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ABSTRACT: The estimation of required total operational width of combine harvesters beforehand,
especially for relatively big farms, is so important in terms of both the timely and possible least cost
operation. Determination of required total operational width is a little bit complicate due to the
difficulties in estimation of lost time resulted from unplanned breakdowns.

In the context of this study, reliability analyses of 14 combine harvesters with same made and
model were made based on the breakdown records which contain time between failures. The
historical data of time between failures were modeled according to Weibull Distribution with three
parameters. A developed software, namely WEPTIBFES v 2.0 was used in parameter estimation.
Additionally, the module of Monte-Carlo simulation was added into software to simulate the time
between failures.

As a result of the study, totally 2470 data from 14 combine harvesters for last 10 years were evaluated.
The estimated time between failures were calculated for given sub-systems of combine harvester. Weibull
distribution parameters, the estimation statistics of B that defines the shape of distribution were
determined. Additionally, and the result of validation tests were performed according to Kolmogorov-
Smirnov test procedure. The lowest and the highest estimated time between failure values for cutting
bar/feeding mechanism and components of control system were 82.16 and 234.74 hours respectively,
while actual values were 88.2 and 254.2 hours.
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Bigcerdoverlerde Giivenilirlik Analizi

Ozet: Ozellikle biiyik isletmelerde tahil hasadina baslanmadan énce, zamaninda ve en az kayipla
hasadin tamamlanabilmesi igin gerekli olan toplam bigerddver is genisliginin tahmin edilebilmesi
oldukca 6nemlidir. Gerekli toplam is genisliginin dogru bir sekilde belirlenmesi, arizalanmalar
nedeniyle olusacak zaman kayiplarinin tahmin edilmesindeki guigliik nedeniyle karmasik bir suregtir.
Bu calisma kapsaminda, ayni marka model 14 adet bicerdéverin ariza kayitlarina dayali olarak
arizalar arasi siire degerleri (izerinden giivenilirlik analizleri yapilmistir. Arizalanmalar arasi siire
dederleri ¢ parametreli Weibull dagiimina gére modellenmistir. Modellemenin yapilabilmesi igin
verilerin iglendigi, WEPTIBFES v 2.0 yazihmi gelistirilmistir. Ayni yazilim igerisinde verileri kullanarak
arizalanmalar arasi siirenin tahmin edilebilmesine olanak veren Monte-Carlo similasyon modiili de
bulunmaktadir.

Calisma sonucunda, 14 bicerdovere ait 10 yillik toplam 2470 veri dederlendirilmis, bicerdover alt
sistemlerine gore arizalanmalar arasi slire dederleri tahmin edilmistir. Belirlenen bicerdéver alt
sistemleri icin WEIBULL dagilimi parametreleri ayrica dagiimin seklini belirleyen p parametresine
iliskin istatistikler ve gecerlilik testi sonuclari verilmistir. Buna gore; en kiicik ve en blyilk
arizalanmalar arasi tahmini siire degerlerinin kesme tablasi/besleme diizeni ve kontrol sistemi
elemanlari igin sirasiyla 82.16 ve 234.74 saat oldugu belirlenmistir. Bu alt sistemler igin gergek
arizalanmalar arasi siire dederleri ise 88.2 ve 254.2 saat olarak hesaplanmistir.

Anahtar Kelimeler: Bicerddver, hasat, glivenilirlik, arizalar arasi siire

INTRODUCTION

In order that agricultural production may be among those related to agricultural machines
completed in time, selection of agricultural machines operation. Especially for agricultural operations like
with proper capacity is the most important decision harvesting, the machine that would provide
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completion of works in the most convenient period is
essential for estimation of work span value and
operational economics. Whereas harvesting of grains
may vary according to the type of crop and place of
cultivation, it has to be completed in a certain period
to prevent harvesting losses and prepare the field for
the second crop (Say, 2001). It is impossible to use all
of this period, defined as the optimum harvesting
time, for harvesting due to climatic conditions.
Therefore, as well as knowing about the optimum
harvesting period, ratio of workable days must also be
estimated through statistical analyses of multiyear
climatic data. Another factor that is effective on
required work span is the machine reliability value
that is not considered in calculation of field efficiency
(Hunt, 1983). It is inevitable to exceed the optimum
harvesting period during active harvesting season and
have product and income losses due to unforeseeable
breakdowns. Therefore, advance prediction of
harvester breakdowns is essential in estimation of
work span that can provide completion of harvest
within the optimum period. Prediction of reliability or
operational availability of complex self-moving
machines like harvesters is a process that requires
statistical calculations. Facts like inability to define
breakdowns properly, inability to determine
environmental and working conditions accurately, and
not knowing the active working period makes the
process more complex (Tufts, 1985). Considering the
above mentioned factors, number and characteristics
of the breakdowns must be defined and intervals
between consecutive breakdowns must be observed.
Besides, in order to repair the breakdown that occurs
during work in the field, effects of required time
parameters on machine’s working compatibility must
be examined. There is very limited number of publications
about agricultural machines in the literature.

Kumar and Gross (1977) collected breakdown
records from enterprises that use same brand and
model of rice harvesting machines of 1 to 5 ages.
WEIBULL distribution was used in modelling of failure
rate of three different sub-systems. Intervals between
breakdowns calculated by defined WEIBULL
distribution parameters and real field data were
compared and the results came out to be consistent.

Ward et al (1985) defined repair costs and
reliability values of silage mechanisation system under

working conditions. Accordingly, data were collected
from 145 machines of 4 different types making up the
silage mechanisation system. As well as data like the
number of breakdowns and repair time, data like total
working hours, total harvested area, machine age and
accumulated use hours were also analysed. Results of
the study showed that for each machine type, repair
costs were higher than the values defined in former
studies. Besides, self-propelled harvesting machines (150
breakdowns/1000 ha) came out to be more reliable
compared to trailer type harvesting machines (250
breakdowns /1000 ha).

Bohm (1993) realised a research study over
breakdown records of 18 different tractor models to
find out number of breakdowns in one tractor,
number of breakdowns per 1000 working hours, and
repair costs in both cases. It was found out that
yearly average working time of the tractors was 391
hours, 6.3 breakdowns occurred in average and total
average repair time was 5.40 days. Besides, it was
emphasised that frequency of breakdowns is directly
proportional to the age of the machine.

In their study, Say and Isik (1997) considered the
parameters and methods used to define reliability,
and the opportunities to make use of these during the
planning stage. Within this study, failure rate
occurring in a group of seeding machines working in
one seeding season and operational availability values
were calculated. As a result, reliability of 4 combined
grain seeding machines working in one seeding
season came out to be varying between 0.78 and
0.99. Furthermore, considering that these machines
working at the same time constitute a machinery
system, an equation to be used in calculated of
system reliability was developed.

Laine and Jarvenpaa (1998) executed a
questionnaire covering 500 enterprises to find out the
reliability and actual maintenance costs of tractors
and harvesters in Finland. Average tractor engine
power came out as 74 kW, average tractor age came
out as 8.2 years and average yearly working time
came out as 618 hours. Average harvester age was
9.9 years, average yearly use was 121 hours and 105
ha/years. According to the results of this study,
breakdown frequency (number yearly breakdowns per
machine) came out as varying between 0.6 to 1.2 for
tractors of 1-15 years and 0.6 to 2.1 for harvesters



that were used between 500 to 2000 hours in
cumulative.

In this study, ten-year breakdown records of 14
harvesters of the same brand and model used in grain
harvesting under the same operational conditions
were examined, and intervals between breakdowns
were modelled using Weibull distribution.

MATERIAL and METHOD
Material

Harvesters used in examination of breakdown data
are CLAAS brand Dominator 88 S type harvesters
used in Ceylanpinar Agricultural Farm. Harvesters are
5 straw walker types and harvesting width is 5.1
meters. Threshing drum speed of harvesters with
110kW engine power can be adjusted between 650-
1500 mint. Breakdown data of the 14 harvesters with
ten-year breakdown records among the 70 harvesters
owned by the enterprise were gathered from the
records of the enterprise to be used in calculations.

Time between failures data were processed in the
developed Weptibfes v 2.0 software. All of the
harvesters having average yearly working hours of
472+16.1 from 1989, in which they were purchased,
to 1999 had been used in harvesting of wheat and
lentils cultivated in irrigated and dry conditions.
Average cumulative working hours within the above
mentioned period is 5047+67.35.

Method

Reliability of a machine is its probability to perform
its function within a defined period with certain
restrictions under certain conditions (ASAE, 1994;
Billinton and Allan, 1992). Machine’s operational
availability is the proportional expression of reliability;
therefore it is the period in which the machine can
perform its function without any breakdowns (Tufts,
1985). Reliability of any equipment is related to
frequency of failures and frequency of failures is
expressed by the "mean time between failures”.

The parameter defining a machine’s reliability is
the failure rate (A). This value is the characteristic of
breakdown occurrence frequency. Failure rate is equal
to the reciprocal of the mean time between failures
(MTBF) defined in hours (Calobro, 1962; Tufts, 1985;
Billinton and Allan, 1992). Therefore;
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The main issue considered under reliability theory
is to define according to which statistical distribution
breakdowns occur, that means defining of the
occurrence characteristic of failure probability. Failure
probability is defined by a probability distribution
indicating ratio of breakdowns versus time. Therefore,
failure rate is deterministic in selection of statistical
distribution. Distribution to be selected is the intensity
function of breakdown probability that occurs
depending on a continuous chance variable.

Breakdown is a situation that decreases work
efficiency of any equipment and it is examined under
3 different categories during physical use of the
equipment (Kumar and Gross, 1977; Billinton and
Allon, 1987). These are, breakdowns that occur in the
early years of use, breakdowns that occur during
useful life period machine and breakdowns that occur
in the wearout period of the machine (Figure 1).

Early Failure
Period

Uzeful Life
Period

Wiearout
Period

Failure Rate
|

|

|

E=RR

Wiarking Time (hours) ==

Figure 1. Sample reliability curve (bathtub curve)

WEIBULL distribution, which is a multi parameter
distribution, is a very flexible statistical distribution
that increases or remains stable as the parameter
values change and used in defining of breakdown
ratio values (Weibull, 1951; Tufts, 1985). Intensity
function of WEIBULL breakdown probability can be
formulised as below (Billinton and Allan, 1992):

-
- 1) |
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fx= | [2]
0 in other conditions
\




Reliability Analysis of Combine Harvesters

In the equality, o is scale parameter, B is function
shape parameter or WEIBULL slope, y is location
parameter or the limit of bottom lifespan. Shape
parameter (B) defines the general shape of
distribution. In other words, it is deterministic on
whether the model has an increasing, stable or
decreasing failure rate.

There is a wide variety of methods to be used in
estimation of WEIBULL parameters. Least squares
method has been used in the study. The equality after
natural logarithmic conversions is as follows:

y=|nln{ m=g; ¢c=-Ina:x =Inx -[3]

1 .
1-F(x) |’

1 :
l—F(x)] is placed

in the ordinate and Inx is placed in the abscissa after
converting WEIBULL cumulative distribution function
into a linear equality with a certain slope. After this
stage, @ and B parameters may be estimated by
regression analysis depending on least squares
method. It has been tested by "“Kolmogorov -
Smirnov Test” whether distribution used for modelling
of the time between failures represent real conditions
within acceptable limits.

After estimation of WEIBULL parameters, it must
be decided on how this distribution is going to be
used for planning in the farm. Monte-Carlo simulation
method is used for this purpose in reliability studies
(Kumar and Gross, 1977). Through Monte-Carlo
simulation method, random time between failures are
obtained from a probability distribution whose
intensity function is f(x). For this, t must be solved in
the equality below.

A linear graphic is obtained if lnln[

When the equality

t 1 xP
y_JBXB e & M, [4]
0 o

is integrated, following equation is obtained:
P P

y=1l-e & =l-y=e O . [5]

Because y value is coincidentally produced between 0
and 1, 1-y is also a coincidental value within the

same interval. When equation number [5] is solved
for t, either of the following is obtained:

p
_L:_m(]__y) 1o) G TT T T T T YT T [6]
o

t=[ol-In@-YNPoee 7]

t value represents the time between failures. When
modelling the time between failures, the combine
harvester has been classified into 5 sub systems
performing different function. These systems are:
1) Cutter bar and feeding system, 2) Control system
elements (hydraulic, electronic systems), 3) General
motion transmission elements, 4) Threshing and
separating system, 5) Cleaning and unloading system.

At the end of modelling, value of o, B and
standard deviation of B for each sub system, and the
estimated average interval between breakdowns were
calculated. Besides, results of Monte-Carlo simulation
made according to Weibull parameter values for
harvester sub systems were given as screen shots in
the research findings section.

RESEARCH FINDINGS

General Results Related to the Breakdowns
Number of breakdowns and proportional distribution of

these breakdowns for 14 harvesters and their sub systems

for ten-year harvest period are given in Table 1.

Table 1. Number of breakdowns and their shares
among total number of breakdowns

Sub Svstem Number of Total Ratio
\ Breakdowns* %
865
Cutter bar and feeding | 150y feeding elev. 35.0
mechanism (CFM) (505) cutter bar '
(180) rev. reel-feeder
309
Control System Elements | (74) fuel system
(141) hydraulic 12.5
(CSE) components
(94) engine
General Motion 401
Transmission Elements | (284) main power beit 16.2
(80) rack pulley ball
(GMTE) (37) main pulley bolt
Threshing and 436
Separating System (153) beater - concace 17.7
(87) splitter
(TSS) (196) straw walker
459
Cleaning and Unloading | (32g) sieve system 18.6
System (CUS) (60) Unloading auger '
(71) Cleaning fan
Total 2470 100

*: Breakdowns according to sub systems are given in a general classification, but
detailed definition of defective parts are not given in the table.



As seen in the table, 2470 breakdowns were
processed according to sub systems in the Weptibfes
v 2.0 software. The mean time between failures for
the sub systems are calculated 88.2+1.1,
254.2+11.2, 192.6+5.3, 177.5+4.7, 168.2+3.95
hours for CFM, CSE, GMTE, TSS, CUS respectively.

Weibull Distribution Parameters

Weibull parameter values obtained by processing
of time between failures of sub systems in developed
WEPTIBFES 2.0 software are given in Table 2. In
Table 3, standard deviation for parameter g,
confidence limits and the estimated mean time
between failures (M7BF) are displayed.

Table 2. Weibull Distribution Parameters

Sub System o B
CFM 8812.38 2.01
CSE 18 798 436 3.01
GMTE 32 017 095 3.24
TSS 2 024 588 2.73
Cus 20033 1.91

Table 3. Evaluation of parameter g8

Standard | Reliabili Estimated
Sub System Deviation Intervatly AIBB
CFM 0.2691 1.48-2.54 82.16
CSE 0.1229 2.77-3.25 234.74
GMTE 0.1120 3.02-3.46 182.58
TSS 0.1453 2.45-3.02 180.68
Cus 0.1467 1.63-2.20 157.58

WEPTIBFES v 2.0 Screen Shots
After Weibull parameters estimation from the time

between failures, parameter values calculated for
each sub-system were transferred to the Monte-Carlo
simulation process included in the Weptibfes v 2.0
software as a module. Relative and cumulative
function values and graphical display of cumulative
distribution function and results of Monte-Carlo
simulation related to observation values according to
real and theoretical time between failures for each
sub-systems of harvesters are given in the figures
below.
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Figure 2. Relative and cumulative frequency values
related to time between failures for cutter bar and
feeding mechanism.
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Figure 3. Graphical display of cumulative distribution
function according to real and theoretical time
between failures for cutter bar and feeding
mechanism (a=0.01; d.cuation (0.0351)<dtapie
(0.0554)).
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Figure 4. Results Screen for Monte-Carlo simulation
according to WEIBULL distribution parameters
calculated by failure data of cutter bar and feeding
mechanism.
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Figure 5. Relative and cumulative frequency values
related to time between failures for Control System
Elements.
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Figure 6. Graphical display of cumulative distribution
function according to real and theoretical time
between failures for Control System Elements

(@=0.01; d.aicuiation (0-0322)<dapie (0.0927)).
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Figure 8. Relative and cumulative frequency values
related to time between failures for General Motion
Transmission Elements.
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Figure 9. Graphical display of cumulative distribution
function according to real and theoretical time
between failures for General Motion Transmission
Elements (a=0.01; dcaicuiation (0.0246)<dtabie (0.0814)).
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Figure 7. Results Screen for Monte-Carlo simulation
according to WEIBULL distribution parameters
calculated by failure data of Control System
Elements.
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Figure 10. Results Screen for Monte-Carlo simulation
according to WEIBULL distribution parameters
calculated by failure data of General Motion
Transmission Elements.
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Figure 11. Relative and cumulative frequency values
related to time between failures for Threshing and
Separating System.

f weptinfes 2.0 Turkge

Hicse Dvefpatia | Paraenate Disgere | Giarpek: - o | gl Teati| Grafil: ASAGS | Grafie2 ASA 57 [GabiASAYD ]| Syve

ijlmah Frekans |7
10

0

w 4+

@0 100 150 200 20 00 e 0 450

Anzalar Aras) Sire [Saat]

Figure 12. Graphical display of cumulative
distribution function according to real and theoretical
time between failures for Threshing and Separating
System (@=0.01; d..icuiation (0-1241)>d¢apie (0.0781))
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Figure 14. Relative and cumulative frequency values
related to time between failures for Cleaning and
Unloading System.
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Figure 15. Graphical display of cumulative
distribution function according to real and theoretical
time between failures for Cleaning and Unloading
System (@=0.01; daicuiation (0-1241)>dapie (0.0781))
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Figure 13. Results Screen for Monte-Carlo simulation
according to WEIBULL distribution parameters
calculated by failure data of Threshing and
Separating System.

Figure 16. Results Screen for Monte-Carlo simulation
according to WEIBULL distribution parameters
calculated by failure data of Cleaning and Unloading
System.
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According to results of validity test, time between
failures in all sub-systems except threshing and
separation sub-system came out to be consistent with
WEIBULL distribution. Although it was determined by
D-test (Kolmogorov-Smirnov test) that time between
failures in threshing and separation sub-system
components could not be explained by WEIBULL
distribution, WEIBULL distribution can be used in
estimation of mean time between failures in the farm
within tolerable error limits.

DISCUSSION and CONCLUSION

Determination of time losses within daily working
time planned by the farm managers for harvesting
due to machinery breakdowns is very important for
estimation of work span before the season. Harvest
that cannot be completed in its optimum period
causes crop losses and therefore time costs.

Estimated time between failures obtained in the
research and calculated by simulations may guide
farm managers about failure frequency of future
harvest seasons. Besides, these values may be used
for calculation of spare part stocks.

According to TUIK (Turkish Statistical Institute)
(Anonymous, 2008), 7653 (58.5%) of the total 13084
registered harvesters used in 10° ha of grain fields as
of 2008 are of age 11 or over. Furthermore, 3996
harvesters (30.5%) are above 21 years. This tells that
in our country, in which grain harvesting is made

REFERENCES

ASAE, (1994). ASAE Standards-Test and Reliability
Guidelines, ASAE EP456. American Society of
Agricultural Engineers. St. Joseph, MI. 49085-9659.

Anonymous, S. (2008). Tarim Alet ve Makine Sayilari
(Numbers of Agricultural Tools and Machines). (URL:
http://www.tuik.gov.tr/bitkiselapp /tarimalet.zul). Latest
Access: 12 June 2010

Billinton R., R. N. Allan, (1992). Reliability Evaluation of
Engineering Systems (Concepts and techniques). 453
pp. Plenum Press, New York, London.

Bohm M., (1993). Breakdowns in Agricultural Tractors.
Agricultural Engineer, Autumn 1993, p. 79-83.

Calabro, S.R., (1962). Reliability Principles and Practises.
262 pp. McGraw-Hill Book Company, Inc.

Hunt, D. (1983). Farm Power and Machinery Management.
Iowa State University Press, p. 352.

Kumar R., J. R. Gross, (1977). A Study of Combine Harvester
Reliability. Transactions of the ASAE, 20(1):30-34.

Laine A., M. Jarvenpaa, (1998). Reduction of Machine Costs
on Finnish Farms by Extending the Operating Life of
Tractors and Combine Harvesters. International
Conference on Agricultural Engineering. Part 1, pp.471-
472. Oslo 24-27 August 1998.

12

through contracting mostly, harvesters used are quite
old. This means that probability of frequent failures is
high. In order to complete the harvest in the optimum
harvest period, in which grain losses are minimal, and
to suppress interruptions due to breakdowns to the
extent possible, renewal of our harvester fleet in
proper policies is very important for the country’s
economy, as well as estimation of fleet size before the
season. Proper estimation of time between failures
through statistical distributions like the Weibull
distribution is only possible by using data from the
machines used under similar conditions. For example,
it is not possible to obtain correct results by analysing
machine breakdown data collected from farms with
different repair and maintenance policies, yearly
working hours, harvested crops and working
conditions. Furthermore, time spent for repair of the
breakdown is as important as the frequency of
breakdown for a farm. Time to repair may vary
greatly from farm to farm. Modelling of repair time
according to defective sub-system and defective
component may be possible by using similar
cumulative distribution functions for enterprises with a
certain repair and maintenance policy.

There has been a limited number of similar
researches and this research is different in having
collected breakdown data of relatively homogeneous
operational conditions.

Say, S.M., A. Isik, (1997). Tarim Makineleri ile Calismada
Arizalanma  Orani  ve  Glvenilirlik  Degerlerinin
Belirlenmesi (Determination of Breakdowns Ratio and
Reliability Values when working with Agricultural
Machines). Tarimsal Mekanizasyon 17. Ulusal Kongresi
Bildiri Kitabi (Book of Papers for 17" National Agricultural
Mechanisation Congress): 130-137. 17-19 September,
Tokat.

Say, S.M. (2001). Bigerdoverle Hasatta Bigerdover Calisma
Giivenilirliginin Belirlenmesi ve Park Planlamasi Uzerinde
Bir Arastirma (A Research Study on Determination of
Harvester Reliability in Harvesting and Park Planning).
C.U. FBE, Doctoral Thesis, 157 pages.

Tufts, R.A. (1985). Failure Cause, Frequency, and Repair for
Forest Harvesting Equipment. Transaction of the ASAE
28 (4):1673-1677.

Ward S.M., M.B. Cunney, P.B. McNulty, (1985). Repair
Costs and Reliability of Silage Mechanisation Systems.
Transaction of the ASAE 28 (3):722-725.

Weibull, W., (1951). A Statistical Distribution Functions of
Wide Applicability. Journal of Applied Mechanics, 18:293-
297.



