lower than that of 

the critical components. Keeping the mission reliability of the 

non-critical components higher than what is required will 

increase the effort, time and cost required to replace them 

which may not even be necessary if their target reliabilities 

are optimized. Non critical system reliability has been 

optimized using the framework described ahead. The 

participation of the Tank as a system in a mission and to 

perform its intended role without any delay or loss of 

efficiency in the given operational profile is the mission 

reliability of the Tank. Therefore the objective function for 

reliability allocation has been built considering cost not in 

terms of money but as a “penalty cost” due to delay during 
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breakdowns and subsequent maintenance actions on those 

breakdowns. 

Minimize cost    ∑   
   
                 …… (1) 

s.t. 

Rs ≥ Rm                                                                       …… (2) 

Where  

Rs= system reliability  

Rm = mission reliability 

Cj is the cost of breakdown of the j
th 

item 

Let the age of i
th

 component determined from simulation 

be Ai 

   
 
 (

    
  

)
  

 
 (

  
  

)
  

                                ……… (3) 

T is the mission duration, η and β being the parameters 

of the Weibull distribution. 

Now since the critical components are allotted the same 

reliability as the mission reliability  

   *∏    + *∏    + 
   
   

 
                    … (4) 

i=1, 2, 3….N 

j= number of critical components  

      N=Number of components in the system 

     N-j = Number of non-critical components in the system 

 Rc  is the reliability of critical components 

 Rnc is the reliability of the non-critical components  

     Cost Function Cj is given as under  

     

(   ).     /

                                 ……… (5) 

f= penalty due to ranking as per ease of replacement criteria 

lb = present level of reliability (lower bound), say 0.1 

ub= highest value of reliability for non-critical sub 

system(upper bound) 

The value of f has been assigned between 0.2-0.9 based on the 

ranking in the „ease of replacement‟ criteria and is given in 

table 5. As the factor (1-f) has been used in the equation, the 

target reliability of the parts that are more difficult to replace 

will be higher than those which have low ranking in the ease 

of replacement criteria.  

Table 5: Value of f based on ease of replacement of the part  

 

S.no 
Rank in the „Ease of Replacement‟ 

criteria 
Value of f 

1 Rank 5 0.2 

2 Rank 4 0.4 

3 Rank3 0.6 

4 Rank2 0.8 

5 Rank1 0.9 

The optimisation is carried out using genetic algorithm and 

the code has been written in MATLAB. The value of Rj is 

calculated through the algorithm. The target reliability for the 

non-critical components is lower than that of the mission 

reliability or critical component reliability. Lower reliability 

levels for non-critical components will further help in 

focusing more on those parts that are critical. This again will 

release the pressure not only on the computational resources 

but also the maintenance teams. Lesser time, effort and money 

will be utilized as the resources are focused on the critical 

parts only. 

IV. EFFECT OF OPERATING CONDITIONS ON THE 

EQUIPMENT 

Failure rates of mechanical components are not usually 

described by a constant failure rate distribution because of 

wear, fatigue and other stress related failure mechanism 

resulting in equipment degradation. Mechanical equipment 

reliability is more sensitive to loading, operating mode and 

utilization rate than electronic equipment reliability. Many life 

limiting failure modes such as corrosion, erosion, creep and 

fatigue operate on the component at the same time and have a 

synergised effect on reliability. Also the loading on the 

component may be static, cyclic or dynamic at different points 

during the lifecycle and the severity of loading may also be a 

variable. 

Predicting the reliability of mechanical equipment requires the 

consideration of its exposure to the environment and 

subjection to a wide range of stress level (Centre, 1998). 

Tanks in Army are stationed in peace locations in garage. 

They may be required to operate during training exercise or 

actual missions in different climatic environment than the 

peace location environment. Also the task allotted to a Tank 

may vary during the conduct of the actual missions.  

The current age of the components is found out before 

entering the mission. Since the equipment is going to operate 

in different environment, its equivalent age will be calculated 

for the new environment by using the inverse function as 

given below. It must be kept in mind that high ambient 

temperature range (0
0
-50

0
 Celsius) and contamination of oil, 

fuel and air due to sand/dust are major contributory factors 

that cause failures in tanks when they operate in deserts. 

 Current Age Ai  (   ) ,     (  )-
(
 

  
)
                       (6) 
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 (   )  
  

       
                             (7) 

Where, ct and cc are the correction factors due to 

temperature and contamination.  

In table 6, a sample list of components with the correction 

factors due to temperature and contamination is given. 

These are used to calculate the value of effective ηeff. It may 

be noted that certain components are not affected by either 

or both the temperature and contamination; and hence no 

correction values are allotted to them. 

Table 6: Corrected ηeff values due to Operating in Desert 

Component Cc Ct ɳ 
ɳ𝒆𝒇𝒇= 

ɳi/(cc*ct) 
β 

Crank Case - 1 13496 13496 3.88 

Starter Motor 1.25 - 8747 6997 2.83 

Fuel Pump 
Assembly 

1.5 1 8199 5466 3.62 

Nozzle 1.5 - 9634 6423 3.45 

Crank Shaft 1 1 9932 9932 2.188 

Cylinder Head 1.25 1 9331 7465 2.42 

FMA 1 - 13496 13496 3.88 

BP Kit 1 - 8333 8333 1.98 

CAM Shaft 1 1.3 28851 20983 1.79 

 

   
 
 (

    
 (   ) 

)

  

 
 (

  
 (   ) 

)

  
                             ……… (8) 

V. EFFECT OF OPERATOR USAGE ON THE 

EQUIPMENT 

Military operations are most dynamic in nature. This causes 

variable load on the equipment. For example, a Tank engine 

during actual mission will run in variable speeds including 

idling speeds due to the dynamic nature of the battlefield. 

This will have an effect on the ageing of engine with 

variable rate. Therefore it becomes essential to incorporate 

this variability of operation into our calculations. This can 

give us the indication of the proportion in which the engine 

will operate in different operational profiles. Since this is 

highly unpredictable due to fluidic nature of missions, user 

judgement will be most appropriate to figure out the most 

likely deployment of the Tank in a particular profile. 

The mission profile can be modelled as continuous time 

Markov chain where the state of the Tank at any given time 

will only depend on its previous state. The various states of 

a tank during a mission are listed in table 7. 

Table 7: States of a Tank in a Mission 

 

State No. State 

1 Tank Off 

2 Tank Static Engine Running 

3 Tank Marching in Lower Gear 

4 Tank Marching in Higher Gear 

During a mission, tank moving from one state to other is a 

Markov process and time spent in a particular state is 

independent of time spent in the previous state. Due to its 

memory-less property, the time spent in a state is 

exponentially distributed at a given rate; as and when the 

tank jumps from one state to other its characteristic life 

changes due to that state, and its virtual life is different from 

its actual life. The rate matrix Ri,j(t) is given in table 8. 

Table 8: Rate Matrix 

States 1 2 3 4 

1 0 r12 r13 0 

2 r21 0 r23 0 

3 r31 r32 0 r34 

4 r41 r42 r43 0 

Jump probabilities that are not likely to happen have been 

assigned a value of 0. For example, as it is not possible to 

jump from OFF or Static state to higher gear, the values of 

r14 and r24 are kept as 0. 

Mean Time spent in transition states 

  Wi= [   ,  ,  ,  ]            (9) 

  Pi,j(t)=P(X1=j|X0=i)= 
    

  
      (10) 

      = Σ                                  ……… (11) 

Where                   
 

  
                            ……… (12) 

Pi,j(t) are the jump probability from state i to state j, 

jump probability from state i to i is zero. 

   = is the rate at which Continuous time Markov Chain 

jumps from the state. 

The values of time spent in each of the states have been 

arrived at through expert judgment. These values are used to 

calculate the rate of jump and are listed in table 9. 

Table 9: Expected times in each state and rate of jump 

during a mission 

Time in each state wi Rate of Jump ri = 1/ wi 

w1 0.16667 hrs r1 6 

w2 0.4 hrs r2 2.5 

w3 0.3 hrs r3 3.33 

w4 0.0933 hrs r4 11 
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The corrections in the value of η due to usage of the tank in 

various states can be calculated from the equations given 

below. 

 ( ) = Correction factor due to Static Running *  (   )  

 (  )  = Correction factor due to Lower Gear Running 

* (   )  

 (  ) = Correction factor due to Higher Gear Running 

*  (   )  

Where 

ɳeff is the corrected value of base parameter in desert 

environment 

ɳs is the parameter due to static run 

 (  )  is the parameter due to running in lower gear 

 (  )  is the parameter due to running in higher gear 

Simulation is carried out using State Transition simulation 

in MATLAB. Uniform random number is generated 

X€{1,2,3,4} to generate the State. The sojourn time is 

generated from the exponential distribution using inverse 

function. The mean time Wi is estimated using the expert 

judgment method due to unavailability of such data with the 

military. It is also found the experts were found limiting in 

estimating the rate of transition from one state to other. Due 

to paucity of such data equal jump probabilities are assumed 

for simulation purpose. The values of correction factors due 

to operating in different states like static, lower gear and 

higher gear has been assumed after deliberate discussion 

with the various experts from the field. The correction 

factors are given in table 10. 

Table 10: Correction factors due to states of tank 

STATE Correction Factor of State 

OFF State 1 

Static State 1.571 

Lower Gear State 0.643 

Upper Gear State 1.072 

VI. RESULTS AND DISCUSSION 

Corrections due to Usage in Desert 

Consider the example of cam shaft component of the engine 

assembly. After the selective maintenance step the current 

age of cam shaft is zero. The component is required to 

perform for 100 hrs in its base environment and 

subsequently for 300 hrs in desert environment. 

The various parameters are as given in table 6 and 

enumerated below  

 η in base environment=28851hrs  

  η in desert environment = 20983hrs  

β =1.79  

Reliability for next 100 hrs of operation in base environment 

i.e. plains is given by the conditional reliability (Equation 3) 

R (100|0)    = 
 
 (

     
     )

    

 
 (

 
     )

    
    =    0.99996 

Equivalent age (Equation 1) = 20983*[-ln (.99996)]
(1/1.79) 

= 

72.7hr 

This means that the tank would age only 72.7 hrs while 

actually completing a 100 hr run in the base environment.  

Corrections due to Usage in various states 

Thereafter the Tank is deployed in a mission and is expected 

to carry out tactical maneuvers which entail the engine to 

run in different STATES. 

The time spent in the corresponding STATE is 

exponentially distributed with the corresponding rate as 

given in table 9 which is generated in MATLAB by 

command exprnd(ri). The STATE in which the Tank will be, 

is a random variable, at any given time which is simulated 

by randi(4) command in MATLAB. The integers are 

mapped with a particular STATE as given, for example 

integer 1 corresponds to STATE 1 and likewise. 

Say the command randi (4) generates the value of 1, that 

means the tank is in OFF STATE. The time which it spends 

in this particular state is generated from exprnd(6) as 6 is the 

value of ri in Off state from table 9. One such value is 

0.5937 which means that the tank will remain in this state 

for 0.5937 hrs.  

Now in STATE 1 reliability is given by equation 3 

R (72.7|0.5937) =
 
 (

           
     )    

 
 (

      
     )

    
  = 0.99996 

Say now the STATE changes to Static STATE. Therefore 

the equivalent age in new STATE is given by equation 1 

Equivalent age = 20983*1.571*[-ln (.99996)]
(1/1.79) 

= 115.10 

hrs 

Total time in the mission is 100 + 0.5937=100.6 hrs. In 

other words, the tank has actually run a total of 100.6 hrs 

but the virtual age of the cam shaft is 115.10 hrs. The steps 

in above paragraph are repeated till the time total mission 

duration of 400 hrs (actual running of tank) as required in 

the scenario is achieved. The simulation was done for 10000 

iterations.  

The comparative summary of the result is tabulated in table 

11. Column 2 gives the reliability derived from method 

which is currently in practice i.e. by switching 'ON' and 

testing the sub systems. It is evident that the value in 

Column 2 is far less than the target reliability. Selective 

maintenance approach enables the system to bring up its 
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reliability in a cost effective manner which is given in 

Column 3 and system is ready meeting the target reliability. 

This column indicates that by applying selective 

maintenance approach without adding corrections for use in 

desert and doing the tactical manoeuvres, the reliability of 

the component will remain at this level after 400 hrs of 

operation. However, results in Column 4 indicate that the 

equipment reliability is going to be lesser than as expected 

from column 3 when it completes its mission with the 

tactical setting in the deserts. 

Table 11: Summary of the Results 

1 2 3 4 

Tank 

Exploitation 

Current 

reliability of 

sub system 

(camshaft)  at 

T=0 

Reliability of 

camshaft after 

applying 

selective 

maintenance 

Reliability of 

camshaft with 

usage factor for 

desert operation 

at T=400hr 

100 hrs in 

plains followed 
by 300 hrs 

operation in 

desert 

0.32078791 0.80943436 0.7765±0.0324 

This exercise indicates that it is necessary to cater for 

adverse environmental conditions and usage while selecting 

the target reliability before selective maintenance. These 

added considerations will make the selective maintenance 

intervention more realistic and closer to the actual situation 

on the ground. 

VII. CONCLUSION 

Selective Maintenance tasks on army equipment are an 

important activity that has a large impact on the reliability 

of the tanks. The limited time window available between the 

missions must be judiciously utilized in order to achieve the 

target reliability as well as success in the mission. This 

paper presents a methodology to optimize the selective 

maintenance tasks. 
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