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Abstract: Contemporary production of machines and equipment for the modern agriculture farms should
meet current production trends that enable production in accordance to qualitative requirements providing the
high level of the machines and equipment applying in the agriculture industry. Production course realization
should be matched to the level of quality expected by the customer/user. According to this assumption in the
production process there is necessary appropriate quality control with quality management tools applying. The
article presents quality level analysis in the production of the harvester combines at high level producer in
Germany production company.
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INTRODUCTION

Quality is the crucial element of the production course realized in all kinds of industries
including production for agriculture equipment. The main challenge for the contemporary
production is the process of quality problems identification and applying appropriate quality
management tools that enables solving problems related to quality identified in the machines
production.

MATERIAL AND METHODS

Kaoru Ishikawa, a professor at the University of Tokyo wondered what are the causes of
failures, which often face different types of companies. In 1962, professor Ishikawa published
assumptions of own diagram, which is called the graph of causes and effects, and because of
the distinctive appearance — it was called a fishbone diagram. The scope of this quality tool
application was initially limited to the industry, but in a short time it was proved to be useful
in many other areas. Ishikawa diagram of causes and effects allows to rank the causes of
abnormalities and interrelatedness of these reasons, using the chart. Its essence is a graphical
presentation of the analysis of the specific problem causes interrelation [16, 13, 6]. The
diagram performance should be result of the workers group effort since the causes of failures
usually have its origins in different fields of action. Therefore, the workers team should
consist of people with high expertise who will also have to disclose the reasons for the
deficiency, including problems caused by themselves. Using heuristic methods during the
scheme construction is very useful. Chart consists of arrows and descriptions, connecting in
this way that the main arrow indicates the result, which is a description of the failure, which is
studied. This is shown in Figure 1.

Categories of reasons shown in the figure 1 are usually chosen in accordance with the
principle 5M + E [1] that concerns 6 factors: man (M), machine (M), material (M), method
(M), management (M), environment (E) [4, 1, 8].

There can be also used other categories (e.g. procedures, equipment, materials,
information, people) depending on the area in which the diagram is used. Each category of
causes is extended by a further cause of details. If necessary, it be accompanied by a
secondary cause. Expansion of the diagram ends when the phenomenon is fully identified.
Graphical analysis of the problem is an ordered transfer of information, which is focused on
the data hierarchy, locating and eliminating the problem causes and it facilitates the
systematization of the possible causes of failure. Ishikawa diagram enables easy introduction
of new proposals for the problem solving process. It is also the basis for further action and
data collection in the quality improvement and production problems solving [15, 12, 10].
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Figure 1. The principle of Ishikawa diagram construction [Borkowski S., 2004].

The other quality management tool that is used in the production quality problems
identifying and solving is Pareto-Lorenz diagram based on the Pareto analysis. Pareto analysis
is a tool to determine the validity of the factors causing the problem. It was invented by Italian
economist who founded that uneven distribution of occurs exists in many areas of life (e.g.
20% of customers report 80% of all complaints). Generally, it can be stated, that 80% of all
defects is a result of 20% of the causes. This means that the quality management efforts
should be focused on eliminating the few phenomena, causes of errors that have a major
impact on the final quality of the product. Pareto analysis is applied to organize and analyze
previously collected data. It is used when production goal is to prevent [5, 2, 7]:

e negative phenomena with the greatest frequency,

¢ phenomena creating biggest costs.

Pareto-Lorenz diagram is a tool for prioritizing factors influencing the studied
phenomenon. It is a graphical view showing both relative and absolute distribution of errors
types, problems or its causes. It allows to present the data in a column diagram emphasizing
the elements which give the largest contribution to the problem. There are basic assumptions
for Pareto diagram creating process [3, 9]:

e identifying the problem to be analyzed,

o formulating a list of causes and definition of the categories,

e arranging a sets of reasons according to frequency or by costs that create an analyzed
problem,

e drawing up a column diagram (Pareto diagram) based on an ordered list,

e analysis of the diagram in the context of the Lorenz curve (that presents accumulated
values of the problem causes).

Research object characteristic

The research related to qualitative analysis of the combine harvesters production have
been realized at one of the biggest producer of equipment for agriculture industry located in
Western Germany, that is the largest manufacturer of agricultural machinery in the world,
operating for over 150 years. It currently employs close to 55,000 employees in 140 countries.
The analyzed company spends daily around $2 million for research and development.
Combine that have been tested are produced in Zweibriicken factory, where the daily
production is around 50 combines. The factory has a number of certifications, among others,
ISO 9001:2008.
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In the analyzed plant in Zweibriicken there are produced combine harvesters and forage
harvesters. In total, the factory produced approximately 7,000 pieces combine WTS 9000 per
year. The analyzed factory employs about 1,000 workers, where about 400 works in such
sectors as construction, research and development, and the other directly in production. The
main control system used in the production is a vacuum system (pull), but there are also noted
MRP and MRP I1 systems which include embossing systems (push). Analyzed combines and
tractors are produced only on the clients demand [7, 11, 17].

The analyzed object related to the study assumption is the brand combine harvester John
Deere 9000 WTS (specifically the three parts of the harvester — heeder auger finger, blades
for cutting strip and straw chopper knives). The auger’s finger and knife blades are located in
the front of the combine, and the chopper knives is located at the combine back. The eight
machines of the 9000 WTS series were tested. Each of the analyzed machine performed a
similar problem during the operation on the parts tests [14, 18, 19].

The aim of the study was to identify factors affecting the faults associated with the
fingers of the screw, razor knife and chopper blades during operation of the combine. It also
includes a preventive action which lead to minimize the number of defects during the using
equipment. Identification of the causes of production nonconformities has been done with
Ishikawa diagram and Pareto — Lorenz diagram applying.

Research findings analysis and discussion

The analyzed combine harvesters 9000 WTS production was started in the analyzed
production plant in 2001. The production of the tested harvester amounted 7000 items in
period 2001 — 2005.

Table 1. The general 9000 WTS combine model specification

Engine: Brand: The analysed model:

Type: 9540i - 6068HZ060
9560i - 6068HZ470

Engine power (in accordance to ECE-24)
with at 2300 r / min

9540 -158KW (215hp)
9560 -181KW (248hp)

Capacity: 6.8 L (414 cu. in.)

Air filter: Dry with safety element

Thermostat (two) 82 C (180 F)
Electrical system:12 volt (120-amp alternator)
Transmission: 3 speed
Brakes: Hydraulic
Cylinder: Number of rasp bars 10
Concave: Type: 13 open bar
Beater Number of leaves 8
Beater grate Type: Open bars. Adjustable in two
places
Number 10
Finger rake Type: Regulated
Separator Type: Straw walkers
Straw walkers: Type: Universal
Number of walkers 5
Separator power: Type: withdraw able
The fingers number 15
The grain tank Capacity: 7500 L (213 bu.)
Average time to empty the tank 4200 L/min. (120 bu./min)
Weight Without heeder 9540-12720 kg
9560-12580 kg
The fuel tank Capacity 700 L

Source: own study based on the data from the company X.
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The analyzed combine harvesters allow for the quick set, while reducing to a minimum
the number of lost grain, high yield at harvest f the each plant kind in all conditions. The
specification of the 9000 WTS combine was presented in table 1.

RESULTS

The first stage of the qualitative problems identification was related to Ishikawa
diagram applying to identify main problems related to the product elements quality level. The
main problem identified in the production of elements for the tested combine harvester
concerns the fracture of auger fingers that cause the lower quality level of the produced
combine harvesters.

Ishikawa diagram graphically presents the relationship between the causes and the
problems associated with a particular concept to solve these problems. This tool helped in
illustrating the main causes of faults identified in the production of combine harvester 9000
series associated especially with the combine part - heeder of auger fingers. Figure 2 shows
the application of Ishikawa diagram in the presentation of nonconformities identified in the
production of the heeder.

As it results from the analysis of the Ishikawa diagram (Fig. 2), where the main
identified quality problem concerns fractures of the auger fingers, factors from the group
“man” and “nature” have the greatest impact on the quality problems identified for heeders
production. Therefore, the human labor should be taken into consideration as the quality
problems source in the production. The action, which significantly improve the fault
associated with the fingers of the screw is workers training within the problematic issue.
Wrong setting of the heeder for high speed during harvest belong to the mistakes group that
were committed, and much affecting the machine operation.

The Pareto — Lorenz analysis is used to determine the priority of corrective and
preventive measures. It is a technique that allows carrying out activities aimed at improving
the quality level. The primary source of information about the reasons for breaking up of the
heeder fingers come from the owners of the analyzed combine harvesters 9000 series 600R
with the heeder (Table 2).

Table 2. Basic data about the Combine harvesters 9000 series 600R
with the heeder

Model of the combine The production year The working hours number
9640 WTS 2002 2086
9580 WTS 2002 2133
9680 WTS 2003 1986
9640 WTS 2004 1960
9640 WTS 2002 1854
9680 WTS 2003 2033
9580 WTS 2004 1366
9560 WTS 2002 1798

Source: own study based on the data from the company X.
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Figure 2. The Ishikawa diagram for the identified quality production problem: fracture of the auger fingers.
Source: own study based on the data from the company X.
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The study was conducted in 4 years of analysed machine operation. The data obtained
from the survey are shown in Table 3. The obtained data are the basis for the preparation of
Pareto — Lorenz diagram (Fig. 3), which identified frequently mentioned reasons for breaking
of the auger fingers during operation of studied 8 machines:

¢ W1 - enters the stones to the heeder auger,

¢ W, - driving too fast while mowing,

¢ W3 - poor heeder setting,

¢ W, - too low mowing height,

¢ Ws - too much grain mass,

¢ Ws - bad quality of the auger finger.

As it results from the analysis of the Ishikawa diagram (Fig. 2), where the main
identified quality problem concerns fractures of the auger fingers, factors from the group
“man” and “nature” have the greatest impact on the quality problems identified for heeders
production. Therefore, the human labor should be taken into consideration as the quality
problems source in the production. The action, which significantly improve the fault
associated with the fingers of the screw is workers training within the problematic issue.
Wrong setting of the heeder for high speed during harvest belong to the mistakes group that
were committed, and much affecting the machine operation.

The Pareto — Lorenz analysis is used to determine the priority of corrective and
preventive measures. It is a technique that allows carrying out activities aimed at improving
the quality level. The primary source of information about the reasons for breaking up of the
heeder fingers come from the owners of the analyzed combine harvesters 9000 series 600R
with the heeder (Table 2).

Table 2. Basic data about the Combine harvesters 9000 series 600R
with the heeder

Model of the combine The production year The working hours number
9640 WTS 2002 2086
9580 WTS 2002 2133
9680 WTS 2003 1986
9640 WTS 2004 1960
9640 WTS 2002 1854
9680 WTS 2003 2033
9580 WTS 2004 1366
9560 WTS 2002 1798

Source: own study based on the data from the company X.

The study was conducted in 4 years of analysed machine operation. The data obtained
from the survey are shown in Table 3. The obtained data are the basis for the preparation of
Pareto — Lorenz diagram (Fig. 3), which identified frequently mentioned reasons for breaking
of the auger fingers during operation of studied 8 machines:

¢ W1 - enters the stones to the heeder auger,

¢ W, - driving too fast while mowing,

¢ \W3 - poor heeder setting,

¢ W, - too low mowing height,

¢ \Ws - too much grain mass,

¢ Ws - bad quality of the auger finger.
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Table 3. Numeric list of the events, which testified to the broken auger finger

in the study period.
No The defect The percentage of defects in | The cumulative percentage in
identification the analyzed period [%] the analyzed period [%]
1 Wi 50 50
2 W> 18,75 68,75
3 W4 12,5 81,25
4 W5 6,25 87,5
5 W3 6,25 63,75
6 Ws 6,25 100
The sum 100 -
Source: own study based on the data from the company X.
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Figure 3. The Pareto-Lorenz diagram for the identified quality production problem:

fracture of the auger fingers.

Source: own study based on the data from the company X.

Analysis of the data presented in Pareto — Lorenz diagram (Fig. 3) confirms that in the
research period about 90% (precisely 81.25%) of identified nonconformities identified in the
chosen harvester elements manufacturing process meet the following defects:

¢ W1 - enters the stones to the heeder auger,

e W5 - driving too fast while mowing,

¢ W, - too low mowing height,

Pozostate wady stanowig tacznie tylko 18,75%

In order to reduce the number of identified defects on the fingers auger production and
improve the manufacturing process there must be taken following corrective actions such as:

e focusing the attention to the stones lying in the field,

e reduction of the speed during threshing,

e appropriate setting the heeder height.
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CONCLUSION

According to the research results achieved by the analysis of data presented with
applying of Ishikawa diagram, we know the main causes of failure during the operation of the
combine harvester, namely: the man and the environment. These two groups of reasons are
responsible for most defects that cause the lower product quality and lower quality of the
agriculture equipment operation. As an example of natural factors that negatively affect the
combine work there can be given the occurrence of stones in the field. Heavy rains washed
out the earth and the rocks are on top of which leads to fractures finger auger blade or knife.
Factors causing the fault, and coming from the "man™ is primarily a very fast speed while the
combine and the wrong setting of the machine. High speed will provide more mass harvesting
in a short period of time, the machine can deal with this not help it, and therefore takes break
the fingers of the cochlea. In contrast, the low setting the heeder causes some moments of
contact with the ground equipment, which leads to fracture blade knife.

The structure of defects in operation of 9000 WTS combine determined on the basis of
Pareto — Lorenz diagram for research period (8 years) which identified six main quality
nonconformities. Analyzing the results of Pareto - Lorenzo diagram, it can be seen that the
greatest influence on the occurrence of auger fingers faults has defect W1 (stones penetrates
to the heeder auger) and W2 (too fast, running the combine while mowing).
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