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Abstract: Methods for analysis of the failures in
agricultural machinery. This paper presents exam-
ples of practical utilization of the tools and meth-
ods for quality management set of instruments
in analysis and evaluation of failures that occur
in agricultural machinery. There is presented the
processing procedure, starting from determination
of potential reason for the failure, through decom-
position of the technical system, the Event Tree
Analysis, the Failure Mode and Effect Analysis
and the cause-effect diagram. There are presented
possibility of utilization of particular tools for the
qualitative and quantitative evaluation of particu-
lar product failures and the process of undertaking
remedial and preventing actions.
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INTRODUCTION

Quiality of a product is one of basic el-
ements taken into consideration in
the product evaluation. According to
Jedlinski [2000], quality from the view-
point of an enterprise means the profit;
from the viewpoint of a customer it is
usually associated with high value of
the product that results from the prod-
uct properties: exploitation, technologi-
cal, safety, ease of service, beauty, price
or reliability. One of elements used in
quality improvement, required by 1SO
Standards, are tools and methods that are
applied to facilitate data collecting and
analysis in order to determine the source
and causes of qualitative problems.

There are known the works connected
with utilization of these instruments in
enterprise management [Kowalczyk and
Maleszka 2010, Bulinski et al. 2012,
2013]. In the case of problems connect-
ed with qualitative nature of the product
(failure, fault, unserviceability etc.), uti-
lization of these instruments facilitates
undertaking the rational decisions on re-
medial and preventing actions, especial-
ly since these instruments often use the
staff experience [Starzynska and Hamrol
2009]. In spite of very large set of avail-
able methods and techniques in quality
management, sometimes they are not
appreciated in respect of extra-essential
factors [Szkoda and Swiderski 2008].
It is evident from investigations of Kuc
and Zemigata [2009] that knowledge
of the methods and tools in the field of
quality management among managerial
staff is limited mainly to TQM principles
and ISO Standards of 9000 series. Fio-
dorow [2010] maintains that problems
of quality should be solved with the use
of simple tools that do not require large
financial and time inputs. According to
Swiderski [2010], the used tools and
methods should be adjusted to the po-
tential and scope of enterprise’s activity,
mentality of employees and their tech-
nical and qualitative culture [Swiderski
2010].

In subject references there is lack of
publications on the ways for utilization
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of tools and methods for quality set of
instruments in the agricultural machin-
ery branch. The failures in this group
of machines, that are characterized by
a high degree of technical sophistication
and work under very unstable and diffi-
cult conditions, are especially dangerous
[Rybacki and Durczak 2010]. Accord-
ing to these authors, 97.1% of failures in
agricultural tractors occurred within the
first 1000 engine working hours, while
81.4% of failures between the first and
second inspection after tractor breaking-
in period.

According to Josko and Kotodziejski
[2008], the failures in power transmis-
sion systems in agricultural vehicles and
machines, caused by improper utiliza-
tion and service carried out by the users,
constitute over 2% of all failures. The
remaining failures are caused by condi-
tions of exploitation and defective parts,
including poor quality of materials.

The failure frequency during exploi-
tation period is connected with repair
costs. According to Muzalewski [2000],
for particular machines and for the entire
exploitation period they vary from 40 to
150% of purchase price.

Evaluation of failures can be car-
ried out by various methods. Very often
the Failure Mode and Effect Analysis
(FMEA) is used. Krishnaraj et al. [2012]
regard this method as basic form for sup-
porting actions leading to improvement
of product quality. This method includes
a general rule: if the level of failure
criticality is considerably bigger than 1,
a command to proceed to the next stage
is issued, thus, to undertake the prevent-
ing actions, e.g. by modernization of de-
sign or by the changes in technological
process [Greber 2010, Wolniak 2011].

The basic premise towards utilization
of this method was often the increasing
number of claims and the connected in-
crease in guarantee repair costs of the
product. Application of FMEA method
allowed for a considerable decrease of
costs [Badura et al. 2001]. There are also
known the works [Skotnicka-Zasadzen
2013] that present the effects of combin-
ing particular tools and methods in pro-
quality activity. This approach facilitates
determination of the remedial actions.

This paper aims at presenting the
method for determination of the reason
for sub-assembly failure in technically
sophisticated agricultural machine, with
the use of several tools of quality set of
instruments.

ANALYSIS AND EVALUATION
OF DRIVE ENGAGEMENT
MECHANISM FAILURE IN
AGRICULTURAL MACHINE

The mechanism function is engaging drive
of agricultural machine working unit that
intakes plant material for further process-
ing. Fault of drive engaging mechanism
makes operation of the entire machine
impossible; it is regarded as a critical fail-
ure. One of the methods that facilitate the
failure locating is decomposition of the
system (Fig. 1); it enables to determine
the scope of carried out analysis. In the
considered case it was found that the fail-
ure is connected with the following faults:
run-out of the belt pulley, difficulties in
moving the drive engagement lever and
excessive slackness of driving belt.

Itis evident from the presented mech-
anism layout and functional relations,
that the problem can be connected with
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FIGURE 1. Structure of header engaging mechanism: 1 — engagement lever, 2 — connecting link,
3 —switch, 4 — hinge, 5 — bracket, 6 — indicator, 7 — spring, 8 — tightener lever shaft, 9 — tightener spring,
10 - tightener lever, 11 — belt pulley bearing, 12 — belt pulley, 13 — tightener bracket, 14, 15 — brackets

failure of the following elements: hinge
(4) of fastening engagement lever (1),
tightening spring (7), tightener ever (10),
belt pulley (12), tightener bracket (13).
Analysis of dependences between
mechanism elements carried out with the
use of relation diagram was taken as a
basis for determination of potential rea-
sons for failures (Fig. 2). On the diagram
there are marked the failure reasons (po-
tential); their occurrence could cause im-
proper operation of particular machine
elements and lead to the main failure.
The diagram illustrates also faults of the
system that enabled occurrence of fail-
ures. It is evident from carried out analy-
sis, that majority of inconsistences can be

connected with improper quality control
or lack of control, as well as inadequate
training of employees.

The reason-effect relations presented
on the diagram were taken as a basis for
execution of FMEA analysis. It allows
for evaluation of the risk of failures and
faults occurrence, estimation of their
importance (consequences), their early
detection and making proposals of ap-
propriate preventing and remedial steps,
with consideration to degree of critical-
ity of these failures. Taking into account
a set of dependences presented on the
diagram, the failures of level Il (Table 1)
were taken as starting point of the analy-
Sis.
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[ Unit drive inoperative ] level Il level 111 level IV

level | —>[ Slack transmission belt ]

—»[ Worn transmission belt ]

Guide damage ]

Improper assembling ]

Lack of assembl. instruction]

—>( Tightener oper. faulty |

Spring damage ]

Bracket damage ]

L oose adjustment screws ]

Lack od tightening instruction ]

_>[ Spanner damage ]

—>[ Run-out of belt pulley ]

Bearing play/damage ]

Lack of lubrication ]

I—b[ Lack of instruction ]

Screws not tight ]

Incorrect wheel assembling]

Wrong spanner setting ]

—( Lever jam ]

Hinge twist ]

Improper assembling ]

Lack of inspection ]

Twist of connecting link ]

Coupling seizure ]

I—b[ Contamination of elements]

FIGURE 2. Event tree with product failures, reasons and effects
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In evaluation of reasons for particular
failures there were assumed three coef-
ficients (R — risk of failure occurrence, Z
— failure importance, W — possibility of
failure detection) of values determined
according to rules presented in Table 2.
Basing on the set evaluation scale it was
assumed, that failures of Wy, index value
that does not exceed 60 points should be
observed. The remedial and preventing
actions should be quickly undertaken for
the failures of W, index value that var-
ies from 61 to 200 points. The failures
of W, index value above 200 points and

regarded as critical ones (they make ma-
chine utilization impossible or are dan-
gerous to the user) should be corrected
in the first place, as quickly as possible.
In determination of RZW coefficients
(Table 2) one should take advantage of
the knowledge and experience of quality
department staff, the employees dealing
directly with the production process or
further stages of “product life”, i.e. after-
sale maintenance, service etc.

TABLE 2. Values of RZW coefficients for evaluation of product failures

Coefficient of failure evaluation

R
— risk of failure occurrence or
failure reasons

Value

effects

— failure importance in
respect of failure occurrence

Z W
— possibility of failure
detection

1 |Improbable

Very low, failure does not
affect machine exploitation

Very high, control system

Almost precluded, very low
2 | probability in respect of high
process stability

Rare occurrence of failure,

3 | process of high ability to
quality (PPM < 63)

rably

Low, worsen machine explo-
itation properties inconside-

assures detection of failure or
process disturbances

High, used means give high
probability of detection of

failure or process

10

Very high, almost impossible
to avoid

Very high, product unrepaira-
ble, exploitation dangerous
for user

4 . . Average, causes user’s ClISHIrDANCES
Average risk, failure occur- dissatisfaction and makes
5 |rence probable, process of exploitation difficult, consi-
good ability to quality, but | L\ oeriorates product | Average, no full control of
unstable (63 < PPM < 2700) ?éaer¥ie: eriorates produc process
6 prop
7 | Failures occur often, process ngh,_makes m_1p055|_b_le ap- Low, used means probably
- propriate machine utilization, | . .
unstable and of low ability to failure correction involves will not detect failure or
g |quality high costs process disturbances
9

No possibility or means for
detection of failure or resul-
ted disturbances
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The assumed values of RZW coef-
ficients for particular failures and the
calculated priority indices (W) give the
ground for determination of further ac-
tions. In the analyzed case the values of
W, indices varied from 40 to 168. This

Within the problem analysis in de-
termination of mutual relations between
particular factors, the reason-effect dia-
gram (Ishikawa diagram) can be of great
help; it is a graphical analysis of the ef-
fect of various factors on the problem,

‘ material ‘ ‘

man ‘

lack of periodical

incorrect

cast failure lubrication — roller

discrepancy

of dimensions, execution overheating
of casting
lack of symmetry ould
belt
pulley
improper / lack damage
execution of balancing
method operation dust, dirt,
(cast) incorrect cast Z— moisture
setting for
mechanical
working

‘ method ‘

‘ environment

FIGURE 3. Reason-effect diagram (Ishikawa diagram) for belt pulley failure

range corresponds to the states — from the
level of increased supervision and obser-
vations on correctness of system mecha-
nisms’ operation (particular components
occur on the level that is not dangerous
for the user and does not limit seriously
the product utilization) to the level that
results in machine immobilization, loss-
es for the user and threat to exploitation
safety. Particularly high index values re-
sulted from evaluation connected with
correctness or accuracy of assembling
operations. The undertaken actions that
concern the system (trainings, instruc-
tions, inspections) should improve con-
siderably product quality and result in
achievement of priority indices of the
level (W, < 40).

together with their mutual connections
(Fig. 3).

Proper making out of the diagram
(Fig. 3) calls for the efforts of employ-
ees team, often including person from
outside the enterprise. In solving the
complex problems, e.g. in the case of
transmission system failure, usually the
failure reason can be situated on vari-
ous stages of production process or can
result from deficiency of organizational
actions in the enterprise. Correction of
failures of that type calls for engage-
ment of learned experts in a given field,
focused on detection of the real failure
reasons, especially, since they can result
from own shortcomings or errors.
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SUMMARY

One of the main aims of quality system
implementation in the enterprise is mak-
ing provision for good planning of ac-
tions directed to quality stabilization on
good level, with effective mechanism for
monitoring, evaluation and inspection of
products.

The presented way of detection,
analysis and evaluation of failures does
not exhaust the entire quality set of in-
struments; however, it is an example of
possible combining a series of tools and
methods that enable to collect and ana-
lyze the information, and also to deter-
mine priority of remedial and preventing
actions. The presented discrepancy prob-
lem approach was worked out on the ba-
sis of failure that occurred in agricultural
machine. In consideration to utilization
of design elements described in the
analysis in a wide range of agricultural
implements and machines, the presented
solution of the problem can be taken into
consideration in solving other practical
problems, by similar situation and ver-
satility of the used tools and methods.
The assumed component values of pri-
ority index enable to consider the most
important elements from the viewpoint
of enterprise activity and possibility of
undertaking further actions. This method
for evaluation of failure importance fa-
cilitates undertaking decisions and mon-
itoring of failure problem.

REFERENCES

BADURA L., GIEMZA M. PREDON B.
2001: Zastosowanie wybranych narzg-
dzi jakosci do monitorowania poziomu
jakosci ptytek ceramicznych. Problemy
Jakosci 5: 45-49.

BULINSKI J., WASZKIEWICZ C., BURA-
CZEWSKI A. 2012: Stock management
as an element of enterprise strategy An-
nals of Warsaw University of Life Scien-
ces — SGGW, Agriculture (Agricultural
and Forest Engineering) 60: 137-148.

BULINSKI J., WASZKIEWICZ C., BURA-
CZEWSKI A. 2013: Utilization of ABC/
/XYZ analysis in stock planning in the
enterprise. Annals of Warsaw University
of Life Sciences — SGGW, Agriculture
(Agricultural and Forest Engineering)
61: 89-96.

FIODOROW A. 2010: Efektywna organizacja
projektow w ramach metodyki Six Sigma.
Zarzadzanie Jakoscia 3—4: 121-131.

GREBER T. 2010: Analiza skutkéw nie-
zgodnosci dla klienta analiza FMEA. Za-
rzadzanie Jakoscia 2: 118-122.

JEDLINSKI M. 2000: Jakos¢ w nowoczesnym
zarzadzaniu. Wydawnictwo Zachodniopo-
morskiej Szkoty Biznesu, Szczecin.

JOSKO M., KOLODZIEJSKI D. 2008: Wy-
brane problemy eksploatacyjne pojaz-
déw i maszyn rolniczych w zakresie ich
serwisowania. Journal of Research and
Applications in Agricultural Engineering
53(2): 5-7.

KOWALCZYK A., MALESZKA A. 2010:
Metody i techniki zarzadzania jakoscia w
branzy motoryzacyjnej. [In:] Zarzadzanie
jakoscia — doskonalenie organizacji. Red.
T. Sikory. Vol. 1. Wydawnictwo Naukowe
PTTZ, Krakow: 524-535.

KRISHNARAJ C., MOHANASUNDRAM
K., DEVADASAN S., SIVARAN N. 2012:
Total failure mode and effect analysis
a powerful technique for overcoming fail-
ures. International Journal of Productivity
and Quality Management 10, 2: 131-147.

KUC B.R., ZEMIGALA M. 2009: Wykorzy-
stanie wybranych narzedzi zarzadzania.
Problemy Jakosci 6: 23-26.

MUZALEWSKI A. 2000: Koszty eksplo-
atacji maszyn. Wydawnictwo IBMER,
Warszawa.

RYBACKI P., DURCZAK K. 2010: Wyniki
badan uszkodzen awaryjnych wybranej
grupy ciagnikéw rolniczych. Inzynieria
Rolnicza 5(123): 247-252.



Methods for analysis of the failures in agricultural machinery 67

STARZYNSKA B., HAMROL A. NAJ-
LEPSZY Z. 2009: Nowa metoda doboru
narzedzi jakosci na potrzeby doskonale-
nia proceséw wytwarzania. Zarzadzanie
Przedsiebiorstwem 2: 65-74.

SZKODA J., SWIDERSKI A. 2008: Ocena
skutecznosci systeméw zarzadzania ja-
koscia. Problemy Jakosci 5: 37-40.

SKOTNICKA-ZASADZEN B. 2013: Dosko-
nalenie procesu produkcyjnego w przed-
sighiorstwie przemystowym z zastoso-
waniem metod projektowania jakosci. In:
Innowacje w zarzadzaniu i inzynierii pro-
dukcji. Ed. R. Knosali. Oficyna Wydawni-
cza Polskiego Towarzystwa Zarzadzania
Produkcja, Opole: 1003-1012.

SWIDERSKI A. 2010: Wybrane aspekty do-
skonalenia jakosci ustug transportowych.
Zarzadzanie Jakoscia 3—4: 43-50.

WOLNIAK R. 2011: Wspomaganie metody
FMEA w przedsiebiorstwie produkcyj-
nym. Problemy Jakosci 1: 15-21.

Streszczenie: Metody analizy wad w maszynach
rolniczych. W artykule przedstawiono wielo-
elementowa metode analizy wady mechanizmu
w maszynie rolniczej. Metoda oparta jest na
dekompozycji systemu, analizie relacji funk-

cjonalnych zachodzacych miedzy elementami
mechanizmu. Metoda umozliwia zlokalizowanie
wady, okreslenie potencjalnych przyczyn jej wy-
stepowania i okreslenia elementow krytycznych.
W analizie wykorzystano narzedzia i metody in-
strumentarium Systemu jakosci, takie jak Analiza
przyczyni skutkéw wad (FMEA), diagram drzewa
zdarzen, diagram przyczynowo-skutkowy. Przy-
jete w analizie FMEA wartosci wspoiczynnikow
i obliczony na tej podstawie wskaznik priorytetu
umozliwiaja okreslenie granicy miedzy wadami
krytycznymi a pozostatymi, wyselekcjonowanie
wad krytycznych i podjecie stosownych dziatan
korygujacych i zapobiegawczych. Prezentowane
podejscie umozliwia rozwiazywanie trudnych
probleméw jakosciowych, wystepujacych w ma-
szynach rolniczych o znacznym stopniu technicz-
nej ztozonosci.
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