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Quality projection of manufacturing
processes relating to environmental
protection

E. Mitreva MSc,
Factory for Rail Vehicles, Veles

V. Cepujnoska PhD,

Professor, Faculty of Technology and Metallurgy, SS Cyril and Methodius
University, Skopje

Abstract

Within the implementation of the quality provision system according to 1SO
9001 from 2000, technological processes are being projected through
standard operating procedures in order to provide defined quality of
products. The conservation of the environment it is of great importance in
such a system, especially the disposal of sewage containing dangerous
reactants. Also, by proper exploitation of both the reactants and energy, the
required quality can be achieved having in mind also the economy of the
process. By the implementation of a TQM approach as well as co-relationa
analyss as a mathematicad method of quaity projection of the
manufacturing processes regarding the environment, the technological
process of steel hardening becomes optimised by the use of the MATLAB
programme, simultaneously having in mind the costs of working.

According to the technology, the steel hardening process is conducted within
a temperature interval of 820-860°C, with 1-10% solution of sodium
hydroxide (NaOH), and the normalisation of the sted is executed a a
temperature of 600-610°C. By the application of co-relational anaysis, the
optimal values of the parameters of the steel hardening process are
determined , i.e. atemperature of 820°C and NaOH concentration of 2.38%,
which aids the achievement of the defined quality of steel firmness of 195
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Brinel. Thus, both the loss of electricity and consumption of NaOH have
been calculated on a yearly level, according to the hardening conditions
which were implemented by now with the standard operating procedures in
the factory.

The sum of the total savings regarding the hardening of 100,000 pieces of
stedl per year amounts to €18033. By the implementation of this method, the
defined quality can be achieved with the lowest possible costs of work.

Apstrakt

Né praktikimin e sistemit pér sigurim té cilésisé sipas 1SO 9001 nga viti
2000, proceset teknologjike projektohen népérmjet procedurave operative
standarde me géllim gé té sigurohet cilésia e definuar e prodhimeve. Né
sistem té tillé, e patjetérsueshme éshté nevoja pér mbrojtien e ambientit
jetésor, posagérisht ménjanimi i ujrave té ndotur me reagensa té démshém.
Gjithashtu me pérdorim té& miréfillté té reagenséve dhe energjisé mund té
arrihet cilésia e kérkuar duke pasur parasysh kursimin gjaté procesit.

Me zbatimin e TQM-sé dhe analizés korelative st metodé matematikore pér
projektim té proceseve né funkcion té ambientit jetésor, avancohet procesi
teknologjik i kalitjes té c¢elikut, me pérdorim té¢ MATLAB programit,
gjithnjé duke pasur parasysh shpenzimet e punés.

Sipas teknologjisg, procesi i kalitjes realisht kryhet né interval temperature
prej

820-860°C me 1-10% tretésiré té hidroksidit té natriumit (NaOH), ndérsa
normalizimi i ¢elikut béhet né temperaturé prej 600-610°C. Me zbatimin e
anaizés korelative jané pércaktuar vlerat optimale té parametrave né
procesin e kalitjes té ¢elikut C1530, e kjo éshté né temperaturé prej 820 °C
dhe koncentrim té& NaOH prej 2.38 %, gjaté té cilés arrihet cilésia e definuar
e fortésisé e celikut prej 195 Brinel. Me kété, jané llogaritur edhe humbjet e
energjisé elektrike dhe shpenzimi i NaOH té béra gjaté vitit, sipas kushteve
té kalitjes té cilat jané praktikuar gjer mé tani, sipas procedurave operative
standarde té projektuara né fabriké.

Pér kalitjen e 100,000 copave ¢elik né vjet, kurssimi i pérgjithshém arrin
Sumén prej
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€18 033. Me zbatimin e késaj metode mund té arrihet cilésia e definuar me
shpenzime minimale gjaté punés.

AncTpakr

Bo npaktukyBameTo Ha cucteMoT 3a 00e30emyBame kBaiuteT o MCO 9001
on 2000 - Ta roaMHa, TEXHOJOIIKUTE MPOLECH CE NPOCKTUPaaT MPEKy
CTaHJap/AHU ONEPAaTHUBHU MPOLEIYPH CO 11T Aa ce 00e30ean nepruHupaHuoT
KBaJIMTET Ha Hpou3BoAMTe. BO TakoB cuCTEM, HEONMXOZHO € Aa CE BOAHM
CMETKa 3a 3alllTUTa Ha >KUBOTHATa CPElWHA, HAPOYHO OTCTPAHYBAHETO Ha
OTIAJHUTE BOIM CO INTETHH peareHcd. Mcro Taka, €O MPaBUIIHO
HCKOPHCTYBal€ Ha PEAarcHCUTE W CeHeprujara MOXe Ja Ce IOCTHTHE
0apaHUOT KBAJTUTET BOJCJKH CMETKA 32 CKOHOMHYHOCTA Ha MPOIIECOT.

Co nmpumena Ha TJbBM mnpuctamoT © KopelalMOHaTa aHalu3a Kako
MaTeMaTHYKHd METOJ 3a IPOCKTHPame Ha KBAINTETOT HA IPOLIECUTE BO
¢yHKLMja Ha )KHBOTHATa CpPellMHA, CE€ ONTUMH3HMpa TEXHOJIOIIKUOT MPOLEC
Ha KaJlelkhe Ha YellnK, Kopuctejku ja nporpamata MATJIAB, npuToa Boaejku
CMETKa 3a Tpoulonure Bo paboTemeTo. Criopen TeXHOJIOTrHjaTa, MPOLEecoT
KaJIekh¢ peallHo ce M3BeAyBa BO TemiepaTypeH untepsai ox 820-860°C, co
1-10 % pacrtBop Ha Hatpuymxuapokcua (HaOX), a Hopmanusupamero Ha
4yenukoT ce BpmH Ha Temneparypa 600-610 °C. Co mnpumena Ha
KOopenanoHaTta aHali3a Cce YTBPACHH ONTHMAJHHUTE BpPEAHOCTH Ha
napamMeTpuTe Ha MpolecoT Kajewme Ha yenuk Y1530 , a Toa e Temmeparypa
on 820°C u konuentpanuja Ha HaOX ox 2.38 %, npu kou ce mMOCTUTHYBa
JNeUHUPAHUOT KBAIUTET Ha TBpAOCTa Ha yenukoT ox 195 mo Bpunen. Co
TOa, ce MpecMeTaHH 3aryouTe BO €NEKTPUYHA €HEeprHja U MOTPOIIyBayka Ha
HaOX kowu ce mpaBat rofiiHo, Criopes ycJIOBUTE Ha KaJeme KOH JIocera ce
IIPAaKTUKYBaa CO IPOEKTHPAHUTE CTAHAAPIHHU OIEPAaTHUBHU INPOLEAYPH BO
¢dabpukara.

3a xanewme Ha 100,000 mapuuma 4eauK TOJUIITHO, BKYITHATA 3allITe/a Mo Taa
ocHoBa m3HecyBa €18 033. Co mpuMmeHara Ha OBaa METOJa MOXE Jla ce
OCTBapyBa JePUHUPAHUOT KBAJTUTET IPU HAjMAJIH TPOILIOLHU BO PaOOTECHETO.
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Introduction

Every company, regardless of its size and function, presents a part of the
environment — it both influences and changes the environment. The
environment can differ in various aspects: chemical-technological, technical,
economic, judicial, sociological-psychological, etc. Concern about the
environment is becoming more and more real owing to the apparent
endangerment of people, animals and plants. Therefore, companies must not
limit themselves only to the most critical aspects of environmental
degradation, but also they have to master completely environmental
management and practice eco-protection systems as well. Environmental
management should solve the contradictory gap which appears between the
economic and the ecological requirements of the organisation.

ISO 14 000 standards allow companies to manage their influences over the
environment, but how successful the implementation is depends on the
understanding and support of the management team, as well as al the
employees in the companies. 1SO 9000 standards, which refer to a system of
quality provision of companies, have been designed to protect customers
from a low-class product or service. I1SO 14 000 standards are
complementary to them; their common goal is creation of quality processes
and products for protection of the environment.

Basis of theory

Environmental management within companies

The basic thing that one company should do in regard to protection of the
water, air and soil from pollution is determining a system for eco-
management. Beside the measuring, registering and evaluation of pollution,
it is of essential importance to have integrated and planned activities for
protection and application of the environmental protection programme. The
activities should also be aimed at:

e setting a cataster of pollutants with a revision of all emissions into

air, water and soil by quantity and chemica compound, based on
project values, counted data and measured values;
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o identification and quantification of the eco-aspects and influences
connected to the working process;

e re-engineering of the processes and treatment of waste;

e eco-construction of the products;

e conservation of resources by monitoring energy and material
consumption;

e implementation of protection and improvement of the environment
inall programmes for devel opment;
formation of a unique informative system on the environment;

o reinforcing the eco-awareness of the employees.

To realize these activities, the company’s willingness to organize
working processes with decreased negative influence on the
surroundings by means of a consistent and documented system for eco-
management is of great importance for the conservation of resour ces, by
monitoring the energy and material consumption.

Quality projection of manufacturing processes regarding the
environment

Concern for the environment must be present from the very beginning of
quality projection of the manufacturing processes. At the same time, we
should bear in mind not only the danger of pollution, but also the
conservation of resources. All available resources should be taken into
account while making the projection: the employees, raw materias,
machines, energy, etc. This is important so that good quality at optimal
conditions can be provided. (Cepujnoska & Cepujnoski, 1993a, 1993b).
With this type of approach we can get good quality, more efficient work,
eco-protection, all at the lowest possible cost.

The provision of projected quality should go according to Deming’s circle of
quality: Plan — Do — Check — Act (Deming, 2000), which puts the act of
planning in first place, than provision of all conditions for realization of what
is planned, followed by control of whether it has been realized. If not,
corrective measures should be put in place in order to stop reoccurrence of
the same mistake. In other words, the provision of quality requires proper,
correct, expeditious realization of all activities of the projected quality of the
manufacturing processes, as well as provision of suitable eco-conditions.
Also, the tasks of all the employees should be clearly defined in aform of a
matrix of obligations and responsibilities.
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Quality control of the manufacturing process regarding the
environment

The control of quality is a very necessary activity within eco-management.
A quality control service is required to collaborate with the marketing and
development function due to its participation in forming definitions of the
standards for quality of products, fulfilling eco-requirements, defining the
methods of measurement and evaluation of quality according to the needs of
the customers and the conservation of resources.

This collaboration needs to be spread with the procurement function, for
control of the incoming eco-materials as the first ramp of quality.

For successful control, the data output based on environmental facts should
be rapid with pre-determined feedback mechanisms, so that corrective
measures can be applied according to Deming's circle of qudity
(Chepujnoska & Chepujnoski, 1995, 1996; Gyma, 1998; Deming, 2000).
Customers' claims for compensation should be analysed and systematised so
that corrective measures and cost analysis can be applied, in order to
conserve resources and to meet the requirements of ecology. To establish a
proper system of control regarding the environment, education as well as
training of employees for continuous care and concern about the
environment is of great importance, as is the mastering of new techniques.
This is a task of employees in the quality service which must introduce
education for the issue of safety and environment, lectures, various types of
training with instruments for testing of quality and eco-aspects. The control
should provide expeditious, proper and correct measurement of eco-
influences and draw objective evaluations about the condition. The collected
data should be provided in adequate form, at the right time and place. An
efficient control requires: selection of adequate people; selection of proper
control-points; application of adequate statistical methods; and working with
lowest possible costs.

The people should be selected according to their level of knowledge;
willingness to master the methods of measuring eco-influences, the amount,
intensity and durability of these influences, the causes of their appearance,
the cost of changing them, reflection over other activities, etc. They should
be responsible, able to co-operate, disciplined, able to work with facts and
arguments and point out expeditiously the possible problems.

98



SEEU Review Volume 4, No. 1, 2008

During the selection of the control places, it is important to note that only
eco-aspects that influence the environment are measured. These are emission
of air, water drainage, waste management, soil pollution, resources
management, and influence on the community. Finding the right places
where the eco-influences can be measured is very important.

By analysing the subordination of the control places and costs it becomes
noticeable that by increasing control, costs increase too. Thus, an optimal
control should be projected in order to meet the requirements of the
environmental control system. It is desirable that the control is connected to
the manufacturing processes as much as possible, due to the possibility of
faster examination, provision of data on the eco-aspects and conducting
corrective measures.

Application to practice

Quality projection of the technological process of steel hardening
S1530

While practising the system of quality provision according to SO 9001 from
year 2000, the need to project and apply the standard operating procedures
for all working processes became stressed in order to achieve the defined
quality and to protect customers from faulty products. The factory’s
management put in front of them another task — to improve the system of
managing the environment, which includes lowering the amount of waste,
lowering the pollution of the air, water and soil, conservation of resources by
following energy and materia consumption, as well as adapting to all
national and local regulations and norms which refer to the environment.

According to 1SO 9001 standards, the standard operating processes have
been projected by the QC-CE (Quality Circle-Cause and Effect) model,
[picture 1] and the standard operating procedure for steel hardening [picture
2].

99



E. Mitreva MSc and V. Cepujnoska PhD

100

Picture 1 — Application of QC-CE model at the projection of quality of

the steel hardening S1530 technological process

SOP of the steel hardening
technological process




SEEU Review

Volume 4, No. 1, 2008

Picture 2 - Standard operating procedur e of steel hardening
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In accordance with the process of steel hardening, we have set a task for us

to follow energy and material consumption in order to determine the optimal
parameters. With mathematical casting we can follow the changes in the
characteristic parameters in the process within a given space and time in
order to determine the optimal parameters, because the mathematical
description presents a sum of subordinates that link all parameters in a
system of equations.

The technological process of steel hardening takes place at the mint
department by which particular characteristics are achieved and are suitable
both to the standards and the railway regulations.

As a subject of examination we have shafts with f 35x180 made of steel
S1530, with chemical compound of:

chemical |C Si Mn P S
compound
% 0.42-0.50 | 0.15-0.35 | 0.50-0.80 | 0.045max | 0.045max

In the planning phase we project the technological process of steel hardening
considering the theoretical parameters of quality hardening, the parameters
of hardening in the real system and the results gained by mathematical cast
of the process with the MATLAB programme. According to theory, the
mechanical characteristics of the shafts after hardening, and in order to
achieve the steel hardening quality, should be:

Firmness Plastic deformation Extraction
(HB Brinel) (N/mm?) (N/mm?)
195-207 380-420 600-670
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Theoretical parameters of quality hardening develop in three stages:

820-860 (2-7) (550-660)

According to the measurements gained in the real process of steel hardening
at the factory, the mechanica characteristics of steel S1530 after hardening
are asfollows:

195-210 380-420 600-610

This quality of steel hardening S1530 in the real system can be achieved
with the following parameters:

860 (5-7) (600-610)
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With the use of the mathematical cast, we have determined the subordinance
of the steel firmness (HB), the concentration of NaOH at temperatures of T=
820°C and T = 860°C.

By entering experimental data for % of NaOH (co-ordinative variable) and
firmness HB (ordinative variable) in the MATLAB programme (Pratap,
2005) at temperatures of T = 820°C and T = 860°C, with determined
firmness of steel of 195 HB, we get the following results: At a furnace
temperature of T = 820 °C by determined steel firmness of 195 HB we have
determined the optimal concentration of NaOH as 2.38 %; at a furnace
temperature of T = 860 °C the defined steel firmness of 195 HB can be
achieved with a 3.06 % solution of NaOH. Considering the loss due to
warming temperature of furnace of T=860°C as well as the additional costs
for the NaOH solution, we have determined the optimal concentration of
NaOH by constant firmness. We can conclude that the optimal parameters
for achievement of stedl firmness of 195 HB are the following: NaOH
concentration of 2.38% and temperature of 820°C.

Results of the application of the projected quality of the
technological process of steel hardening S1530

To readlize the activity according to Deming’s circle, it is of great importance
for us to provide all the required conditions. This means that the model has
to be tested, because, by its nature it is a presentation of the natural process,
but it cannot enclose all of the variables from the surroundings. Thus, it is
necessary to compare the mode results with the real condition. However,
one established model which provides good solutions does not mean that it
will function well in the future due to the expected changes within the
surroundings or among some of the factors. Eventual changes could lead to
changesin the system’ s exit, so a controlling system for a proper functioning
of the model must be provided. In most cases, the contral is organised by
establishing feedback. Due to this, the standard operating procedure is
changed.
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Conclusion

The politics of maintaining a heathy environment of the factory for
reconstruction and maintenance of rail vehicles anticipates provision of
quality in all of its processes and objects at any time and any place. This can
be achieved if the factory submits to the laws and regulations, programmes
and procedures which refer to a safe environment, because this presents an
important component of training, construction of the activity, as well as the
stimulation of employees.

Upon the basis of these researches, we have concluded that by the
implementation of the MATLAB programme, i.e. by mathematical cast of
the steel hardening process S1530 we can determine the most adequate
parameters. temperature of 820 °C and concentration of NaOH of 2.38 %, in
order to provide the defined quality of the steel shafts by firmness of 195
HB and lowest possible costs of energy and resources, which provides
protection of the human environment. This research has proved the fact that
savings of electricity amount to €0.13 per piece, while the savings in NaOH
consumption amount to €0,05 per piece, which makes a total of €0,18 per
piece. In other words, the total sum of savings per year for hardening of 100
000 shafts would amount to €18033. The application of the system for eco-
management alows lowering of the dangerous influences over the
environment, but also lowering of the expenses required for maintenance of
the environment, which creates a good image of the company.
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Results of projects undertaken by
students on the MSc in Environmental
Management course

Collated and edited by the Research Office

Abstract

Students on the MSc in Environmental Management course were invited to
submit reports of their work to the SEEU Review, as it is editoria policy to
encourage young researchers. Lack of space prevents us from publishing the
full selected texts, which are available from the Institute for Environment
and Headth Sciences. Here we report a summary of the findings of six
projects in relation to environmental issues affecting R Macedonia and/or
Kosovo.

Abstrakt

Studentéve té studimeve pasuniversitare, né [éndén Menaxhimi i ambientit iu
kérkua té dorézojné raportin e punés sé tyre pé& SEEU Review dhe kjo éshté
né pérputhje me politikén redaktuese gé té inkurajojé hulumtuesit e rinj.
Mungesa e hapésirés na kushtézon neve té mosi publikojmé té gjitha tekstet
e zgjedhuraté cilat i kemi marré nga Instituti i Ambientit dhe shéndetit. Kétu
ua paragesim njé rezyme pér punén e pesé studentéve lidhur me ¢éshtjet e

AncTpakr

CTYJIGHTI/ITC Ha MaruCTepCKkd CTyauu I10 MeHaHMeHT Ha J>XHBOTHATa
cpeanuHa Oca IIOKAHECTU Ja TH J0CTaBaT HM3BCHITAUTC 3a HHBHaATa
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