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MODELLING THE USEFUL LIFE EXHAUSTION (DEPRECIATION) AND
RESTORATION PROCESSES OF THE OF MILITARY EQUIPMENT GROUPAGES

The article deals with the mathematical model of the military equipment (ME) useful life exhaustion
and restoration processes. A military equipment groupage is understood as a multitude of various different
objects that are used for completing a similar task. Accepted quality measures for the military equipment
useful life exhaustion and restoration processes are the quantity of the objects in a given groupage and the
total useful life, determined separately for different types of military equipment. Parameters for this model
are military equipment maintenance, disposal and procurement plans, as well as established statutory
requirements. The concepts of limiting state and useful life of a groupage were introduced.

This model allows to predict the structure and the useful life of the groupage in the forthcoming
period of time, evaluate the efficiency of the enacted useful life restoration plans and improve them.

Keywords: military equipment groupage, useful life of a military equipment groupage, maintenance,
disposal and procurement plans for the separate items in the equipment groupage.

Introduction and Problem Statement. Sufficient attention was given to the issues of
exhaustion and restoration of the useful life of a single military equipment item, e. g. in numerous
research projects [1-5], including the works of the author [6-9]. At the same time, it is worth noting
that military equipment is usually used to carry out missions, within formations, units and
detachments. Therefore, it is important to analyze the useful life of military equipment not by each
separate item, but rather of a military equipment groupage as a whole. This type of analysis requires
introduction of specific measures that take into account the peculiarities of military equipment useful
life exhaustion and restoration processes, with separate ME items being a part of a groupage.

This article elaborates on a mathematical model of the military equipment useful life exhaustion
and restoration processes, that allows to predict quantitative and qualitative characteristics of the ME
groupage in the forthcoming period of its exploitation, based on enacted statutory maintenance,
disposal and procurement requirements for the ME groupage.

The notion of the useful life of a military equipment groupage. Military equipment groupage
stands for a multitude of similar or different objects, that are connected by a common objective and
similar tasks that the groupage is assigned to perform. The objects of the groupage can be located in
one settlement, or more often scattered across a certain area, which is considered their zone of
responsibility. Examples of military equipment groupages are motor vehicle units or armored
formations, fulfilling either combat or combat support missions. In the framework of this model
informational and functional connections between the objects, as well as the type of tasks they
perform do not matter. Only two characteristics of the groupage are taken into consideration — its
structure and useful life. If the structure of the groupage meets the corresponding requirements, and
the level of reliability of each single object does not fall below a pre—defined value, the groupage is
fit for its intended purpose. At the same time, it is understood, that if the useful life of a single object
is exhausted, the measures of its reliability do not meet the requirements and such object should be
replaced by a new one (with equal functions) or reconditioned to restore its useful life.

In large systems of ME groupages there is usually a certain organizational structure in place,
meaning that they include ME groupages of lower organizational levels. It is envisaged that in the
future there will be a strong distinction between groupages of different levels.

Let’s introduce the following particulars:

N (t) ={N; (t);i=1 Nyypg} — the vector, that determines the structure of the military equipment

groupage at a given time t, where N, (t) — the number of i type ME items ( N;pz — the number of
various ME types);
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R, (t) ={R;; (t); 1 :M} — the vector, that determines the useful life of military equipment
groupage, where R, (t) — total useful life of i type ME.
The function N, (t) can be expresses with the following formula:
Ni(t)=;n,-(t), (1)
JeJ;
where N, (t) — the singular function, that assumes the value of 1 or 0 (1 — if at the time t the
object is a part of the grouping, 0 — if it is not); J. — the multitude of numbers (indexes) of the i type

ME items.
The points in time when the structure of the groupage changes are determined by the useful life
exhaustion and restoration processes of separate ME items.

The function of the total useful life of i type ME R, (t) is defined as the following sum:
Rzi (t) = Z Rj (t) ) (2)

jed;
where R, (t) —the useful life of j type ME at the time t.
The function R, (t) describes for the exhaustion and restoration processes of a useful life of a
single j type ME item.
Figure 1 is an approximate graph of the function Ry, (t) . Positive jumps (discontinuities) of a

function correspond the moments in time when the ME groupage receives new procured or old
restored equipment.

R.:(t)
N

N

0 thotho+ 7 t

Pij “Pij Pij Cij
Fig. 1. Typical graph of the function R, (t)
The rate of the function’s decrease in intervals between the discontinuities is defined by the

sum intensity of the useful life exhaustion of all the ME, included in the groupage at a given time.
Structural and useful life requirements for a ME groupage are defined by the following formula:

N, () <N; (32)
Ry (1) <R3, (3b)
where NFand R}’ — the numbers of i type ME items and their total useful life, required for

the groupage to be efficient.
Required structure of the groupage (3a) has an obvious physical purpose — if the number of ME
items in the groupage drops below the acceptable level, the efficiency of the groupage will not meet

65



the requirements. Therefore there are no issues with the value of N*, since it is the prerogative of
an older “system” that formed the groupage.
Required total useful life of the ME (3b) can be viewed as something similar to a “safe load
factor” of the groupage that determines how long the groupage can exist with the required efficiency.
As a result useful life of a ME groupage can be defined as calendrical duration of the service
life of the groupage before it reaches the limiting state, provided that all statutory maintenance
measures have been taken. Let’s denote the useful life of a groupage by Ty .

The useful life of the i type ME groupage T is defined by the following formula:

Ni(TGRi):NiTP' (4)
Therefore the useful life of the groupage T, can be defined by the formula:
TGR = min TGRi' (5)

The next chapter deals with the military equipment useful life exhaustion and restoration
processes and explains the functions N, (t) and R, (t) .

Useful life exhaustion and restoration model of a single ME item. Useful life function of a
separate j ME item R, (t) at the time t = 0 and with the object being new (meaning it has not been

maintained to restore the useful life) is determined by the following formula:

RO —z,(t),if (r, () <RO)alt<T):
Rj t)=:" j Y | J(O) J(O) (6)
0, if (7, ) >RON(t>T©),
where R and T”— the initial useful life and the initial service life of the j ME item;
7, (t) — total operating time of the j ME object at the time t.
Operating time z,(t) is the random time function:
t
7, (0= [ 17,09 dx, (7
0

where 77;(X) —the intensity of the useful life exhaustion of the j ME item.

In reality there is usually a useful life exhaustion limit in place (e.g. for a year), and during the
exploitation the useful life exhaustion process it tweaked in accordance with the limit. That’s why for
the sake of forecast analysis it is possible to assume that the function, (t) has a constant value of
mathematical expectation 77, , which is defined by the following formula:

Sy
=L, (8)
where L. ; —the limit of the useful life exhaustion of the j ME item;

T — the exploitation period with the limit of L, .

Therefore, the total operating time in the forecast time period [0, t] is defined as:

7,(t) =177, t. 9)

Replacing the former expression (6) with the one mentioned above the new formula is:

RO -7 -1, if te[Ots;];
R, )= b el (10
0, if t>t;,
where t ; — the time when j ME item reaches its limiting state. It is defined by the following
formula:
R
tg; =min| = T |. (11)
nj



The formula (10) is valid for the case when the ME item has not been maintained and is
exploited until it reaches the limiting state. However, in case the ME item will be maintained for N,
times during its service life and there are pre—determined maintenance dates and amounts of the useful
life restored with each round of maintenance in place, function R, (t) will no longer be expressed as
the one shown above (10), but instead will be defined as:

RO -7t if te[0,tY];

J —

RY —7,(t—t8)), if te[td) +7p, &P k=1LN, -1

R.(t) = i 12
i) R —7, (t—t), if teltdy +70,tc,]; (12)
0, if t>t, vtelt!) t&+7,, 1 k=1N,,
where R — the useful life of;;
tg) — point in time when is maintained for the k time:
Pi =t t7pj —
n;
t.; —disposition time of the j ME item:
) R(NP)
te, =t9\"”) + 7, +min —7'7 T\ gt (14)
J

7, ;— Maintenance duration of the j ME item;

Tj(k) — the amount of service life of the j ME item, restored after maintaining it for the k time.

Figure 2 shows graphs that explain the formula (11). To simplify the graphs, in the chosen case
the statutory values of the useful life between maintenances R’ and the service life T are

harmonized, providing 77, = R{ /T,

R (1)
©
R, R®
i R (kD
i R(N#)
i
0 i@ 1O 4 @ t(k-lﬁ+ £ tMNe) | t t
Pj Pj z-Pj Pj Pj z—Pj Pj Pj TPj Cj

Fig. 2. Useful life function of a j ME item, with t = 0, since the object is new

In a more general case, when at a time t =0 the ME has been maintained n,,
times (n,; < N;), the useful life function R, (t) can be defined by the following formula:

R, (0) -7, it tel0,tor™];
(npj+k)  — (np j+k) - (np j+k) (e j+k+) 7., _ .
R; —n;(t=ts7), if telty] +7p, tp] i k=1,N, -1

R;(t)= (15)

R™ —q7 t—t8y),  if teltd? +7p;,tc,;
0, it t>te, vielty™ 0™ + 7, L k=1N,,
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where R;(0) and T,(0) —the residual useful life and residual operation life of the j ME item at
apointintime t=0;
t,ﬂ”j””) —the time of the (n,; +k) maintenance that is defined by the formula:

£ = min [RJ’_(O) T (O)J . (16)

7

Quantities té,"f”k) when k =2,N, and t.; are defined by formulas (13) and (14) respectively.
Figure 3 shows the graphs that demonstrate the formula (15).

R, (1)
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Fig. 3. Useful life function of the j ME under the condition that before the point
intimet =0 the object has been maintained n,; times

This mathematical model of useful life exhaustion and restoration of a single ME item is at the
basis of the useful life exhaustion and restoration model for a ME groupage that is stated below.

Useful life exhaustion and restoration model for a ME groupage. It was previously
determined, that the ME groupage characteristics significant to this research are its structure N, (t)

and useful life Ry, (t) . To keep these characteristics on the required level for a certain period of time
[0, T,] the timely maintenance and disposition of single ME items that are in the groupage are needed.

There should be a mathematical model in place to efficiently plan these measures. The one that would
establish a correlation between the values N, (t) and R, (t) and the parameters of the corresponding

plans.
Let’s introduce the following plan symbols: IT,; and I1.; — for the maintenance and disposition

plans, each of these plans is viewed as a union of the corresponding plans for separate ME objects of
a certain type.

Maintenance plan is defined as a union IT,; = UHpu , Where TT,; —the maintenance plan for
i€do;

the j object that is represented by the following union:
ey ={(t8), RE T8, 780 ) k =L N 3, (17)
where t{) —the point in time, when the ij object is maintained for the k time according to plan;
RS and TS — amounts of the useful life and the operating life, restored after the k

maintenance;
7} — duration of the k maintenance;

Np; — total number of maintenances statutory for the ij object.
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Disposition plan is defined as the unity IT ; = Ul‘[Cij , where TT.; ={t.;} — the disposition

j€Jdoi
plan of the ij object is defined by a single value t.; —the disposition time.
Considering the newly introduced symbols for the functions N, (t) and R, (t), there is a new

formula:
Ni(t/HPi ’HCi) = Znij(t/Hpiijcij) ;
jedoi
Rzi (t/Si (0)’ 77i' HPi J HCi) = Z Rij (t/Sij (0)’ 77ij’ HPij’ HCij) | (18)
j€J0|

where S, (0) ={S;(0); j € J,;} — vector that describes the state of the i type ME at the beginning
of considered exploitation period [0, T,];

n ={m;; J €3y} — vector, that represents the intensity of the i type ME useful life exhaustion;

J,;— multitude of numbers of all of the i type ME items, that are a part of the groupage at the
giventimet=0.

The correspondences (16) mutually define the useful life exhaustion and restoration model for
a ME groupage (for the i type ME items) in a period of time [0, T, ].

The functions (18) — are the forecast evaluations of the values that define the state of the
groupage of the forthcoming period of time. They depend on the parameters S,(0), 7, II,, and

I1,.,. Parameter S, (0) describes the initial (technical) state of the ME items, thus defining the initial
circumstances for the useful life exhaustion and restoration processes of a ME groupage. Parameter
n, defines expected (forecasted) external influences on the process, and is considered to be pre—
defined. Parameters II,, and IT,., are the manageable parameters, since their value at the end is
defined by the user.

Parameters TT,, and II.., should be considered regulatory (and written as II}. and IIY,), if

the dates and types of ME maintenances are set in accordance with the enacted regulations (
HEi :{HFRHJ'; jeJ;} and Hs‘i :{Hgij; jed D).

Regulatory plans IT3, and IT;., that by definition are optimal for each ME item separately, can

rarely be optimal for a groupage as a whole, and the main aim of this model is to find optimal plans
for groupages IT,; and IT .

Up until this point the research was focused on the useful life exhaustion and restoration
processes of a ME groupage, assuming that there was no new equipment procured for the groupage.
In reality, the required structure of the ME groupage is maintained by periodically (in accordance
with the plan) replacing the disposed items with the new ones. Supplying the groupage with new
items to replace the disposed ones is an obvious way of prolonging the useful life of a groupage.

Let’s introduce the formula IT,,; ={t,,;; j € J,;;} — unity that defines the supply plans for the i
type ME groupage, where:

t,;— time when the j new equipment items of the i type are supplied to the groupage;

J,,;— multitude of the numbers of new objects, that according to plan are supposed to be
supplied for the groupage in its exploitation period.

Therefore the values of N, (t) and R, (t) can be defined as:

N, (t/TIp;, I, IT,,) = znij(t/HPij’HCij)+ Znij(t/HHij);

j€doiUdyi i€du;
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Ry (t/S;(0), m;, IL,,; IT, T1 ;) = ZRij(t/Sij(o)’ i Hpij HCij)+

jGJD |UJH|

+ zRij(t/Sij(tHij)l 77iijHij)|

jedui

(19)

where I, = UHHij = U{tHij};

jedy; iedy;

Si(0) ={5;(0); j € I} {S;(tyyy); eI}

o ={7;; 1€y j€dni}-

The formulas (19) are a more detailed version of the previously stated formulas (16) and
represent the mathematical model of useful life exhaustion and restoration processes for a ME
groupage, with the regard to new items being supplied.

The manageable parameters of the model are the plans IT,,, IT., and IT,,. Parameter 7, is

partially manageable, since the intensity of the useful life exhaustion can be redistributed among
single ME items. The non—-manageable parameters are the statutory requirements for the maintenance
terms, the amount of useful life restored during maintenance, and the initial useful life of new ME
items.

Conclusions. The mathematical model for describing the useful life exhaustion and restoration
processes of ME groupages has been designed. The model outputs are the structural, quantitative and
useful life characteristics of a groupage, forecasted for a given exploitation period. The structure of a
groupage is determined by sorting the ME items by types and the useful life of a groupage is defined
as the longest time during which the groupage can maintain required efficiency.

Model parameters are the useful life restoration parameters for the ME groupage (maintenance,
disposition and procurement plans). This model allows to determine the optimal useful life restoration
plans for the ME groupage.

The structure of the model suggests that it is a deterministic simulation model.
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Penenzent: n.1.H., mpod. JlenkoB C.B., HauyalbHUK HAyKOBO-IIOCTIJHOTO HEHTPY BilchbKOBOTO
iHCTUTYTY KHIBCHKOI'O HalliOHAIBHOTO yHIBepcuTeTy iMeHi Tapaca IlleBuenka

k.nea.H. Toaok 1.B.
MOJEJIOBAHHA ITPOILIECIB BI/ITgAT I BIIHOBJIEHHSA PECYPCY YI'PYIIOBAHHA
OB'EKTIB BIMCBKOBOI TEXHIKU

Y ecmammi posenadaemovca mamemamuuna moodenv npoyecie UMpAauants ma HONOGHEHHA PecypCy
yepynoeanna o06'ckmie egilicokoeoi mexniku (OBT). Yepynosauna OBT posymiembca ak 0ezniu
pi3HOmunnux 006'ckmie, NPpUZHAYEHUX ONA GUPIWIEHHA CRITbHUX O/l YZPYNOBAHHA 3A60aHb I uineil.
IHokaznukamu axkocmi npouecie eumpavyanus ma HONOGHEHHA pecypcy NPpUlHAmMI KIIbKICHUL CK1a0
yepynosanns i cymapHuuil pecypc, wio susnauaiomsca okpemo 3a munamu OBT. Iapamempamu moodeni €
naanu pemoumy, cnucanha ma nocmaeok OBT, a maxosc ecmanoeneni HopmamueHi eumozu no ix
30ilicnennio. Beedeno nonamma cpanuyunozo cmawy i pecypcy y2pynoeanns.

3acmocysannsa mooeni 003607€ RPOZHO3Y6AMU CKAA0 i pecypc yZPYHOGAHHA HA MalOymHill nepioo
uacy, oyintoeamu aKicmo 0ilouuUx N1anie HONOBHEHHA pecypcy i 30ilicHIosamu ix onmumizayiro.

Kniouoei cnoea: yzpynosannsa o00'ckmie 8ilicbkoeoi mexHiku, pecypc yzpynoeanns o006'ckmie
GilICbK0GOI mexHiKu, N1aH PeMOHMY, CHUCAHHA Ma NOCMAGKYU 00'€KMig 6 yZPYno8anHsi.
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k.nmex.H. Toaok U.B.
MOAEJIUPOBAHUME MPOLHECCOB PACXOJ10B U BOCCTAHOBJIEHUE PECYPCOB
I'PYIIIUPOBKHU OBBEKTOB BOEHHOM TEXHUKHA

B cmamuve paccmampusaemcs mamemamuuecKas Mooeab RPOUeccos pacxo006aHus U 60CHOIHEHUS
pecypca zpynnupoéku o00vekmoe eoennoii mexuuku (OBT). I'pynnupoexa OBT nonumaemcsa Kak
MHOIHCECHE0 PAZHOMUNHBIX 00BEKM 06, NPEOHA3ZHAYEHHBIX 015 PeUleHUs 00uWUX 01 ZPYRRUPOBKU 340aY
u yenei. Ilokazamenamu Kauecmea HpPOUecco8 pPAcX0008aHUs U GOCHOIHEHUS Pecypca HPUHSIMbL
KOU4eCmeeHHblil COCH A8 2PYRRUPOGKU U CYMMAPHBLIL pecypc, onpedesiemble pazdenvho no munam OBT.
Ilapamempamu modenu A6NANMCA hAAHbL peMonma, chucanus u nocmaeok OBT, a makouce
YCMaHO6eHHble HOPMAMUGHbIE MPeDosanUA NO UX ocyuwiecmenenuto. Beeoenvt nonamus npedenvnozo
COCHOSIHUA U pecypca ZPYRAUPOGKU.

Ilpumenenue modenu nO36018€mM NPOZHOZUPOGAMb COCMAE U Pecypc ZPYNNUPOGKU Ha
npeOCmoAuUll NEPUOO 6DEMEHU, OUEHUBAMb KAUECMEO 0CHCIMEYIOUUX NIAHO6 80CROIHEHUA Pecypca U
OCYyWeCmensms Ux ONMUMUAYUIO.

Knwouesvie cnosa: zpynnuposka 00beKmo8 60€HHOU MEXHUKU, Pecypc ZPYNRUPOGKU 00bEKmos
60CHHOIUl MEXHUKU, NJIAH PEMOHMA, CRUCAHUA U HOCIABOK 00BEKM 06 6 ZPYNAUPOGK).
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