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Abstract: An important step in preparing a military operation is the planning one where
resource requirements and related costs are assessed needed to conduct it under optimal
conditions. One of the most important issues to be considered at this stage is that concerning
the means of warfare which are necessary for fulfilling the tasks of the military operation. In
this regard both the types of combat capabilities that are required and the number of each
type of combat capabilities should be established. After evaluating the necessary means of
combat, an important aspect to be considered is that of ensuring the maintenance service for
the means of combat planned to participate in military operations. In this study, based on
technical specifications related to maintenance operations to be carried out to maintain the
operational state of combat means is shown, depending on the tasks to be fulfilled within the
military operation, a way of assessing maintenance needs in order to design a plan to ensure
optimal maintenance service.

Keywords: assessment model, military operation, optimum maintenance plan, technical
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1. Introduction equipment and personnel involved in
This study presents a method for assessing performing these operations

maintenance operations to be carried out to Also, this assessment allows the estimation
maintain the operational state of combat of costs related to the maintenance service
means to achieve the optimal use of all organization and the maintenance of
planned missions within a military combat means during the conduct of the
operation. military operation.

More specifically we will present a way of 2. Parameters for the Conduct of the
assessing the number of the maintenance Military Operation

teams necessary to perform maintenance In this section we will resume some of the
operations for all types of combat vehicles elements related to establishing the
intended for the military operation, conditions under which the military
depending on the characteristics of its operation is conducted and the tasks to be
missions. fulfilled within it, issues that are also
This assessment allows us to get an insight described in papers [1], [2] or [3].

into spatial planning needs to be organized
for the maintenance service, for the
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The table below contains a summary,
according to the regulations stipulated in
[4], data relating to the number of vehicles
of each type destined for conducting the
military operation, number of vehicles of
each type necessary to meet each of the »

tasks, the distances that vehicles must go
across within each mission, the period of
development of the military operation and
the working time for the maintenance
structure daily.

Table no. 1 General data of the military operation

\Mission 1 5 . No. of vehicles
Type of vehicle available
Car ap a an a
Truck A1 A2 An A
Armored transporter Tr Try Tr, Tr
Tank Ta, Ta, Ta, Ta

More information about the military operation
Mission 1 2 n -
Distance d, d> d, -
Progress period T
Working period for a maintenance ;
structure / day
In what follows, according to the In this same table the number of lower-level

regulations stipulated in [5] and [6], the
information on the number of km each type
of maintenance operation should be
performed at and the duration of these
maintenance operations are presented.

maintenance  operations  which  are
performed are listed to the higher level
ones, without taking into account the lower
level operations included in the top level
ones.

Table no. 2 Data concerning maintenance operations

Type of vehicle Armored
W Car Truck transporter Tank
Level 1 Maint. Op. (km) 2500 15000 5000 1000
Level 2 Maint. Op. (km) 10000 75000 15000 5000
Level 3 Maint. Op. (km) 30000 150000 45000 10000
Level 1 Maint. Op. (hours) 10 15 20 20
Level 2 Maint. Op. (hours) 70 90 130 110
Level 3 Maint. Op. (hours) 90 110 170 180
No. of level 1 maint.op. 1 to level 3 13 13 13 _ 13 _
No. of level 1 maint.op. 1 to level 2

. ¥ HLop ¥ n? =3 nf 4 anz =2 n}z =4
maint.op. a r a
No. of level 1 maint.op. 2 to level 3 23 23 23 23

These parameters are useful in assessing the
number of each type of maintenance
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operations to be performed on average for
each type of combat means, and the average



number of hours of their proper
maintenance during the performance of
military operations.

3. Evaluation of the Average Number of
Maintenance Hours for Every Type of
Combat Vehicle

The number of maintenance operations, their
type and therefore corresponding maintenance
hours are related to the number of kilometers
covered, and in this sense we must evaluate
the average number of kilometers that will
be covered by each category of vehicle in
order to fulfill the » missions within the

military operation.

Likewise, given [1], [2] or [3], where the
assumption that all the vehicles destined for
the military operation are operational
throughout its duration on the one hand was
made, and on the other hand that they are
distributed in a balanced manner for the
fulfillment of the n missions, in the table
below the average number of kilometers a
vehicle in each category performs for the
fulfillment of the » missions within the
military operation is presented.

Table no. 3 Data regarding the average number

of km to be covered within the n missions

) No. of km covered by each category | Average no. of km covered by each
Type of vehicle . R
of vehicles category of vehicles
K
Car K,=dy a1+dr ax+..+d, a, MK, = —~
a
KA
Truck Ky=dy A1+dr A+ ..+d, A, MKA=7
K
Armored Kp=di Tri+ds Tra+ ... +d," Tr, MKq = =L
transporter Tr
K,
Tank Kp,=dy Ta1+dy, Tar+ ... +d, Ta, MKy, = TTC
c

Based on these we can determine the
average number of level 3 maintenance
operations, the average number of level 2
maintenance operations and the average
number of level 1 maintenance operations
that must be performed for a vehicle in each
category upon completion of the military

operation that we will note with N;, N;
N!
icla, A, Tr,Ta}, considering the new

and respectively, where

values n, n’ and n, respectively, where

icla, A, Tr,Ta} of the number of lower-

N3= MKH .
“130.000 |’
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level maintenance operations included in
the higher-level ones given in table no. 2,
where by [ | we note the integer part of a
real number.

The average number of interventions for a
vehicle of each type and for the three types
of maintenance operations is determined
just as in [1], [2] or [3], it’s just that the
values will be different from those in the
papers mentioned.

Thus, for cars, the relations according to
which we can determine the average
number of level 3, 2 and 1 interventions are:

(1)




MK, -30.000- N
N= ,—30.000-N; END @)
10.000
—_— . 3 —_— . 2
N= MK, —30.000- N, —10.000- N NN 3)
2.500
For trucks, the relations according to which the average number of level 3, 2 and 1
we can determine interventions are:
[ MK
Ni= A 4
4 _150.000} @
| MK , —150.000- N
N2= 4 4|4 N3 .n23; 5
! 75.000 } 4 ©)
| MK , —150.000- N* —75.000- N>
N1: A A A +N2-n12+N3.n13. 6
A I 15000 :| A A A A ( )
For armored transporters, the relations average number of level 3, 2 and 1
according to which we can determine the interventions are:
| MK
N3_: Tr ; 7
r _45.000} 2
| MK, —45.000- N:
N2‘: Tr Tr +N3 . 23; 8
T I 15.000 :| rr My (3)
| MK, —45.000- N3, —15.000- N2
N, =| AR =R e 10000 R N2 2 N, ©)
i 5.000
For tanks, the relations according to which the average number of level 3, 2 and 1
we can determine interventions are:
| MK
Ny, =| —2|; 10
e _10.000} (10)
| MK, —10.000- N
N2 — Ta Ta +N3 -n23; 11
Ta i 5000 :| Ta Ta ( )
i —_— . 3 —_— . 2
N = MK, —10.000- N, —5.000- N, ENL 24N (12)
i 1.000
With the help of these relations we will each category of vehicles, which are given in
determine, just as in [1] or [2], the average the table below.

number of maintenance hours required for
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Table No. 4 The average number of hours of maintenance
for a vehicle during the conduct of the military operation

Type of vehicle Maintenance hours

Car Oy= N}+90+ N2+70+ N}« 10
Truck 0A=N3*130+ Nj*90+ NL*IS
Armored Or-= N3« 170+ N7« 130 + Ny, 20
transporter

Tank O, = Nﬁa*180+ N;a*ll()"‘ N}a*zo

In order to establish the optimal plan of
organization of the maintenance service we
will calculate, just as in [1] or [2], the
average number of revisions for a vehicle

of each type, as can be seen in the table
below, with the specification that these
values will be different from those in the
above mentioned works.

Table no. 5 The average number of revisions

for a vehicle during the conduct of the military operation

Car Na: N3+NZ+N(1[
Armored Nr= N3 + N2 + Ny,
transporter

Tank N1y = Ny, + Ny, + Ny,

For the determination of the optimum
number of maintenance structures necessary
to ensure the interventions to the combat
equipment in order to conduct the military
operation under good conditions, we will
calculate the average rate of arrival for
maintenance of a vehicle (regardless of its
type) and the average rate of servicing for a
maintenance structure depending on the
number of daily working hours. The
relations with the help of which we
calculate these parameters are similar to
those in papers [1] and [2], but with the
difference that N,, N, Np and Ny, are
different from those in the papers
mentioned.

For the average rate of arrival of a vehicle

for maintenance first we have to determine
the total number of maintenance
interventions for all the vehicles:

Nr=N,a+Ny A+ Ny Tr+Np, Ta (13)
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Based on that we can determine the average
rate of arrival of vehicles for maintenance
which is:

N

A==l (14)

In order to calculate the average rate of
servicing for a maintenance structure we
must first determine the total hours of
maintenance for all vehicles and for the
fulfillment of all the missions within the
military operation:

0r=0-a+0,-A+0] -Tr+0; -Ta.  (15)
Hence
tmem‘z & (16)

is the average daily time required for
vehicle maintenance and then the average
rate of servicing 1s:

t

/I—t—-

(17)

ment

With this information we can establish the



optimal number of  maintenance time in the system for a vehicle in order to

A

execute maintenance works. The result:
structures: Nyen,= | — | +1. (18)
7]

Here we also calculate the average queuing

W= ! , if Nyens= 1 and (19)
u—A
-1
Nmf) L Nmet
we=Ly L. £ o AN, >1, (Q0)
H A (Nment _1)/'(Nment _p) o ! Nmem /(1_[)}
ment

where p = i

U
Based on these pieces of information we maintenance for operations that are
can obtain The Optimal Plan of unscheduled, but necessary in order to
Organization of the Maintenance Service maintain the operational state of combat
for the equipment necessary for the conduct means.
of the military operation. Additionally, based on this study the
Conclusion computer application presented in [1] or [2]
Although this study is conducted only for 4 was  improved,  application  which
types of combat means it can extend to any establishes The Optimal Plan for the
number of types of combat means, provided Organization of the Maintenance Service
that we have their technical data. for the realization of maintenance
Obviously, in such an analysis, we can operations according to the data sheets of
consider a certain percentage of the total the combat means and can be correlated
number of interventions and hours of with the information obtained in [3].
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