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Abstract. In the realization of maintenance processes, a vital role is played by
logistical activities, i.e. maintenance logistical processes. The way in which the
maintenance process is carried out has a basic influence on purchaser
satisfaction. Maintenance as an influencing factor of customer satisfaction
appears in three basic areas: the production and service process; the maintenance
and servicing of the product for the customer; and the administration of
maintenance services.
Dominant activities of maintenance logistics are:

- supplying the materials, components, tools and services,

- operating the supply chain of maintenance logistics,

- storage management of the maintenance logistics,

- maintenance inverse logistics.
In the field of maintenance logistics, the time factors and important parameters
are explored and mathematically formulated, and the optimal time for starting
the maintenance procedure is determined by the transit time.
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1. Introduction

For customers expectations the maintenance is an important respect. During the
maintenance activity the logistics has got a determined importance [1], [2]. From
the total transit time of the maintenance approximately 90% goes on the logistical
type activities. The scientific literature does not deal particularly with their topic. In
the first step my intention is to compose a model by which the time parameters of
the maintenance can be given. After that the specific parameters will be determined
on which these time factors are dependent.

The transit time of the maintenance activity is primarily determined by the
completion of the maintenance logistical process and by the logistical strategies
applied. This transit time has a substantial effect on customer satisfaction. The
author investigated which time parameters have an important influence on
determining the maintenance transit time.
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The basic condition for initiating the maintenance activity is the existence of the
following for the item to be maintained:

the necessary type of materials in suitable quality and quality,
the necessary type of parts in suitable quantity and quality,

the necessary type of equipment in suitable quantity and quality,
the services needed for maintenance and the necessary staff.

The assurance of the above conditions is the task of maintenance logistics.

2. Time Factors

For the time parameters of maintenance logistics, two main factors are considered,
as can be seen in (2.1):

L=t ty 2.0
where

t,, - transit time for the order process of the necessary items, and

t, - time to fulfilment of order, i.e. the total time of the logistical activities related
to the item to be maintained.

The ordering process of the necessary items (materials, parts, equipment, service,
staff) can be seen in Figure 1.

3. Process of Order of the Maintenance Necessities

On base of Figure 1 the activities and time necessities of the ordering process are
the followings:

failure occurred at a given moment,

after time Az, on ordering demand is occurring for a given constituent,
after Ar, time the order has been written,

the order judged by the responsibilities for which At, is needed,
decision is born about the order is time Az,

¢ if it is negative, then no maintenance activity.
request for price offers to be concerned for which time At; is needed,

evaluation of the offers, time necessity Afg,
necessary time for selection of the optimal price offer is Az, ,
time necessity for proceeding of the order Atg,

— handling time of prove of getting the order is Af, .



THE TIME FACTORS OF MAINTENANCE LOGISTICS

9

Start
y
s T
Initiation of maintenance demand
t
] -
~
Initiation of demand of order
\ At J

Y

Filling out order form (s)
4

Y

Discussing options for orders

C)



100 B.ILLES

C1)

\
4 ™

Approval or refasal of orders

A4

. J/

Y
4 N\
Determing quantity, date;Requesting

quotation A t )

\

A

Discussing and recording quotations

A

( )

Selection

\ At J
A

4 N

Carrying out

\ . J
4

a N

Handling order confirmation
N 45 J

y
Stop
Figure 1. The order process for necessary maintenance items

Transit time of the ordering process of the necessities can be understood on base of

for the materials necessary for the maintenance (@)

for the constituents necessary for maintenance ()

for the facilities necessary for the maintenance (c)
— for the services necessary for the maintenance (d)

i = 2, 46", 3.1
k9=:1
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where:

0= {a, b,cd }

Iy identifier of the transporter,

Jo identifier of the product or service to be purchased,

k identifier of the time increment of the ordering
® process,

. maximum number of time increment elements taken
® into account, i.e. the number of activity elements in

the order process,

a index regarding materials,

b index regarding constituents,

c index regarding facilities,

d index regarding services.

By using (3.1) the transit time can be given for the materials, parts, equipment and
services which are necessary for the ordering of maintenance. It is advisable to
specify the following:

o
goto ZAt,':)J" > min. (3.2)
ko 1

4. Logistical Features of Order Fulfilment in Maintenance

In the following section the time factors connected with the fulfilment of the order
for the necessary item are investigated. Time factors are related to the place where
the needs can be satisfied and to the item needing maintenance, and include:

time for carrying out logistical activities,
waiting time for the necessary equipment.

Types of logistical activities in the field of maintenance logistics can include:

different kind of storage activities,
activities in connection with stores (adding and removing),
activities in connection with breakdown and forming of unit packages,
order picking,
transport,
loading and unloading,
— classification into:
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e parts re-usable after overhauling,
e parts for recycling,
e Dpieces to be treated as waste.

The time factors for order fulfilment of maintenance are given in Figure 2, taking
these types of activities into account.

Flow of Logistical Process of
Information ordering

Needs .
) Objects to be
. (Formlnglbmakdown of maintened
unit package
Commissloning
Loading and
unloadin
Transperting
Classification

Logistical activity flow
of material and
information

Transporter

Overhauling

Recycling

Figure 2. Logistical features of order fulfilment necessary for maintenance

In the system of order fulfilment for maintenance, the delivery of new materials
and equipment is always taken into account, because for example necessary
materials such as oil or glue cannot be re-used, and equipment needed is considered
not to have to be overhauled because of the maintenance demand.

The need for parts can be satisfied from the viewpoint of logistics in three
fundamentally different ways:
transport of either new or overhauled parts from the transporter’s
warehouse,
manufacture of the part, then transport, or
removal of a given part from its original place and its replacement after
repair,
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If the transport is from storage (a new or overhauled part) then the time to

fulfilment of the order is:

in the case of parallel activities

Lhpi = max{th” }

-

and in the case of serial activities

where:

tHRI

i
tHRl

i
tR

i
Is

n,
Lugy = ZIHRI,’
i, =1

__ ¢hr i i, i i
tHRli, _tT +tlz‘ +tK +tR +tS >

time for order fulfilment for a given
maintenance task in case of delivery from
storage,

time to order fulfilment of a transported part for
transporter i, for the given maintenance activity,

storage time needed in case of supply between
transporter i, and the item to be maintained,
time needed for forming and breaking down unit
packages in case of supply between transporter
i, and the item to be maintained,

time needed for order picking in case of supply
between transporter i, and the item to be

A
maintained,

the time needed for loading and unloading in
case of supply between transporter i, and the
item to be maintained,

the time needed for transport in case of supply
between transporter i, and the item to be

r
maintained.

The time needed to carry out logistical activities:

4.1)

(4.2)

(4.3)
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7, gl
i i
6=, G
J=1 xﬂ=l 4 4)
i,=12..n, (@
B= {T,E,K,R,S} ,
where:
i identifier of the supplier,
n, maximal number of suppliers,
J, index regarding necessities,
n maximal number of necessities,
Ky index regarding logistics services,
n,, maximal number of given logistics service,
T index regarding storage activity,
E index regarding loading unit formation and
disassembling,
K index regarding order picking,
R index regarding loading in,
S index regarding transportation.
Summarizing the content of (4.4):
n, (ir) e (irodi) n, (i) ne (i)
Ly = max . Y,
KO T B S "
4.5)

" (ir) ny, (ir rjr)

™

n; (ir) Ay (i, -jr)

2 et 2

-1
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It can be prescribed as an object function that (4.5) should be minimal:

ni (ir) e r.dr) m, (i) e (iz.Jr) AR U,
lpgy = max

r

DICTIRIDVEED VR "D VD VR

PR P Pt om
(4.6)

"j,(ir) Ay, (ir 'jr) ny, (ir) Ay, (ir 'jr)
TURD D SN
R:, J, X Si, L min

g1 x. =1 Jr=1 Kk=1

+

On base (4.6) it can be stated, that the objective function in case of constituent
supply from maintenance transport storage is dependent on:

the number of applied transporters (n,-’ ) ,
the number of the type of constituents to be transported (n i ) ,

e on the number of the stockings (”x, ) ,
e on the number of the construction and re-assembly of unit
consignments (”x, ) ,

¢ on the number of the applied order picked units (nxu ) ,

e on the number of applied loadings (n,(k ) ,

per transporters and type of constituents being involved in the supply.
the time demand for each logistical activity for a given transporter and part.

The actual time needed for logistical activities is composed of two parts:

the actual technological time of the logistical activity,
the waiting times for equipment that is necessary for the given logistical
activity and perhaps also the waiting time for the object to be maintained.

Each of the elements in (4.3) can be written as
i = firidr 4 g (4.7)

where:
is the actual time for a given maintenance

""j’ . . . . . . -

la activity for logistical activity a for product j,
from transporter i, ,

. is the technological time for a given

.

a maintenance activity for logistical activity a for
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product j, from transporter i, ,

is the waiting time for a given maintenance
a activity for logistical activity a for product j,

from transporter i, .

The following equations can be associated with equation (4.6):

fod =g+ % 5 min (4.8)
that is, if
tr >0 (4.9)
then
t" > min (4.10)

a

The basic principles of the optimal selection of the maintenance logistical services,
shown in (4.9) and (4.10):

the waiting time for logistical activities should be zero as possible,
the logistical technology time for given constituent and transporter should
be minimal.

If a part needed for the maintenance activity is supplied by the overhaul of a
removed part at a different location, then when determining the time to order
fulfilment, the following times should be taken into account:

the time needed for the logistical activity between the object to be
maintained and the location of the overhaul (tB (i, J, ))

the actual overhaul time (tF (4. J, ))
In this case the time to order fulfilment is:
turz = turs + 1y (i, ) + 1 (inJ,) - .11

If the maintenance activity is proceeded by the manufacture of the necessary part,
the total manufacturing time (tG (i, J, )), should be taken into consideration:

Thira = tyre tig (irjr)‘ (4.12)

The necessary times of demand for the materials and equipment can also be written
in a similar way to (2.1)
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Let us denote, using (1), the points in time related to maintenance activities at
which the necessary items are available:

t,, =t 1y for materials, (4.13)
t;, =tur +1ygp; for parts 4.14)
lo, =tyg +1yy; for equipment (4.15)

1, ; the point in time at which the service is available.

Let us denote the point in time when the demand for maintenance is initiated by f, .

Then, a possible point for initiation of maintenance activity for the item to be
maintained is:
Inp =L+ max{taA agila, f’as} (4.16)

On foundation of the time necessity the logistical process model of the
maintenance activity has been worked out in the paper. Using the model it turns
out,

what kind of time parts are involved by the maintenance logistical activity,

what kind of connection is between the unique time parts and the main

logistical parameters,

that different transit times might be occurred on base of the different

logistical parameters,

that the determination of the optimal transit time can be done by using a

multi-parameter solution mass.

The problem for searching the optimal variation is not be object of this paper, but
the time parameters which have to be investigated by which approximately 90% of
the total time necessity can be influenced are given.
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