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ABSTRACT

The study presents an analysis of issues concetaafgical maintenance of domestic agriculturaldpation. Actions in the
area of maintaining the technical readiness of famhicles and machines offered by producers inaaiged distribution
networks were characterised. Internal and extdawabrs occurring in the process of the operatibproducts were presented.
Requirements addressed to authorised servicinggaird works carried out by servicing point emplgyaere discussed. The
survey also included technical maintenance, ie-gafes inspections, and inspections and repaiieda@ut during and after the
warranty period. The series of surveys includedyers 2003-2010. The surveys were conducted ieriterprise carrying out
authorised distribution and servicing activitiesfafm vehicles and machines. The quantitative siracof the servicing was
presented in a graphic form and was subject tatisttal analysis with the use of the R progranisiem 2.14.1. The trend as
well as random and seasonal fluctuations for asesf monthly observations were defined. The temipdistributions of the
work conducted by the Service Department were aedlyand evaluated in the context of the calendaagobtechnical
operations.

Key words: technical maintenance of farm vehicles and mashiservicing, logistic distribution services.

INTRODUCTION

In the conditions of the market economy, the domemgricultural production must ensure the profitgb of

activities. A significant component of the costsurred by farmers is the technical maintenanceisting of farm
vehicles and machines inspections and repairs3525]. Most private farms still operate accordiodghis model,
which assumes that a farmer has all the machinesssary to conduct agricultural activity. This d@nges a large



burden in terms of investments and operation, whicha direct impact on the farms’ competitiven@sseduction
of expenditures is hindered due to weakly develggesdices in the area of agrotechnical work andaijmms. The
lack of a broad and diversified service range anrfarket results both from the short, seasonal ddraad the
specificity of the industry of agricultural cropsoplucers in Poland.

The economic conditions force farmers to seek wxdiction in the area of technical maintenance. @ntenance
point offering services of the highest quality ammmpetitive prices constitutes one of the most irtgrd conditions
determining the choice of the brand of a farm viehar machine purchased by clients [4, 11]. Thekeiapractice
confirms the rule that the purchase of the firstim@ depends on a good salesperson, and buyitigfyproducts -
on the excellent work of mechanics from the Seridepartment [3, 17, 20].

In relation to the above, producers, by creatirlgssaetworks, attempt to create professional teehmhaintenance
department within their dealing activities. Higlguirements concerning the level of the inspectiand repairs
performed are multidimensional [5, 14]. An authedsdealer must meet the conditions concerning iteea the

workshop stands, the technical equipment and geeessary for repairs and for removing defects. Aded

construction-related and technological solutionsliap to subassemblies, particularly of self-préguthehicles and
machines, require specialist diagnostic equipmentcbnducting periodic inspections of their teclhicondition

[18, 19, 21].

The basic factor determining efficient technicalim@nance, both in the aspect of its quality antktiness, is the
staff policy conditioning employment in the Servibepartment. The high qualifications of the managetstaff
and mechanics include technical education and ipeagireparation for the profession.

Carrying out pre-sales inspections, inspectionsr aftibsequent operation periods, and warranty astivarranty
repairs are connected with the tasks implementedithorised workshops, in agricultural holdings anthe field.

THE RESEARCH PROBLEM AND METHOD

Technical objects in the operation process areestiltp various internal and external factors ohbajective and
subjective nature. The process of farm vehicle avathine operation involves a number of externalratpe
factors in the form of varying loads on the condfinn and particular subassemblies. In turn, thererl factors
take the form of various meteorological constraistEh as temperature and humidity, as well as atami
biological and mechanical factors. Anthropotechinfaators, including operators’ qualifications askills, and the
rules and nature of equipment operation, are dlfarge importance [12, 22].

A random configuration of the conditions and coaistts on the operation result in a very diversiftedhnical

conditions of particular vehicles and machines raflebsequent seasons or periods constituting faecycle

recommended by the producer. This creates the sigcés customise the planning and realisation arftipular

orders by the Service Department. For this purptise,ability to verify the defects reported by theers is
necessary, together with experience in the unaskistalisation of technical maintenance tasks. Jémvice

activities also involve the ability to prepare aicestimate of repairs, settling the work carrieti and completing
the complaint procedure according to the warramtyddions. The structure of servicing, due to tleibity of

tasks, requires updating the knowledge and skillshe technical staff. The producers of farm vedscland
machines offer periodic training packages to thepevating dealers, aiming at ensuring a uniformdsaed of the
services provided in the entire distribution netiwof the company. Raising qualifications both ie thasic scope
for newly employed persons, and supplementaryitrgifor other employees, is to ensure that the kedge of the
construction and operation rules of all types dfipment used goes along with introducing new prtsitc the

market [6, 9, 10].

The area requiring research and analysis is thetifat@ve and temporal instability of demand forseing of farm
vehicles and machines. The changes in the demandsipections and repairs occurring in the subsegm®nths
of the calendar year constitute an essential prolte logistic systems in terms of planning and aging the
services of the maintenance point [7, 8, 12].

The purpose of the market research was to recognde@nalyse the quantitative structure of inspastand repairs
of farm vehicles and machines carried out by ahaiged Service Department in the warranty and-p@astanty
period.

The series of surveys was implemented in a tradesarvices enterprise. The business entity in wiliehsurveys
were carried out is an authorised distributor ofrfavehicles and machines, carries out their sergieind conducts
the sales of the full range of spare parts. Therprise has been present on the market since 3&@s}1 constantly
implementing distribution and service activitiesc@ntral-eastern Poland. The object of the sureayded out in
the years 2003-2010 was the Service Departmenatpgmwithin the structure of the enterprise.



The full range of inspections and repairs carrietl within technical maintenance during the eightvey years
included the following brands of farm tractors: ddbeere, Zetor, Same, Deutz Fahr, Lamborghini aodd?. The
servicing concerned farm machines produced by swafcerns as John Deere, Vaederstad, Kuhn, Lemken,
Kongskilde, Hardi, Manitou and Joskin, as well aachines produced by domestic enterprises formiagUNIA
Group, i.e. Unia Grudzdz, Kraj Kutno, Agrometr Brzeg, Pilmet Brzeg andrfaaol Stupsk, and Akpil i Metaltech
enterprises. In the case of John Deere, Kuhn arati&&tad concerns, the enterprise in which theegarwere
carried out conducted technical maintenance senasethe general dealer in the Lubelskie Voivogeskhile for

the remaining producers this was local servicingkwo

THE RESULTSOF THE SURVEYS CONCERNING SERVICING ACTIVITIES CARRIED OUT
IN THE YEARS 2003-2010

Within 8 years the Service Department performed.® Bispections and repairs within the technicalnteiance
activities of farm vehicles and machines. The qtetite distribution of servicing activities in thgarranty and
post-warranty periods in monthly terms is presemetie histogram (Fig. 1).

The surveys of the orders structure in the peri@@322010 confirmed the realisation of (Fig. 2):
- 1842 pre-sales inspections (P0),
- 1778 warranty inspections (PG),
- 278 post-warranty inspections (PP),
- 2794 warranty repairs (NG),
- 2618 post-warranty repairs (NP).
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Fig. 1. The quantitative distribution of warrantydapost-warranty inspections repairs of farm maehiand vehicles in the years
2003-2010 [The author’s own study]

In 2003 534 inspections and repairs were carrietd Diie highest number of orders for technical naiahce
activities relating to farm vehicles and machineswecorded in April, August and December, whike ltthwest in
January, February and September. The orders dangnat the surveyed period were service inspectiovisle
post-warranty repairs constituted the least nungegraup (Table 1). Servicing activities in quaste¢drms were at
the lowest level in the first quarter, and at tighbst in the second quarter (Table 2).



Table 1
The distribution of servicing activities caui out within the technical maintenance servicesuon

vehicles and machin

The type ol
No.  servicing 2003 2004 2005 2006 2007 2008 2009 2010
activities
% % % % % % % %
1 PO 23,0 21,4 16,0 22,6 18,3 195 16,2 22,5
2 PG-PP 38,2 41,7 26,6 211 25,7 14,3 16,6 16,0
3 NG 26,0 28,8 40,2 26,4 29,9 32,6 27,2 30,1
4 NP. 12,8 8,1 17,2 29,9 26,1 33,6 40,0 31,4
In general 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0

Source: Author’s own analy:

Table 2
The quarterly structure of the number of serviagyvities carried out within technical maintenasegvices
of farm vehicles and machines

The sales
No. realisation 2003 2004 2005 2006 2007 2008 2009 2010

time
% % % % % % % %

1 | quarter 18,4 14,7 24,3 16,0 15,9 17,3 11,5 14,8
2 Il quarter 29,2 35,6 31,7 27,0 24,5 26,8 24,5 27,6
3 Il quarter 24,9 28,6 23,0 30,9 36,9 32,7 41,2 34,9
4 IV quarter 27,5 21,1 21,0 26,1 22,7 23,2 228 22,7
In general: 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0

Source: Author’'s own analysis

In 2004 the Service Department carried out 786dno8pns and repail In comparison to the previous year,
number of orders increased by 47. The highest demand was recorded in April and Mang the lowest i
January, February and Novemb&he most frequent were warranty inspections, and-warranty repairs were
carried out the least oftethe minimum periodic demand for services was restrith the first quarter, and tl
maximum demand was observed in the second qt In 2005 719 techoal maintenance orders were comple
In the year-oryear comparison, a drop by 8.5% was recol The lowest demand for equipment repairs
identified in January, July and October, and the highest in Mamth April In the surveyed period, the mc
numerous were warranty repairs, and the le- pre-sales inspectionhe minimum number of repairs w
completed in the fourth and the maximum in the sdcquarter of the analysed y¢ In 2006 1031 servicing
activities were carried ouThe maximum dem:id was recorded in the third and the minimum inftist quarter In
relation to the previous year, a 43.4% growth vaeiified The most frequent were p-warranty repairs, while
inspection activities were the least numer The highest demand for ipsctions and repairs occurrec August,
September and October, and the lowe January, February and December.
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Fig. 2. The structure of the share of warranty pos-warranty repairs of farm machines and vehiclefiéntechnica
maintenance actives for the period 2003010 [The author’'s own stuc

In 2007 1386 orders for technical maintenance aietsvwere complete The number of activities was the high
in the third quarter, and was at a minimum levethat beginning of the yei In relatin to the previous year,
34.4% increase in services was recor The prevailing type of activities were pagérranty repairs, and the le:
numerous were prsales inspectior The highest level of orders was identifiedJuly, August, and October, &



the lowest in January, February and December. 08 20e Service Department completed 1531 orderthdiyear-
on-year comparison, this constituted a 10.5% groWtie minimum numbers of servicing activities weagried out
at the beginning of the year, and the maximum thénthird quarter. The lowest number of activitiesss completed
in January, February and November, and the highestly, August and September. In the structurerders by
type, a high level of warranty and post-warranfyaies was recorded, while the number of warransp@ttions was
the lowest. In 2009 1546 servicing activities weoenpleted. Post-warranty repairs constituted thaidant type of
activities, and the analysed period demonstratkvademand for pre-sales and operation inspectidhs. largest
number of orders occurred in July, August and Sept, while the lowest - in January, February aratdl. In

relation to the previous year, a 1.0% growth wamed. The minimum periodic demand was indicatethe@

beginning of the year, and the maximum in the thyjcdhrter. In 2010 the Service Department carried 1077

inspections and repairs. In the year-on-year coispara 14.9% growth was observed. The largest eusnbf

services were ordered by vehicles and machines useluly, August and September, while the lowesianuary
and February. The highest demand was recordedeithird and the minimum in the first quarter. Watyaand

post-warranty repairs constituted the most frequigme of activities carried out by the Service Diymeent, while

the number of orders for inspections was the lowest

THE STATISTICAL SURVEY METHOD

The results of the servicing activities surveys lenpented within the technical maintenance of faghieles and
machines, including pre-sales (P0), warranty anst-p@arranty inspections (PG-PP), warranty repai&)( and
post-warranty repairs (NP), were arranged in thienfof monthly observations. The obtained time seYjevas

subject to a statistical analysis in order to déscthe characteristics of phenomena occurringnduservicing
activities. The changes in the demand structurénfpections and repairs was analysed in the cbofexork and
operations carried out in agricultural holdingshwitthe calendar year. Preparing random variabledenit possible
to determine the trend, and random and seasomalifitions. Services provided in the agriculturduisiry were the
basis for identifying the length of rolling periods= 1, 2,.., 12. The analysis of the servicingvitets was
performed with the use of the multiplicative moaltime series components, which describes theoviatg

correlation [1, 16]:

1)
where: Y — the value of the series,

T; —the trend of the series,

S — seasonal fluctuations,

C; —cyclical fluctuations,

I; —random fluctuations.

The time series adjustment was carried out by apglgentred moving averages. The value of centregimg
averages for particular levels of the time serdgsréesented by the following equation:

_ Ly d
= ( Yos 2 Wit yt+d], o= "1 )
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The value of seasonal indices for the multiplioatiwodel is described by the formula:

1< Y
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where ¢ — the number of periodicity cycles

12
WK™ _ the average multiplicative adjustment index tta'utZQ =1200.
i=1

The adjustment index was determined on the bagtsedbllowing equation:
100[d
WK =1 4
72 (d) (4)
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The value of random fluctuations for the multiptiea index is presented in the formula:

(M)
y =Yn00 -
t(skor) Oi
The trend of the weighted average from 5 periods aetermined according to the following equation:
o
A (M) O ) 2
yt = yt :az yt(skor) EN[ for [\Nt] =3 (6)
-2 5
_1_

The average level for seasonal indices equals 100#é. value constitutes a reference for the graphiglysis of
seasonal fluctuations on the distribution of thé alevariables. The statistical analysis of theveys on the
technical maintenance of farm vehicles and machiveescarried out with the use of the R programsieer2.14.1
for Windows [2, 24].

THE STATISTICAL ANALYSISOF SERVICING ACTIVITIESIN THE YEARS 2003-2010

Inspections and repairs of farm vehicles and mashiarried out in warranty and post-warranty periby the
dealer company service in the period 2003-2010 d&amriable quantitative structure (Fig. 3). The dath for
technical maintenance increased proportionatetihgarumber of farm vehicles and machines purchasddised in
the area of the distribution and servicing actgtiThe gradual increase in the population of prtedis confirmed
by the growth in the number of technical maintemaarders. Within the first three years, the nundifeservices
was at a level lower than the one obtained dutiegsubsequent periods under analysis.

The change in the number of particular types o¥isgrg activities resulted both from their spedifjcand the
completion method. It should be emphasised thattt@mges in the technical servicing activities leaygal within
the successive months of the particular years,ialfee form of an increase in the annual demand.

Pre-sales inspections, carried out only once dutiagreparation for handing the product to thentlidepended on
the results obtained by the Sales Department. Tokk wf the Service Department concerning new prtxluc
concentrated on inspections which users were abligearry out according to the warranty conditions

Post-warranty inspections were of a facultativairefor purchasers and constituted a factor styoreglucing their
guantitative structure. An important feature ofp@stions was their periodic cyclicity after theapumended hours
of operation constituting the life-cycle of a giveshicle or machine. The number of repairs caroiedin the initial

period of operation at the producer’s cost, wittiie warranty, depended both on the production tyataterial

defects or errors in the installation process, #nedpopulation of vehicles and machines includethenwarranty

period. The gradual changes in the age structureecha rise in the number of products subject &i-parranty

repairs.

The analysis indicates significant differences e humber of servicing activities conducted in suecessive
months. The growth in demand for technical maimerain the form of inspections and repairs alsa l&aa
deepening of differences in the structure of thenlner of orders completed in the subsequent yedrs.r@inge
between the lowest and the highest level of sewgicctivities for particular monthly periods wasrfr several
dozen to several hundred percent. The comparistireofiumber of orders recorded in the first andldise year of
the surveys indicated a nearly threefold growtldémand. The increase in demand for work connecidd the
technical maintenance of vehicles and machinesinegjia development of the Service Department imseof
organisation and equipment.

Carrying out eight-year surveys of comprehensivhn&al maintenance of farm vehicles and machinadenit
possible to determine the trend, which is the gapdflection of the changes in demand for insmextiand repairs
carried out by the authorised service point (Fig.ld 2003 and in the first quarters of 2004, avgny trend was
recorded. From the fourth quarter of 2004 and thinothe majority of 2005, a declining trend was obsd, with
periods of a lateral trend during the stagnatiodexhand. From the end of 2005 to the middle of 2B@8growing
trend with a variable dynamics was recorded. Inrémaining survey period, the periods with a grayvand
declining trend interchanged.
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Yl

100
|

N

40

T T
20032 Z004 2005 2006 2007 Z00g 2009 2010 2011

Time

Fig. 4. The quantitative trend of the number ofraaty and post-warranty repairs of farm machinek\ahicles in the years

Random fluctuations (%)

2003-2010 [The author’'s own study]

140

100

30
|

60

2002 2004 2005 2006 2007 2008 2009 2010 2011

Time

Fig. 5. Random fluctuations of the number of waryartd post-warranty inspections and repairs of farachines and vehicles

in the years 2003-2010 [The author’s own study]

Random fluctuations selected from the time serfésspections and repairs are presented in Figh®.changes in
demand for the technical maintenance of farm vehkieind machines were of a dynamic nature and @abid
differences in demand levels were observed in tineeyed periods. The variability of demand for seevice work
was caused by the changeable number of requestsafticular types of services in the successive th'and



years. The structure of random fluctuations ingheveyed years justifies a thesis on the unstavel lof demand
for the technical maintenance of farm vehicles arathines. The highest amplitude of the number oficag

work carried out was recorded in the years 200520@D. Random changes in demand constituted afiseymi

organisational problem in the management procetiseagervice operation.

Adjusting for the trend as well as cyclical anddam fluctuations made it possible to calculate vh&ue of
seasonal indexes for the servicing activities comiog farm vehicles and machines (Fig. 6).
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Fig. 6. The seasonal indexes of the number of wiyrrand post-warranty inspections and repairs rofi famachines and vehicles
in the years 2003-2010 [The author’s own study]

As a result of seasonal fluctuations, in Januagpr&ary and March the number of servicing actisitieas lower
than the reference level by, respectively, 46.2909% and 4.4%. Lowering the demand for the workhefservice
point, especially in the winter period, was a resfilthe lack of field agrotechnical procedures] anless frequent
use of vehicles and machines. Commencing sprithg) diperations generated an increase in the ordénmitted to
the Service Department. The local maximum of denwwlirred in April, when the seasonal index washdighan
the reference level by 22.5%. In May and June thmahd for servicing activities was equal and exedeithe
average level by 11.6%. As a result of seasonatuiltions connected with harvesting cereal and vegetables
crops as well as autumn field work, the indiceguly, August, September and October amounted spertively,
18.7%, 37.8%, 17.7% and 4.8% above the referenad. ltn November and December, a drop in demand for
inspections and repairs was observed, and seasuleles were lower than the average level by, i@y,
18.1% and 16.2% [13].

CONCLUSIONS

1. The high level of competition on the servicing nerigenerates a number of actions modifying customer
service in connection with carrying out inspectiamsl repairs. Service employees having direct comtih
the users of the products are obliged to suppertstrvicing process with media aspects. Profedsoma
together with the ability to transfer informationdaprovide explanations in the scope and form ebepkeby
the client builds trust and reinforces loyalty tods&the company. Gaining and maintaining the udeust
depends on the effectiveness and timeliness ofettignical maintenance activities. It is also impottto
fulfil the declarations and promises regardingabarse and time needed for the completion of tindseg
tasks. The condition of success is finding a commge between areas relating to clients' expectstithre

logistic possibilities of the distribution entergpgi and the organisational and technical efficieatyhe
service point.

2. Client satisfaction results from a number of adiavhich should be undertaken during the realisatibn
technical maintenance orders. Empathy of the sereimployees constitutes one of the most important
conditions of servicing, assessed by clients aslggimportant as the time of service realisatiow dhe
declared period of work completion. An individugdproach to clients’ requirements makes it possible
find an optimum solution to the indicated probleiBfective implementation of inspections, curregpairs
and overhauls should also include the choice ohods ensuring the reduction of costs of the spares pnd
materials used, and of the time of operation, siamaéously maintaining the quality standards requfo
technical maintenance.
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3. Engineer and technical workers should have progecation in the field and undergo training to raiseir
qualifications. It is crucial to update the skid®nnected with maintenance, diagnostics and repfair
subassemblies installed in farm vehicles and mashibecause now more advanced construction and
technological solutions are applied during theadurction.

4. Inspections and repairs of farm vehicles and mashimere conducted by the Service Department with a
varying demand within all the surveyed years. i slx surveyed periods, the surveys confirmed erease
in the number of servicing activities by severaséweral dozen percent in a year-on-year comparison

5. The trend identified during the statistical anadysi the number of servicing activities varied witlthe
surveyed period. The periods with a long-term ugwaend prevailed over the time when the trend was
declining. The value and dynamics of the trend geanshould be further analysed in order to deteymin
long-term the demand for servicing activities.

6. The statistical analysis of the work carried outtsy Service Department confirmed the presencarafom
fluctuations. The unstable demand for technicalntemiance of farm vehicles and machines with high
amplitude is unfavourable for the functioning oé teervice point. Random fluctuations constituteaetdr
with a destructive influence on logistic managemehthuman and technical potential, and can lead to
extending the waiting time and the completion a¥/®éng activities.

7. The prepared distribution of values of seasonaéxed provides grounds for a hypothesis concerrirg t
significant influence of the agrotechnical work aoperations on cyclical changes in demand for the
technical maintenance of farm vehicles and machiAgsa result of seasonal fluctuations, a consluera
reduction of demand for servicing inspections aegairs occurred in January, February, November and
December, when no field work is carried out. Seakfinctuations also cause a local increase in dehfar
servicing activities during spring field work anéreal harvesting, as well as field work connecteth w
harvesting root vegetables.
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