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Abstract. This paper is focused on evaluation of operating reliability of grain harvesters. The aim 

of research is to improve the efficiency of combine harvesters by calculations which indicate a 

minimum annual performance and try to move in profit despite the high annual costs. Methods 

of paper containing all conditions of monitoring and evaluating of responsibility of grain 

harvesters. Those harvesters worked in real operating conditions. During three years of 

monitoring all important and other facilities and conditions of watching were recorded. After 

accumulation of information, their following working was set out according to the given literary 

sources and according to the own discretion based on experience during monitoring. The last part 

is focused on evaluating results and personal proposals how to make individual components work 

more effective. The most important results was recorded in case of turning point calculation 

where in years 2013, 2014 and 2015 at values 157.93, 156.19 and 166.86 ha year-1, respectively. 

However, real annual performance was recorded at values 760.5, 604.6 and 905.5 ha year-1. Thus, 

in all years of observation the grain harvester finished in profits. 

Key words: harvester, reliability, performance, cost, turning point. 

 

INTRODUCTION 

 

Agriculture is, certainly, one of the most important industries in the world. It is 

mainly from two aspects. The first is a fundamental aspect of food security for the 

population of different countries. The second aspect, which is not less important, is a 

forage production for livestock production and raw materials for other industries (de 

Toro et al., 2012; Findura et al., 2013, Nozdrovický et al., 2013). 
In Slovakia, crop production has still a large enough presence in the cultivation of 

cereals. Grain harvest is the most difficult operation in agriculture. The harvest belongs 

to the activities where you can clearly see the result of all seasonal efforts (Žitňák et al., 
2014; Žitňák et al., 2015). Grain harvesters are used during grain harvest. In the past, 

harvesters were part of all cooperatives, but today the trend shifted to organizations that 

provide harvest work and relieve the other organizations from the costly operation of 

grain harvesters. Whereas any one of grain harvest has different conditions (Lee et al., 

2016), a great attention must be paid to precise adjust of different parts and components 

of grain harvester. When errors occur, unwanted harvesting losses certainly displease 

every farmer (Korenko et al., 2012a; Korenko et al., 2012b; Vladut et al., 2012; Korenko 

et al., 2015). 
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Nowadays in modern agricultural machinery, including grain harvesters, it is very 

important to use them effectively with the highest emphasis on performance and quality 

of work. The recent grain harvesters are equipped with modern features that provide 

much higher performance than in the past (Craessaerts et al., 2010; Hanna & Jarboe, 

2011; Beloev et al., 2012; Singh et al., 2012; Bujna & Beloev, 2015). 

The role of this paper is to monitor John Deere 9660 WTS harvester. The harvester 

is the property of GoldAgro, Ltd. which is mainly focused on the provision of harvesting 

services. Grain harvesters provide services throughout Slovakia, Czech Republic and a 

little of the services performed are in the border areas of Austria and Hungary. We 

conducted monitoring for the years of 2013, 2014, 2015. Calculating turning points we 

will ascertain whether the grain harvesters move in loss or profit (Prístavka et al., 2013; 
Prístavka & Bujna, 2013; Beneš et al., 2014; Prístavka & Bujna, 2014; Mašek et al., 
2015). 
 

MATERIALS AND METHODS 

 

The used data were collected during the years of 2013, 2014 and 2015 and they 

concerned mainly at the cost of the machine, the cost of amortization, capitalization of 

capital, insurance, bank interest, garaging, repairs and maintenance costs and fuel. 
 

The calculation of the costs harvesters operation 

The annual operating cost of the machine can be expressed as: 

rNsp = rNsk + rNsv (1) 

where: rNsp – operating costs of the machine, € year-1; rNsk – constant costs of the 

machine, € year-1; rNsv – variable costs of the machine, € year-1. 

Constant costs of the machine can be expressed as: 

 (2) 

where: rNsa – annual cost of the machine amortization, € year-1; rNsz – annual cost of 

the machine to interest on capital, € year-1; rNsdmv – annual cost of the machine to the 

motor vehicle tax, € year-1; rNszp – annual cost of the machine to insurance statutory, 

€ year-1; rNsu – annual cost of the machine to bank interest, € year-1; rNsvp – annual cost 

of the machine to optional insurance, € year-1; rNsg – annual cost of the machine to 

garaging, € year-1. 

Variable annual costs can be expressed as: 

 (3) 

where: rNso – the annual cost of the machine to repair and maintenance, € year-1;  

rNse – the annual cost of the machine to energy, including fuel and lubricants, € year-1; 

rNszp – the annual cost of live work, including contributions, € year-1. 
 

The costs of machine amortization 

The annual costs of machine amortization can be expressed as: 

 (4) 
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where: COs – cost of machine; €; as – depreciation rate for machinery, %. 

Unit costs of machine amortization can be expressed as: 

 (5) 

where: rWs – annual machine performance, ha year-1. 
 

The costs of interest on capital 

The annual costs of interest on capital can be expressed as: 

 (6) 

where: COs – costs of machine, €; CZs – net value of the machine, €; z – interest on own 

capital, %; KZ – mathematical correction calculating the remuneration. 

while: 

 (7) 

Unit costs of interest on capital can be expressed as: 

 (8) 

where: rWs – annual machine performance, ha year-1. 
 

The cost of vehicle tax 

From the 1st of January 2005 the road taxi s replaced by the so-called motor vehicle 

tax. Motor vehicle tax are imposed (in accordance with the provisions of Law no. 

582/2004 on local taxes and local fees for municipal waste and minor construction waste 

and the provisions of Law no. 583/2004 on budget rules of local governments and 

amending certain laws) by independently higher territorial units (HTU). This regulation 

include the amount of tax scales. 

Pursuant to EC-Regulation. 582/2004 and generally binding regulations of the 

Higher Territorial Units (HTU), tax is not applied to the agricultural working machine. 
 

The costs of compulsory liability insurance for damage caused by motor 

vehicles 

The annual cost of liability insurance can be expressed as: 

 (9) 

where: rNszp – annual rate of liability insurance for damage caused by motor vehicles 

for the machine, € year-1. 

Unit cost of liability insurance can be expressed as: 

 (10) 

where: rWs – annual machine performance, ha year-1. 
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Costs associated with the use of external sources of capital 

Annual cost of bank loan can be expressed as: 

 (11) 

where: SBUs – total payment of a bank loan for the acquisition of machinery, including 

interest, €; Is – principal, €; ts – operation time of machine, years. 

Unit costs of a bank loan can be expressed: 

 (12) 

where: rWs – annual machine performance, ha year-1. 
 

The costs of optional insurance 

The annual cost of machine optional insurance can be expressed as: 

 (13) 

where: COs – cost of machine, €; p – negotiated insurance rates, %. 

Unit costs for an optional insurance of the machine can be expressed as: 

 (14) 

where: rWs – annual machine performance, ha year-1. 
 

Costs of garaging  

The annual cost of garaging can be expressed as: 

 (15) 

where: ls – machine length, m; bs – machine width, m; sgps – annual fee for the use of 

garage area, € m-2 year-1. 

Unit costs for garaging can be expressed as: 

 (16) 

 

Costs of repairs and maintenance 

Mid-unit cost of repairs and maintenance can be expressed as: 

 (17) 

where: rWns – annual normative performance of the machine, ha year-1. 
 

Qualified estimate of the cost for repairs and maintenance 

A simple estimate of the annual cost of the machine for repair and maintenance can 

be expressed as: 

 (18) 
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where: rNsa – annual cost of amortization with linear way of depreciation, € year-1;  

ko – coefficient of repairs. 

Standard method for calculating annual costs of the machine for repair and 

maintenance can be expressed as: 

 (19) 

where: rNsa10 – annual cost of amortization at 10 years of operation in, € year-1;  

ko – coefficient of repairs; rWs10 – mid-annual machine utilization at 10 years of 

operation, ha year-1; rWns – standard annual machine utilization, ha year-1. 

The unit estimate of the cost for repairs and maintenance can be expressed as: 

 (20) 

while a coefficient of repairs is given by the ratio and can be expressed as: 

 (21) 

where: rNso – annual cost of repairs at the time of use, € year-1; rWns – annual machine 

performance at the time of use, € year-1; rNsa – annual cost of the machine for 

amortization, € year-1. 
 

Costs of machine for energy 

The annual costs of the machine for energy without VAT can be expressed as: 

 (22) 

 

where: Q – energy consumption (fuel), l ha-1; Ce – cost of energy (fuel) including VAT, 

€ l-1; DPHUP – VAT rate for hydrocarbon fuels, %; rWs – machine performance, ha year-1; 

PSM – premise of lubricants consumption, %. 

Unit costs of the machine for energy can be expressed as: 

 (23) 

 

The cost of living labour 

Annual costs of living labour can be expressed as: 

 (24) 

where: Shod – hourly rate, € h-1; ƩODV– sum of contributions pertaining Shod, %;  

RP – scope of work, h year-1; CN – travel expenses, € h-1. 

Unit costs for living labour can be expressed as: 
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 (25) 

where: rWs – annual performance of the machine, ha year-1. 
 

Pricing mechanized work 

The price of mechanized work can be expressed as: 

 (26) 

where: CMPs – price of mechanized work of the machine, € ha-1; MZ – profit margin, %. 

 

RESULTS AND DISCUSSION 

 

John Deere WTS 9660 harvester with a daily output of 30–40 ha, cutting table with 

a length of 6.6 meters, adapters for sunflower and maize of Oros brand with 6 rows with 

a daily output of 15 to 20 hectares, built in 2006, power of 340 PS, 4 x 4, hill master 

engine capacity 8.13 liters, number of cylinders 6, container volume 9,000 litters, 700 

litters fuel tank. John Deere harvester with the year of manufacture 2006 when it was 

also purchased by the GoldAgro organization cost € 215,760 (Table 1). The full price 

was paid in 2009 and economically depreciated in the same year. Own funds accounted 

for the amount of € 75,000 and € 140,760 was a bank loan. Each of costs is shown in 

Table 1–4. 
 

Table 1. Operation parameters of John Deere WTS 9660 

Characteristics of John Deere WTS 9660 operation parameters 

Years 2013 2014 2015 

Cost of the machine, € COs 215,760 215,760 215,760 

Own funds, € VKs 140,760 140,760 140,760 

Bank loan, € BUs - - - 

Plan. net machine price, € ZCs 0 0 0 

Depreciation, years  - - - 

Rate of remuneration on current accounts, % Z 5 5 5 

Real annual performance, ha year-1 rWs 716.50 604.60 905.50 

Real hourly performance, ha h-1 hWs 2.2 2.2 2.6 

Normative annual performance, ha year-1 rWsn 1,000 1,000 1,000 

Normative hourly performance, ha h-1 hWsn 2.5 2.5 2.5 

Real fuel consumption, l ha-1 Qs 17 16 17 

Normative fuel consumption, l ha-1 Qsn 14 – 16 14 – 16 14 – 16 

Diesel price incl. VAT, € l-1 Ce 1.314 1.409 1.371 

Premise of lubricants consumption, % PSM 18 33 41 

Engine power, kW Pm 249 249 249 

Machine width, mm bs 3,250 3,250 3,250 

Machine length, mm ls 8,900 8,900 8,900 

 



823 

Table 2. Table of fixed costs in annual terms for John Deere 9660 WTS in 2013, 2014, 2015 

Item costs Units 2013 2014 2015 

Costs of amortization € year-1 - - - 

Costs of interest on capital € year-1 5,124.30 5,124.30 5,124.30 

Costs of vehicle tax € year-1 - - - 

Costs of insurance for damage € year-1 82 82 82 

Costs of ban interests € year-1 - - - 

Costs of optional insurance € year-1 2, 157.60 2,157.60 2,157.60 

Costs of garaging  € year-1 134.64 134.64 134.64 

Total € year-1 7,498.54 7,498.54 7,498.54 

 
Table 3. Table of variable costs in annual terms for John Deere 9660 WTS in 2013, 2014, 2015 

Item costs Units 2013 2014 2015 

Costs of repairs and maintenance € year-1 3,058.00 3,000.50 4,156.00 

Costs of fuel € year-1 15,738.42 15,106.69 24,797.77 

Costs of live labour € year-1 2,224.47 1,877.69 2,811.25 

Total € year-1 21,020.89 19,984.88 31,765.02 

 
Table 4. Table of total costs in annual terms for John Deere WTS 9660 for the years of 2013, 

2014, 2015 

Item costs Units 2013 2014 2015 

Total annual costs € years-1 28,519.43 27,483.42 39,263.56 

Total annual revenues € years-1 54,019.42 49,026.84 60,693.17 

Variable units costs € ha-1 29.32 33.04 35.06 

 

John Deere WTS 9660 (2013) 

John Deere WTS 9660 (in 2013) had a performance of 716.50 ha year-1, and we 

calculated the defined turning point (Fig. 1; Table 6) at a value of 157.93 ha year-1 

(Fig 2). Thus, in 2013 the grain harvester finished in profits (Table 5). 
 

Table 5. Determination of the minimum annual performance of John Deere 9660 WTS in 2013 

John 2013 

Deere Labour price, € ha-1 rNsk, € year-1 jNsp, € ha-1 rWmin, ha year-1 

WTS 9660 76.80 7 498.54 29.32 157.93 

 
Table 6. Data table for calculating the turning point of John Deere 9660 WTS in 2013 

rWs, ha year-1 rNsk, € year-1 rNsv, € year-1 rNsp, € year-1 rVs, € year-1 

0 7,498.51 0 7,498.51 0 

157.93 7,498.51 4,630.50 12,129.01 12,129.01 

400 7,498.51 11,728 19,226.51 30,000 

800 7,498.51 23,456 30,954.51 60,000 

1,200 7,498.51 35,184 42,682.51 90,000 

1,600 7,498.51 46,912 54,410.51 120,000 

2,000 7,498.51 58,640 66,138.51 150,000 

2,400 7,498.51 70,368 77,866.51 180,000 

2,800 7,498.51 82,096 89,594.51 210,000 

3,200 7,498.51 93,824 101,322.51 240,000 
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Figure 1. Graph of John Deere WTS 9660 turning point for 2013. 

 

 
 

Figure 2. Graph of John Deere WTS 9660 performance for 2013. 
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John Deere WTS 9660 (2014) 

John Deere 9660 WTS 2014 grain harvester had a performance of 604.60 ha year-1, 

and we calculated the defined turning point (Fig. 3; Table 8) at a value of  

156.19 ha year-1 (Fig. 4). Thus, in 2014 the grain harvester finished in profit (Table 7). 

 
Table 7. Determination of the minimum annual performance of John Deere 9660 WTS 2014 

John 2014 

Deere Labour price, € ha-1 rNsk, € year-1 jNsp, € ha-1 rWmin, ha year-1 

WTS 9660 81.05 7,498.54 33.04 156.19 

 
Table 8. Data table for calculating the turning point of John Deere 9660 WTS 2014 

rWs, ha year-1 rNsk, € year-1 rNsv, € year-1 rNsp, € year-1 rVs, € year-1 

0 7,498.51 0 7,498.51 0 

156.16 7,498.51 5,159.52 12,658.03 12,658.03 

400 7,498.51 13,216 20,714.51 30,000 

800 7,498.51 26,432 33,930.51 60,000 

1,200 7,498.51 39,648 47,146.51 90,000 

1,600 7,498.51 52,864 60,362.51 120,000 

2,000 7,498.51 66,080 73,578.51 150,000 

2,400 7,498.51 79,296 86,794.51 180,000 

2,800 7,498.51 92,512 100,010.51 210,000 

3,200 7,498.51 105,728 113,226.51 240,000 

 

 
 

Figure 4. Graph of John Deere WTS 9660 performance for 2014. 
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John Deere WTS 9660 (2015) 

John Deere 9660 WTS (in 2015) had a performance of 905.50 ha year-1, and we 

calculated the defined turning point (Fig. 5; Table 10) at a value of 166.86 ha year-1 

(Fig. 6). Thus, in 2015 the grain harvester finished in profits (Table 9). 
 

Table 9. Determination of the minimum annual performance for John Deere 2015 

John 2014 

Deere Labour price, € ha-1 rNsk, € year-1 jNsp, € ha-1 rWmin, ha year-1 

WTS 9660 80.00 7,498.54 35.06 166.86 

 

Table 10. Data table for calculating the turning point of John Deere 9660 WTS in 2015 

rWs, ha year-1 rNsk, € year-1 rNsv, € year-1 rNsp, € year-1 rVs, € year-1 

0 7,498.51 0 7,498.51 0 

166.86 7,498.51 5,850.11 13,348.62 13,348.62 

400 7,498.51 14,024 21,522.51 30,000 

800 7,498.51 28,048 35,546.51 60,000 

1,200 7,498.51 42,072 49,570.51 90,000 

1,600 7,498.51 56,096 63,594.51 120,000 

2,000 7,498.51 70,120 77,618.51 150,000 

2,400 7,498.51 84,144 91,642.51 180,000 

2,800 7,498.51 98,168 105,666,51 210,000 

3,200 7,498.51 112,192 119,690.51 240,000 

 

 
 

Figure 5. Graph of John Deere WTS 9660 turning point for 2015. 
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Figure 6. Graph of John Deere WTS 9660 performance for 2015. 

 

After evaluating all the data we came to the conclusion that the organization 

GoldAgro, Ltd. should increase the performance of individual harvesters. It can be 

managed by the lowest possible downtime for repairs and maintenance as well as the 

maximum effort in searching the new customers at the most reasonable means of 

transport between the different places of operation (Mašek et al. 2015). 

 

CONCLUSIONS 

 

Agriculture in Slovakia has a great potential but organizations that operate in it are 

just survived from day to day. Without the state subsidies for purchasing agricultural 

machinery for the renewal of its fleet, it will be very difficult. The competition is intense 

even within the provision of harvest services. Some organizations offer their work only 

to cover their costs without any extra profit. The quality of the harvest depends on 

different types of machines. Nowadays there are various brands of harvesters with 

different power and size mower clip. GoldAgro, Ltd. organization where we concerned 

with this issue is the evidence that a high cost of harvesters can bring profit only after 

quite a few years, if ever. It is important to ensure the efficient use of harvesters and try 

to raise the actual annual performance. Raising performance should be done by searching 

of new customers who are interested in harvest services and set price of labour so as to 

be acceptable to both sides. 

The facts that we came to in the research show us that the performance what we 

achieve depends on technology and service of harvesters. We can see that the older 

machine that has already been in service for years would lack such performance as a new 

machine that has advanced technologies built in to achieve the highest possible 

performance 
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about the effect of technological parameters of the surface coating in agricultural and forestry 

techniques for qualitative parameters, safety and environmental acceptability. 
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