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DURABILITY AS A CRITERION OF COMPLEX PRODUCT QUALIT Y ON THE EXAMPLE
OF A COMPONENT IN THE FORM OF THE MANURE SPREADER G EARBOX SHAFT

Summary

The basic aim of this paper is an attempt to exantite phenomenon of qualitative differentiatiorgluding the answer
whether the improvement of product quality throaghincrease in its durability, is an appropriatd, the present times,
way how to build a market advantage by the manufactof agricultural machinery, including manurerespders. As part
of the study, attempts to answer the question efttveln, and if so, the differentiation of a compperduct by increasing
durability (quality) of its components, is the rgétrategy, taking into account the higher costpafduction, have been
made. For this purpose, a comparison of the coshafiufacturing the product comprised of higher gyatomponents
with the cost of the effects caused by a defedttieg in a product of lower quality. Taking up thescussion on the spe-
cific issues, the conceptual model of the thesisesponding to the listed paper's objectives, esn adopted, namely: the
cost of the effects caused by a defect in a congptaduct is growing very rapidly with the distanoetween the moment of
occurrence of defect and the time it was discovendtdch confirms the expediency of manufacturirghér quality prod-

ucts, even at the expense of the originally assymafit.
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WYTRZYMALO SC JAKO KRYTERIUM JAKO SCI PRODUKTU ZtO ZONEGO
NA PRZYKLADZIE PODZESPOLU W POSTACI WALKA PRZEKLADN |
ROZRZUTNIKA OBORNIKA

Streszczenie

Podstawowym celem niniejszej pracy jest proba zhiadziawiska dyferencjacji jakoiowej, w tym odpowiédha pytanie

czy doskonalenie jako wyrobu, poprzez wzrost jego wytrzyniatpto wiafciwy w obecnych czasach, sposéb budowania

przewagi rynkowej przez producenta maszyn rolnfczyctym rozrzutnikéw obornika. W ramach bagedjto préke od-
powiedzi na pytanie czy izgli tak, to kiedy rénicowanie produktu zfmnego, poprzez podnoszenie wytrzyg@t@akasci)

jego podzespotdw, jest wkiwg strategi, biorgc pod uwag wyzsze koszty wytwarzania? W tym celu dokonano pordéwna
nia kosztéw wytwarzania wyrobu sktagleggo s¢ z podzespotéw vgzej jakdci z kosztami skutkbw wywotanych przez

wade powstak w produkcie niszej jakdci. Podejmugc dyskusj na temat poszczegoélnych zagadnj@zygto koncepcyjny
wzorzec tezy, odpowiadaly wymienionym celom opracowania, a mianowiciezke&utkow wywotanych przez wad

produkcie ztéonym ragnie bardzo szybko wraz z odlefgiz pomedzy momentem powstania wady a momentem jej wykry-

cia, co potwierdza celow6é wytwarzania produktow wgzej jakdci, nawet kosztem pierwotnie zaktadanego zysku.
Stowa kluczowejakasé produktu, wytrzymaka, rozrzutnik obornika, watek przektadni

1. Towards the perfect quality product — a few fact
from the market of agricultural mechanisation

"Either we find a way to our customers, or theyl go

tion, which are intensively and expansively entgriour

market, should consciously and flexibly shape th#itude

towards changing conditions and needs of the m§Bket
Therefore, according to the authors of this payier,

its own way" ad. Lee notes [5, p. 557]. There is no doubtshould be assumed that the quality will increasirginsti-

about it. Therefore, the development of conceptsraath-
ods of management follows the variability of theditions
in which companies operate [7, p. 5]. In the conte#xthe
above, the management science has been enrichedenit
elements taken from the technical science, in oroleffi-
ciently and effectively respond to changes in theiren-

tute a symbol of freedom of the customer choice pned-
sure, which an individual buyer can put on the nfacu
turer operating in the agricultural mechanisatieatsr. Ac-
cording to List [1, p. 1], this quality is the filthent of the
customers' requirements in relation to the charsties of
the quality of products, the access to them atitite time,

ment and business management system. The auttiers reand the associated costs. The quality is a caussafisfac-

to the knowledge oriented towards learning the nwse
technology of their production and processing, &l as
the relationship between building and propertiethef ma-
terials, which allows to use them better and topada the
needs of the developing technology.

Manufacturing plants of the agricultural machineeg-
tor operating in Poland, wishing to effectively quate with
the foreign companies with a strong and establigheesi-
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tion, and satisfaction is a good and reliable mesetiqual-
ity. The quality must be present in thinking, bebav and
actions of customers.

The discussion on the quality assurance, the qoiality
management (TQM) is mostly ended in the demandilifor
recting the company to manufacture the market-adhapt
products, i.e. reflecting the demands of potertisftomers
leading to increase their satisfaction.
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However, the authors are aware of the fact thatrder
to make working on the quality of the final produehich
reaches the customer, more effective, it cannadribe re-
stricted to work on the quality of this productnitist cover
everything that we do and how we do, and thusakema-
terials, semi-finished products, tools, processeganisa-
tion of work, working conditions as well as knowfgdre-
sources and skills that employees of the comparve.ha
This so-called quality chain should also extenduppliers
and cooperators.

According to the study conducted by the authorsragn
all the factors affecting the decision on the pasghof the
agricultural machinery, the quality of the prod(average
assessment 4.65; 70% of responses for the assdsshien
points) and the technological performance (avemspess-
ment 4.65; 72% of responses for the assessmenpaints)
have the greatest importance. The third place énirtipor-
tance hierarchy is the brand (average assessnt#)tGB%
of responses for the assessment of 5 points), ightl be-
hind it is the price (average assessment 4.56; 656%&-
sponses for the assessment of 5 points). Lookitigeagra-
dation of the core determinants made by the resgpasdit
can be concluded that the purchasing tendency tisr-de
mined by the factors of a multilateral charactene Btudy
conducted during the International Fair of Agricud#l
Mechanisation POLAGRA - PREMIERY, held in Pozna
on 16-19 February 2012. As part of the study, tspon-
dents assessed the influence of selected factorsaing
their decision on purchasing the agricultural maehy.

The studies quoted above confirm that the produat-
ity is of primary importance for the customer arfteets
the decision on purchasing in the agricultural na@i$ation
sector.

Therefore, the growing importance is assignedht® t
ability to see opportunities, which gives manufaets the
ability to implement a qualitative differentiaticstrategy,
especially that [3, p. 96] in order to examine pienome-
non of differentiation from a strategic point ofew, the
guestion about the way of building a competitiveadage
by the manufacturer of the product distinguishinbgelf
among others.

As part of the conducted studies, the attempmngwar
the question of whether the differentiation of anpdex
product by increasing its durability (quality) iket right
strategy, taking into account the higher cost afdpiction,

for these customers, b) the existence of a suffisidarge
number of customers, for whom distinct featuresthaf
product will be interesting due to the appropriate
relationship between the value of the product asgbrice,

is assumed, c) the uniqueness of the offer allmmMeave
the direct both price and cost competition becatise
product of a given company is difficult to compaméih
seemingly the same products from other manufacurer
they differ in the aspect of quality (read: durap)jl d) the
most important features that have to be fulfilleg the
products implemented for the first installation as a
replacement, they should focus on the design and
establishment of the manufacturing process enaltlirg
elimination of defects during their use. It is assd that
the customer will be able to see and appreciatspbeifics

of the offer.

2. Durability as a determinant of the component qubty
of the complex product

On the agricultural mechanisation market, the tifien
cation of the customers' needs, enriched with tlaeket
research, should be a starting point to begin tbhegss of
manufacturing parts and components of the agrialltu
machinery. On the basis of the knowledge aboubthers'
needs, a company develops the action plans. ThHass p
are used by the sphere of production, designingnaaualu-
facturing planned products, and by the sale asklsyethe
marketing, which owing to its actions, providestousers
of the implemented products. The need to purchase-a
lected part or component of the agricultural maeh#sults
from the desire to satisfy or use certain functiomkich
can be simply divided into three selection crit€Fay. 1).

The technical criteria (value in use) refer to thetors
related to the product use. In this study, it wesuaned that
in case of the gearbox shaft (Fig. 2), its durghilamong
others, constitutes a technical criterion.

In general terms, the durability deals with obsegthe
behaviour of the body subject to external forceemims of
the corresponding (caused by them) internal foecesvell
as the corresponding stresses and deformationgddys
them.

The basic assumption of the durability of materiil
that the material body is deformed due to load. fléid of
engineering knowledge (technical sciences), a phathe

has been made. According to the authors, the an®wver mechanical engineering dealing with a descriptiérthe

affirmative. However, the adoption of such a sggtand
manufacturing model requires a diagnosis and takitgy
account some assumptions by the manufacturer, yatjel
the product quality is appreciated only by a predsained
segment of the market, and the offer should be essded

phenomena occurring in the construction materiald a
structures subject to external loads. A conditibra strain
during the torsion does not consist in exceediegodrmis-
sible angle of relative rotation of cross sectipes unit of
length. More information: [4, p. 332 and other].

TECHNICAL >
CRITERIA DURABILITY
SELECTION
CRITERIA OF | ECONOMIC CRITERIA |
PARTS

TECHNICAL AND
ECONOMIC CRITERIA

Source: own work Zrodlo: opracowanie wiasne

Fig. 1. The selection criteria of parts on the nea agricultural engineering
Rys. 1. Kryteria wyboru ezci na rynku mechanizacji rolnictwa
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There are two types of deformation: the elastiodaétion,
which disappears after the removal of load, andprena-
nent deformation, the so-called plastic deformatjamhich
remain after the removal of their cause. It shdgdnoted
that the permanent deformations are accompaniethdy
process of loading from the beginning but theirueabe-
gins to have practical importance (in case of linglastic
materials) after exceeding the scale, known asethstic
limit. In addition, it is assumed that in most casany de-
formation in relation to the dimensions of the boahe
slightly small, which anyway corresponds to thecfical
conditions of exploitation of the structural elertgenin this
paper, it was assumed that the durability categallyin-
volve the resistance to torsion. In the view of #iwve, it

0200214480 and the gearbox shaft of the number
0200213100The mentioned components, in a form of the
shaft, constitute an element subject to a largd ighich is
largely exposed to torsion. In the context of thewe, the
classification of gearboxes, where the first grafear-
boxes included those, in which the drive shafts enafi
steel grade S235, was performed. According to tha-s
dard, this material is designed intended for thedpction

of parts subject to low load, it is not very resigtto tor-
sion. The factor grouping products according tartgeal-

ity was a number of complaints after the conversibap-
plications into 50 pieces of the sold product. Th@rough
diagnosis allowed to identify the causes of damadde
components in the form of the said shaft proveddo'a

was assumed that torsion occurs when a pair ofe$orc bottleneck". It is called a normal-durability orrgeal pur-

forming torque lies in a perpendicular plane to éxés of
the structural element, which in the analysed dasthe
shaft.

3. How much does "quality" cost? — a comparison othe
production costs in the context of the increased dabil-
ity of the gearbox shaft

The studies, referred to in this part of the papere
conducted in the manufacturing plant specialisingthie
production of agricultural trailers, and their camngnts
dedicated to the first assembly also to other faesoof ag-
ricultural machinery.

The agricultural machinery industry is a quiteesmsive
network of the suppliers providing components dlyefor
their own production, to other factories, servitations as
well as the secondary market of spare parts. Adeghd in
each of these cases, the individual requiremenrdserk to
the product quality occur. In the view of the aboere is
a need to comply with specific requirements oftihger.

In order to achieve the assumed objectives, prasentand
verification of the assumptions, the authors foitrabpro-

priate to conduct a two-option analysis of the piaibn

costs related to the gearbox shaft of the spreadimigof

the manure spreader (Fig. 2). The shafts are thie phde-

vices or machines supporting other elements rgtatinthe

axis. In contrast to the axis, the shafts trartbiedoads result-
ing in their torsing. Hence, their durability isisgportant.

In the further part of the paper, the studies eomag
the durability of two components of the bevel gearlof
the spreading unit of the manure spreader have peen

sented. The gearbox shaft of the catalogue numb

pose constant value. Re — the yield strength oftipe of
steel stands at 235 [MPa], while Rm — brake lirtriérsgth
is 410 [MPa].

As part of the gearboxes belonging to the secondm
(higher quality), the steel of the 50HS grade, vehossis-
tance to torsion, and at the same time, the "nawality is
much higher, was used. The spring steel — the sl for
the production of shock absorbers, springs andototsars.
The yield strength of this type of steel stands1a80
[MPa], while the brake limit strength is 1320 [MPa]

In the further part of the paper, the comparisbimm
options [Q] of a given shaft production, reflectiitg costs
of production in relation to the total costs of thearbox
production was made.

Detailed data are presented in tables 1 and 2.ifhe
formation necessary for the implementation of st of
the study was obtained by the authors on the lmdsike
analysis of the process sheet of the product akased re-
sult of the participant observation.

The total costs of manufacturing the gearbox shaft
0200214480 in the first option (a product of lovgerlity)
oscillate at PLN 18.38. Taking into consideratitie sec-
ond option, within the framework of which the protiwf
much higher durability parameters is obtained, amel
manufacturer shall pay the cost of the gearboxt ginatiuc-
tion at PLN 25.59 per piece. In the context oféheve, the
difference between the higher quality product dredgrod-
uct of reduced functional properties is PLN 7.2tcérd-
ingly, the authors of this paper assume that ire e#sthe
shaft 0200214480, for higher quality, the manufeatinas
{0 increase the additional cost of the mentioneduart

Source: own work Zrodio: opracowanie wiasne

Fig. 2. The gearbox shaft of the spreading unthefmanure spreader
Rys. 2. Watek przektadni aparatu rozrzucaigo rozrzutnika obornika
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Table 1. The analysis of the production costs efgbarbox shaft 0200214480 — the comparison obapti
Tab. 1. Analiza kosztow produkcji watka przekia@200214480 - poréwnanie wariantéw

Gearbox shaft 0200214480
Product name Catalogue number @
Raw material Dimension [mm] Weight [kg] Price ﬁ;}?g[ﬁ\ﬂv mate- [L?_tsl]
Rolled bar grade S235
W I Cross section: 52 mm L-280 4.68 2.56 11.98
Rolled bar grade 50HS ) .
ol Cross section: 52 mm L-280 4.68 4.10 19.19
Labour costs ** [PLN] 6.40
TPC (total production cost) Option | Option 11
[PLN] 18.38 25.59

* The price was determined on 13.10.2014 by netiotiavith the Multistal&Lohmann company
** As a part of the manufacturing operations, thkbdwing actions here distinguished: turning — P2MO, milling — PLN 2.00, cutting —

PLN 1.00, drilling — PLN 0.50, hardening — PLN 0.50

Source: own work work based on the studgotto: opracowanie wasne na podstawie bada

Table 2. The analysis of the production costs efgharbox shaft 0200213100 — the comparison obpti
Tab. 2. Analiza kosztow produkcji watka przekia@200213106- poréwnanie wariantow

0200213100
Catalogue number

Gearbox shaft
Product name

[ om—— ]

CKP [PLN]

Raw material Dimension [mm] Weight [kg] Price ﬁ;}?g[ﬁl\?’ mate- Total [PLN]
Rolled bar grade S23%
(e Cross section: 52 mm L-235 3.92 2.56 10.03
oy | Rolled bar grade 50H3 L-235 3.92 4.10 16.07
Cross section: 52 mm
Labour costs * [PLN] 6.60
Option | Option Il

16.63

22.67

* As a part of the manufacturing operations, theofeihg actions here distinguished: turning — PLNO2 @illing — PLN 2.00, cutting —

PLN 1.00, drilling — PLN 0.50, hardening — PLN 0.50

Source: own work work based on the studgotio: opracowanie wtasne na podstawie bada

The same situation occurs in case of the shaft Nel. How much the low quality costs — the comparisoof

0200213100. In the first option (a product of lowerlity),
the total costs of its production oscillate at PL&I63. Tak-
ing into consideration the second option, withia frame-
work of which the product of much higher durabilipa-
rameters is obtained, and the manufacturer shalltpa

the costs of "higher" quality and the warranty service

In the context of the analysed case, the authesame
that the increase of costs of PLN 13.25 causesithtte
production process, the manufacturer implementseater

cost of the gearbox shaft production at PLN 22.@&F p product, in terms of the criterion of its duralyilitGener-

piece.

In this case, the manufacturer has to bear additicost
of PLN 6.04 for higher quality.

According to the conducted analyses, it is cléat the
additional cost, incurred in connection with ragsithe
quality of the gearbox (measured by the durabiitythe
component in the form of the shaft), oscillatesPaiN
13.25.

In the context of the above, the total costs ef gear-
box production in the first option (a product ofver qual-
ity) oscillate at PLN.

At this point it is worth asking the question:itisvorth
economising on the quality of the component? Thavan
is clear. It is not worth it. The authors emphadisst the
costs, which at first glance seem to be unjustifiedthe
long term, their raising is the most rational, @wen advis-
able. In the following part of the paper, the caeom-
plaints, the service of which significantly exceédthe
costs of the so-called higher quality, was presknte
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ally, it can be said that "perfection” costs so it this

particular case. In terms of the conducted studtes,au-
thors analysed the costs of effects caused bydfectoc-
curred in the lower quality product, taking intacaant the
sale of 73 gearboxes. The obtained results condirthe

authors' presumption, which can be paraphrased théh
words "cheap does not mean good". In case of thebge

performed on the components under the first opttae,
mentioned manufacturer paid high costs associattutie

repair or replacement of a product free of faufisice it is
impossible to present all the incurred costs irhsaishort
paper, the authors limited it to one example, wherder
the removal of a defect, the costs, significanttgeding
the amount of the so-called "higher quality", wareurred.

It is worth mentioning that in case of option letmanufac-
turer noted even 39 complaints per 73 sold geasbolte
means that in 23%, the product did not meet thémuim

quality criteria. As part of the second option, muous de-
fects occurred only in case of 2 pieces, which psothat
71 per 73 sold gearboxes met the durability stadsdar
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Taking into account higher costs associated whth t 4. The more complex is the product (a number of the-co

higher quality standards of the shaft, in casehefdale of
73 gearboxes, the manufacturer pays the additioost,
which is PLN 967.25. Considering only the costpmfduc-
tion and exchange of shafts in case of 39 comathie

ponents used in the process of their productidw) greater
the number of the components sensitive to the tyualii.e.

these, the insufficient quality of which may cobtrie to a
defect of the entire finished product.

manufacturer suffers a loss of PLN 1882.14 and PLMN. As for the implemented complex product, there may o

1365.39 related to the production of the shaftacwiwvere
damaged due to the low durability parameters. Duthé
publishing requirements related to the volume efdilticle,
the authors abandoned the analysis of other costseen-
ing the warranty service, such as e.g. transportatpsts,
installation costs (additional work), or the costtated to

other shafts, and the gearbox components, damaged a

result of failure.

5. Conclusions

The studies conducted by the authors of this ppper
dispose them to present important conclusions, yame
1. Every organisation, regardless of the potential el
occupied market position, should behave in a flexand
creative way, in other words, it must have thelskiharac-
teristic of small, aggressive, and innovative coniga[2].
2. The quality, especially in case of the complex piaid
designed for the first assembly, is of the pararhaupor-
tance.

3. It has to be born in mind, especially in view ofth

global market, in which the costs of service of igeg
complaint will amplify with the increasing distanoé the
buyer of a given product, in other words, the adghe ef-
fects caused by a defect in the product increases nap-
idly with the distance between the moment of itsumence
and the moment of its detection, which confirms desir-
ability of manufacturing higher quality productsee at the
expense of the originally assumed profit.
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cur the components, "the low quality” of which ist eco-
nomically justified, i.e. the costs, which at firgtance,
seem to be unjustified, in the long term, theisirag is the
most rational, and even advisable. Otherwise, thaufac-
turer is exposed to incur significantly higher soassoci-
ated with the warranty service.
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