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THE HEAVY METALS MONITORING IN CANNED VEGETABLES MIX

B Abstract:

The paper proposes some possibilities for heavy metals detection in canned vegetables
mix: Cr, Fe, Pb, Cd, Sn, Al Zn, As . The heavy metals concentrations have been
determinate by AA spectrometry and electrochemical methods: cyclic voltammetry. The
monitoring of heavy metals in canned vegetables mix can help evaluate and improve
the insufficiently developed technology.

. CLAuDIU URSACHI, RODICA SEGAL , CLAUDIA MURESAN .

VACUUM IMPREGNATION PRETREATMENT OF FRESH CUT VEGETABLE
B Abstract:
Vegetal products are generally characterized through a high level of sensitivity due to
environmental factors and to the operations they are submitted to during their
preparation. This leads to meaningful changes regarding vegetal products nutritional
and sensorial characteristics. The prevention of such drawbacks can be made by
introducing active compounds in their structure in order to protect them from
unwanted alterations. The introduction of compounds can be achieved through classical
infusion, through the immersion of the products in hypertonic solutions of the
respective compound, or through a new technology, vacuum impregnation. In this
paper, we present the data obtained during the experiments regarding impregnation
whit some nutraceutical under a 500 mbarr vacuum of some vegetables, evaluated
through physical and chemical proprieties.

VASILE BACRIA, NICOLAE HERISANU
ACOUSTICAL ARRANGEMENT OF THE URBAN ROADS

B Abstract:

The phonic pollution on the urban roads is mainly generated by the transportation
means. This affects the human being’s live and activity. In this paper we presented the
results obtained in the investigation and mitigation of the phonic pollution generated by
the transportation means in the urban area through acoustical arrangement of the
roads. Specific noise sources, characteristic levels, noxious effects, admissible limits and
propagation way are identified. Description of measurements and analysis of the results
are presented along with some methods concerning the decrease of the phonic
pollution. The efficiency of the implementation of these methods is also discussed.
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B Abstract:
Maintenance involves preventive (planned) and unplanned actions carried out to retain
a system at or restore it to an acceptable operating condition. Optimal maintenance
policies aim to provide optimum system reliability and safety performance at the lowest
possible maintenance costs. Proper maintenance techniques have been emphasized in
recent years due to the fact that the safety and reliability requirements of system,
increased complexity and costs of material and labor are increasing.

5 TIBERIU STEFAN MANESCU, ION SIMION, NIcusoRr LAURENTIU ZAHARIA
WITH SPIDERS ON RAILS 31
B Abstract:
The carrying of heavy trains on large inclines can produce the breaking of the
draw hook. The railway freight operator, want to carry long trains because of
the economic reasons. This paper will present the steps of tests performing in
purpose to measure the tensile forces from the locomotive draw hook equipped
with strain gages. The purpose of the tests was increasing the tonnage of the
trains on the inclines (the tonnage of the trains on the inclines is restricted by
railway regulations).

6. MARIUS CALIN BENEA
NEW DEVELOPMENTS IN THE RELATIONSHIP SELLING APPROACH 35
B Abstract:
The traditional selling approach has suffered tremendous changes lately related to a
major shift in the way the sales force is approaching the existent and potential
customers. The new developments can be classified into many categories, but we would
like it concentrate on few major developments that would dramatically impact the way
sales force is evaluating the sales approach. We can classify these developments into 2
major categories: technology and conceptual. In the current context, we would like to
analyze the specific changes in each category and a better understanding of the specific
characteristics related to each category.

7. IMRE KISS, STEFAN MAKSAY, VASILE ALEXA
THE CAST IRON ROLLING ROLLS MANUFACTURING - BETWEEN THE
MATHEMATICAL APPROACHES AND THE OPTIMISATION OF PROCESSES 39
B Abstract:
The irons destined to these cast rolls belong to the class of low-alloyed irons, with
reduced content of chrome, nickel and molybdenum. The technological instructions
firmly state the elements required raising the quality of rolls, but the limits can be
extensive or limited. Depending on the number of the technological parameters, it was
chosen the analysis of multiple regressions studying the influence of the chemical
composition upon the hardness, through the mathematical modeling.
The technical conditions, which are imposed to the cast iron rolls in the exploitation
period, are very different and often contradictory. The obtaining of various physical and
mechanical properties in the different points of the rolls meets difficult technological
problems in the industrial condition. This supposes us to know many technological
factors, which lead to the exploitation of this deformation equipment.
The experimented researches, as well as the optimization of the manufacturing
technology, allow the conclusion of direct results for the rolls. The beneficiaries of these
results are the unit in which the rolls are manufactured, as well as the unit that exploits
them.
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ASPECTS REGARDING THE LIFE-TIME OF WIRES BELONGING TO A STEEL WIRE
ROPE

B Abstract:

The paper presents an analysis regarding the influence of working typical factors about
the shallow destruction phenomena between wires in contact. It was studied the
influence of contact pressure and the relative displacement between wires concerning the
life-time of wire ropes.

There is presented as a conclusion that the life-time of wires is decreasing at the
increasing of the average pressure between the wire rope and the wrapping up roll. The
destruction phenomenon of wires is increasing when increasing the frequency of the
alternant bending process of wire rope around the roll.

CRISTIAN P. CHIONCEL, LADISLAU AUGUSTINOV, PETRU CHIONCEL,

NICOLETA GILLICH, GELu Ovipiu TIRIAN

PERFORMANCE RATIO OF A PHOTOVOLTAIC PLANT

B Abstract:

To be able to choose the right photovoltaic equipment, starting from modules through
inverters, for grid connected plants, at least one year of consistent evaluations of system
performance are needed. One of those performance parameters that allow the detection
of operational problems and facilitate the comparison of systems is given by the final
yield factor and the performance ratio.

Based on the grid connected photovoltaic plant at the University Eftimie Murgu’ in
Resita, injecting energy in the public grid since spring 2008, we define and analyze the
performance ratio and the final yield factor. With these two factors given, we are able to
assure a critic overview of the plant performance.

. CORINA MARIA DINIS, CORINA DANIELA CUNTAN, GABRIEL NICOLAE POPA, ANGELA IAGAR .
STUDY OF LOW-SIGNAL AMPLIFIERS WITH FIELD-EFFECT TRANSISTORS
B Abstract:
In this work are presented the types of amplifier stages with field-effect transistors, as
well as the diagrams of the low-signal amplifiers achieved with TEC-J for the three
connection types: common-source, common-grid and common-drain. Also, using the
EWB-Multisim 8 program, it was simulated the operation of the amplifier with TEC-J in
common-source connection, the amplifier with TEC-MOS in common-drain connection
and the cascode amplifier with two TEC-J transistors.
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THE HEAVY METALS MONITORING
IN CANNED VEGETABLES MIX
B Abstract:

The paper proposes some possibilities for heavy metals detection in canned vegetables mix: Cr, Fe,
Db, Cd Sn, Al Zn, As . The heavy metals concentrations have been determinate by AA spectrometry
and electrochemical methods: cyclic voltammetry. The monitoring of heavy metals in canned
vegetables mix can help evaluate and improve the insufficiently developed technology.

B  Keywords:

vegetables mix, heavy metals, AA spectroscopy, cyclic voltammetry

B /NTRODUCTION

Vegetables mix and similar products are widely
used for taste enhancement of various food
products. Apart from their taste properties they
also have a high nutritive value due to the
content of easily retainable sugars, vitamin C,
carotenoids and mineral salts.

Vegetables mix is a produce conserved through
decrease in humidity, thus preventing the
evolution of microorganisms. Microorganisms
require a certain minimum amount of water to
develop; bacteria require 35%, yeasts 25% and
molds only need 10%.

B EXPERIMENTAL
B Samples preparation

Vegetables mix products have been weighed and
treated by concentrated nitric acid (67%, MercR,
heavy metals free). Samples digestion has been
achieved in a 1000W MWS-2 — Berghof type
microwave oven using a three-step program:
7,=160°C, t,=15 min., P,=40-60% from total
power, 1,=210°C, t,=15 min., P,=60-80%,
T5=210°C —100°C, t;=15 min., P;=0%. Thus

© copyright FACULTY of ENGINEERING — HUNEDOARA, ROMANIA

resulted solutions have been completed with
ultrapure  water (RO System  Operating
Barnstead apparatus) to equal volumes in 25 ml
calibrated flasks.

B Methods of analysis. AA Spectrometry

The heavy metals content has been
determinated by AA spectrometry (International
Standard ISO 15586:2005) and cyclic voltametry
(Koryta , 1993), i=HE). AA spectrometry has been
achieved with novAA 400 G type spectrometer -
Analytik Jena - Germany, equipped with graphite
furnace, WinAAS 3.17.0 software for evaluation,
control and result presentation, a so-called
cookbook, for every element, and a HS 55-1
hydride generator. Calibration curves have been
plotted using standard solutions of metals in
search.

B Electrochemical Methods

Heavy metals such as Sn, Fe, Zn at the electrode
surface are affcted by characteristic redox
phenomena with can be used to determine their
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concentration. The voltammograms i=KE) are
obtained using PGZ 402 Voltalab, with
VoltaMaster 4, version 7 software (Users
manual, Voltalab®,2008). A 50 cnr’ BEC/EDI X51
V001 electrochemical cell, from Radiometer
Copenhagen is part of the Voltalab system.
Platinum electrodes (S,,,=7.85 mnt, S,,=50
mn7r’) and standard calomel electrode (SCE) with
0.1M HNO; support electrolyte have been used
in experiments. Recording speed was 50
mV/min. at an apparatus sensitivity of 10 mA.
Calibration curves for Fe and Sn have been
plotted using metals standard solutions  as

Lear=Hconc.).

B RESULTS AND DISSCUTIONS

Vegetables mix products are obtained through
processing of fully mature tomatoes, beans,
onions, papricas. Vegetables concentrates are
used in the food industry to enhance the taste
and nutritive value of various products. There
are three phases in the vegetables mixt
production technology: obtaining the brute
vegetables mixt, conditioning and packaging the
product (HOTARARE nr. 1197, 2002;: ORDIN 1050,
2006). When packaging into metallic cans the
heavy metals content may exceed the safety
limits, and in turn may be detrimental to public
health. The two proposed analysis methods have
the advantage of being fast and reliable (result
accuracy). Five types of these products have
been studied, both local and imported: four of
them packaged in metallic cans and one in gilass
bottle, for reference.

It has been remarqued the high Cd
concentration in Maxim's vegetables mix (Italian
product).

For the determination of heavy metals by
electrochemical methods, the first step was
plotting the calibration curves. The methods
used for Fe and Sn by means of cyclic
voltametry i=f(E) are presented in Fig.1., Fig. 2,
Fig 5. and Fig 4.

The electrochemical method has only been
applied for the higher concentration of metals
Fe and Sn. Extracting Fe from the vegetables
mixt products using this method has had no
results. (Fig. 5.). Note that the Fe voltamogram is
lower than the base line of the support
electrolyte.

Sn, on the other hand, is present in the Italian
vegetables mixt canned in high concentrations

Fig.6 and Fig.7. (samples were taken from right
next to where the can is welded for all
samples).The heavy metal concentrations in
vegetables mixt determined by AA spectroscopy
are presented in Table 1. High values are noted
in the case of Fe (which although beneficial to
the human body may become an energetic
catalyst for some chemicalor biochemical
processes), of Sn and of Al especially in the
ltalian products.

Table 1. The heavy metal concentrations

Concentration, ppm
S S
ample S N
= SIR|B[S|&|=[§|<
Vegetables mix Sultan
, | (Romanian product, SRR § 2 E NE
’ Turkish licence, SIS || Y w
metalic can)
Vegetables mix
C i o Slo| X ~|n
9 onserv frig N%mgdﬁgz
’ (Romanian product, |®|F| | S|K|[D| Y™
metallic can)*
Vegetable mix Mib ol 9l (8w~ wl«
3. (Romanian product, | S| < |* 8 Olg|*
metallic can) -
Vegetable mix
Maxim'’s, (Italian RN
# c |S|3| =S| 28] S|*
product, metallic ~+ S
can)*
Vegetables mix Buftea | (| ~| o |N| w| S| o
; SINIEIRNI R IR B
5. (Romanian product, SIS g S| % %
glass bottle)

* before the samples were taken the vegetables mix
was homogenized at 1500 rpm with an [KA-
LABORTECHNIK stirrer, with adjustable rotations
and display unit observation

** under limit detection

Exprriment

Cuarrernt density [pasemz]
ch
[}

140
200 400 (a0 200

Potertial [mil]

Fig 1. Cyclic voltammogrames for equilibrium
Fe’* + e— Fe’*. 1 — support electrolyte HNO3 0.1 M:
2-c=2564mg/L; 5-c=50.00mg/L:4-c=95924 mg/L;

5-c=156.56 mg/L: 6 - c=175.91 mg/L
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m  Calibration curve Fe, Ipeak=f(c0nc.)
y = -1.85348 + 0.57333x

100 4 R = 0.99699

20 40 60 BIO 1(‘)0 12‘0 lzlw 1(‘50 l;}O
Concentration, mg/L

Fig.2. Calibration curve for iron concentration
determination in canned vegetables mix,
Leap=Hconc.), Egse = 608 mV
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Fig.5. Cyclic voltammogrames for equilibrium
Sn*t + 2e— Sn”. 1 —support electrolyte HNO3 0. 1
M; 2-c=6.85535mg/L: 3-c=15.5257 mg/L;
4-c=20.0816 mg/L; 5 - c=26.5050 mg/L;

6 — c=32.8000 mg/L

m  Calibration curve Sn, Ipeak:f(conc.)
y =-0.36715 + 0.14659x

3.0 4

R =0.9983

254

2.04

§
E' 1.5
él.o-

0.5 4

0.0 4

T T T 1
(9] 5 10 15 20 25

Concentration, mg/L

Fig. 4. Calibration curve for tin concentration
determination in canned vegetables mix,
Leawp=fconc.), , Egse = 1.575V
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Fig.5. Fe determination in Conserv frig
(vegetables mix)
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Fig. 6. Sn determination in Conserv frig (vegetables
m]X), EESC = 1.375 V
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Fig. 7. Sn determination in Maxim's (vegetables mix),
Erge = 1.3575V

The values obtained using the electrochemical
method are ¢ = 3.60 ppm Sn for Conserv frig
(Lyear = 0.1589 mA/cm’) and ¢ = 5.40 ppm Sn for
Maxim's (L,ep 0.1567 mA/cnr’). There are
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obvious errors in using this method due to all
the metal ions which can influence the
electrochemical behavior.

B CONCLUSIONS

The environment pollution with heavy metals
(Cr, Ni, Pb, Zn, Al As, Cd, etc.) is due mainly to
the activity of humans. Two heavy metals (Sn
and Al) showed higher concentrations then
legally admitted in canned vegetables mix.
Concentration of heavy metals from the
polluted  environment in vegetables is
influenced by different factors and stopped
through several mechanisms. The monitoring of
heavy metals in canned vegetables mix can help
to evaluate and Iimprove the insufficiently
developed technology.
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VACUUM IMPREGNATION PRETREATMENT
OF FRESH CUT VEGETABLE

B Abstract:

Vegetal products are generally characterized through a high level of sensitivity due to environmental
factors and to the operations they are submitted to during their preparation. This leads to meaningful
changes regarding vegetal products nutritional and sensorial characteristics. The prevention of such
drawbacks can be made by introducing active compounds in their structure in order to protect them
from unwanted alterations. The introduction of compounds can be achieved through classical
infusion, through the immersion of the products in hypertonic solutions of the respective compound,
or through a new technology, vacuum impregnation. In this paper, we present the data obtained
during the experiments regarding impregnation whit some nutraceutical under a 500 mbarr vacuum

of some vegetables, evaluated through physical and chemical proprieties.

B  Keywords:

vegetal products, environmental factors, pretreatment, fresh cut vegetable

B /NTRODUCTION

The increasing interest of people for the
consumption of foods that have a beneficial
effect on health has oriented both the research
and the production in food industry towards the
goal of obtaining such products’. Due to this
fact one of the main directions in the
alimentary industry is focused upon the
preservation of the existing natural compounds
either through the minimum processing of the
raw materials or through the strengthening of
the foods with multiple physiologic active
compounds such as prebiotics, probiotics,
vitamins, fiber, mineral salts etc’.

Another possibility to introduce the compounds
in the structure of vegetable products, especially
in the internal structure of fruit and vegetables,
consists in the usage of a new technology,
vacuum impregnation.

© copyright FACULTY of ENGINEERING — HUNEDOARA, ROMANIA

Vacuum impregnation consists in the immersion
of vegetable products, characterized through
high porosity (apple, quince, strawberries,
apricots, peaches, peppers, mushrooms, etc), in
solutions which contain dissolved substances
meant to impregnate the product, followed by
their storage in a place under a certain void
pressure’. This technology can be applied in
order to better the texture of the product to
reduce its level of oxidation and its exudates at
defrosting, to maintain its color, and to
strengthen the different vegetable products with
all kinds of nutrients: vitamin E, minerals salts
like Ca and Zr?’, probiotics’.

The aim of this paper is to use vacuum
impregnation in order to introduce ascorbic acid
into the structure of apples, so that the products
become strengthened with vitamins and follow
the vitamin's stability during the storage of
apples in terms of refrigeration and defrosting’.
We also took into account the need to prevent
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the sliced apples to turn brown during this
process, Rnowing their sensitivity towards
oxidative factors on the one hand and the
antioxidant properties of ascorbic acid® on the
other hand.

B 7HE STUDY
B  Materials and methods

Golden Delicious apple were purchased from a
local store.

The following instrumentation has been used:
installation for impregnation under void which
consists in a RL-2 void pump and a vacuum-
meter - manufactured by REFCO Manufacturing
Lid. from Switzerland- linked to a void exicaror.
For impregnation we used a 0.5 per cent
ascorbic acid (Fluka CH 9470 Buchs) solution.

The dosage of vitamin C was realized by
iodomethric ~method’, using solutions of
potassium iodide 1 per cent and potassium
iodate n/1000.

B  Experimental

The healthiest products have been chosen for
the experiments, they were washed, their seeds
and the seed home were removed with an
stainless tubuiar knife and afterwards they were
pealed off and cut in round shapes with the help
of an stainless knife. The round circles had
between 7 and 10 mm and a mass between 11
and 15.5 g. The samples were immersed in a
solution in order to avoid their contact with the
the air, apples sensitivity towards oxidation
being a well known feature.

For impregnation we used a 0.5 per cent
ascorbic acid solution.

For impregnation at atmospheric pressure, the
apple slices were immersed within the solution.
When the time expired, the apples have been
removed from the ascorbic acid solution, they
were put on a filter paper in order to obviate
excessive water. One of the samples was used in
order to dosage the vitamin C, while three other
samples have been placed in glass containers
and stored in the absence of light under
refrigeration at 4 0C. Vitamin C has been dosed
after three, six and nine days.

Two samples were kept under refrigeration at -
180C. In this case, the dosage of vitamin C was
done after 9 and 14 days.

For vacuum impregnation, the apple slices were
immersed in the solution, introduced in the void
exicator and maintained at a 500 mbarr vacuum
pressure for 10 minutes. When the time expired,
the apples have been removed from the
solution; they were put on a filter paper in order
to obviate excessive water. We calculated the
quantity of impregnated solution and expressed
it in percentage. A sample was used
immediately for determination of vitamin C and
three samples were placed in glass containers
and stored in the absence of Ilight under
refrigeration at 4 0C. Vitamin C was dosed after
three, six and nine days.

Two samples were stored in a freezer at -18°C. In
this case, the dosage of vitamin C was done after
9, and 14 days. The dosage of vitamin C was
done using an iodomethric method. The method
was chosen because it is simple and quick, it can
be used for uncolored products, if we want to do
some tests in order to obtain comparative results
for products of the same species. The method is
based on ascorbic acid oxidation with iodine
produced through a reaction between potassium
iodide and potassium iodate in an acid
environment.

From an average sample made of examined
material 10-20¢ is taken. The weighing are done
using a analytical balance. The weighted
material is grinded in a mortar with a bit of
hydrochloric acid 2 per cent and 5 d of quartz
sand, until a homogeneous paste is obtained. 40-
50 ml dilution of hydrochloric acid 2 per cent is
added and after a short mixing it is left to settle
aut for e few minutes, then is filtered in a
measuring bottle of 100 cnr. The material
remained in the mortar is washed 3-4 times with
hydrochloric acid 2 per cent levigating and
filtering the dilution and washing the measuring
botlle. Thenceforth it is brought to the sign with
hydrochloric acid 2 per cent and strongky
stirred.

In an Erlenmayer of 100 cnr” 10 cnr’ of the
obtained extract is instilled, 30 cnr’ of distilled
water, 5 cnt’ of potassium iodide 1 per cent and
5 cnr of starch glue 0,2 per cent as an indicator
are added. It is titrated using potassium iodate
/1000 up to dark blue persistent 30 seconds.

The calculation results:

VxV, ><0,088><
GxV,

VitaminaC = 100
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where: V - potassium iodate volume n/1000 for
titrating [cn’]:

V, - extract volume [cnT']:

V, - semples volume [cn’]:

G - weight of the analyzed sample [g]:

Fach measurement was taken in duplicate.

B ANALISES, DISCUSION, APROACHES,
INTERPRETATIONS

The results which were obtained after the
dosage of ascorbic acid for the analyzed samples
are listed in Table 1 and Table .

Tablel. The content of vitamin C in the apples
impregnated with a solution of ascorbic acid 0.5 per
cent at atmospheric pressure and under vacuum
after the preservation under refrigeration.

Vitamin C content [mg/100g
Nr.
Sample product]
crt.
T, 7, T, T
1. Control 6,47 | 592 - -
Sample
impregnated
2 a | 5605| 1200| 855 | 592
atmospheric
pressure and
refrigeration
Sample
impregnated
3. under 81,46 | 73,05 | 62,41 | 37,26
vacuum and
refrigeration

T, = immediately after impregnation,
T, = 3days, T,= 6 days =, T; = 9 days

Table 2 The content of vitamin C in the apples
impregnated with a solution of ascorbic acid 0.5% at
atmospheric pressure and under vacuum after the
preservation under freezing.

Vitamin C content [mg/100g
Nr.
Sample product]
crt.
7, 7, T
Sample
impregnated
.. a1 5790 | 5142 | 5045
atmospheric
pressure
and freezing
Sample
impregnated
2 under 79,84 72,96 72,47
vacuum and
freezing
T, = immediately after impregnation,
T, = 9days, T; = 14 days
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This study shows that by the vacuum
impregnation of apples, Figure 1 (in certain work
conditions) the content of ascorbic acid can be
increased by 55% compared to the atmospheric
pressure impregnation.

A reduction of ascorbic acid degradation has
also been observed regarding the samples which

had been Iimpregnated under vacuum,
compared fo samples impregnated — at
atmospheric  pressure, in the cases of

preservation under refrigeration as well as the

preservation in freezing conditions. Thus:

+ after 5 days the sample impregnated under

vacuum reduced its content of vitamin C by

only 10.32% while the sample impregnated at

atmospheric pressure reduced its Vitamin C

content with 35.5%;

after 6 days the sample impregnated under

vacuum reduced its content of vitamin C by

only 25.38% while the sample impregnated at

atmospheric pressure reduced its Vitamin C

content with 76.27%;

+ after 9 days the sample impregnated under
vacuum reduced its content of vitamin C by
54.26% while the sample impregnated at
atmospheric pressure reduced its Vitamin C
content with 85.56%;

#

.

0 3 6 9

mg ascorbic

Storage time [days]

@ Control @ atmospheric presure impregnation £ vacuum impregnation

Fig. 1. Vitamin C content in fresh cut apples after
refrigeration

The growth of ascorbic acid content and its
higher stability can be explained by the fact that
under vacuum impregnation the ascorbic acid
penetrates into the plant tissue replacing the air
(oxygen) from the apples porous structure.
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Fig. 2 Vitamin C content in fresh cut apples after
freezing

By keeping products in frozen state, as was
expected, the stability of vitamin C is higher
(Figure2) than by preserving the products
refrigerated. Nevertheless in this case the
vacuum impregnation content of vitamin C was
reduced by only 8.61% after 9 days and 9.22 after
14 days, in comparison to impregnation at
atmospheric pressure where the reduction was
of 15.7% after 9 days, respectively with 1834
after 14 days.

B ConcLusion

Vacuum impregnation allows the ascorbic acid
to incorporate itself in the structure of the
apples in a much higher quantity than under
atmospheric pressure. At the same time, vitamin
C impregnated under vacuum, has a greater
stability in time due to the absence of oxygen.
Impregnation under vacuum thus presents a
great potential of strengthening porous plants
with other nutrients intended to improve their
nutritional  characteristics and also with
compounds that can have a positive effect upon
their physical or sensorial characteristics.

The sensorial  evaluation of  products
impregnated under vacuum is particularly
important in order to observe their degree of
acceptance by consumers, task with which we
shall continue these studies.

B  REFFRENCES

[1] E ASLOAN: The top ten functional food
trends: the next generation, Food Technology,
56, 52-57,(2009).

[2] R SEGAL, G.M. COSTIN: Alimente functionale,
FEditura Academica, Galati Romania, 307-309,
(1999).

[3] A CHIRALT P. FITO, A. ANDRES, ] BARAT:
Vacuum impregnation: a tool in minimally
processing of foods. Processing of foods
quality, optimization and process assessment,
CRC Press, 341-356, (1999).

[4] S PARK Z YHAO, S. LEONARD, M.G. RABER:
Vitamin E and mineral fortification in fresh-cut
apples (Fuji) using vacuum impregnation,
Nutrition, and Food Science, 35(6) 393-
402,(2005)

[5] JXIE Y. ZHAO: Nutritional enrichment of fresh
apple (Royal Gala) by vacuum impregnation.
International Journal of Food Science and
Nutrition, 54 (5), 387-398, (2003).

[6] N. BETORET, L. PUENTE MJ  DIAZ.
Development of probiotic-enriched dried fruits
by vacuum impregnation. J. of Food
Engineering, 56, 273-277, (2002).

[7] JXIE Y. ZHAO: Practice application of vacuum
impregnation technology in fruit and vegetable
processing. Trends in Food Science and
Technology, (15), 9, 454-451,(2004).

[8] D. SALVATORI, D. ANDRES, A. CHIRALT. P.
FITO: The response of some proprieties of fruits
to vacuum impregnation, J. of Food Process
Engineering, 21, 59-75, (1999)

[o] AA [ZUGAIE FO. [ZUAGIE: Ilodometric
Determination of Ascorbic Acid (Vitamin C) in
Citrus Fruits. Research Journal of Agriculture
and Biological Sciences, 3(5)

B AUTHORS & AFFILIATION

"Craupiu URSACHI,
?RopicA SEGAL ,
>Craupia MURESAN

3 DEPARTMENT OF TECHNICAL SCIENCE AND
TECHNOLOGY, "AUREL VLAICU" UNIVERSITY OF ARAD,
2 FACULTY OF FOOD SCIENCE AND ENGINEERING,
"DUNAREA DE JOS" UNIVERSITY OF GALATI, ROMANIA

2009/Fascicule 2/ April-June /Tome II



v
_ pathy...........__
ENGI NEER_!_I\?E

" VASILE BACRIA, © NicOLAE HERISANU

ACOUSTICAL ARRANGEMENT OF THE URBAN ROADS

B Abstract:

The phonic pollution on the urban roads is mainly generated by the transportation means. This
affects the human being’s live and activity. In this paper we presented the results obtained in the
investigation and mitigation of the phonic pollution generated by the transportation means in the
urban area through acoustical arrangement of the roads. Specific noise sources, characteristic levels,
noxious effects, admissible limits and propagation way are identified. Description of measurements
and analysis of the results are presented along with some methods concerning the decrease of the

phonic pollution. The efficiency of the implementation of these methods is also discussed.

B  Keywords:

phonic pollution, decrease, urban roads, acoustic arrangement

B /NTRODUCTION

Noises and vibrations are generated on the
urban roads by road transportation means such
as trams, buses, trolleybuses, microbuses, cars,
trucks, tractors or motorcycles. Sometimes,
these noises and vibrations are generated also
by the rail and air transportation means. This is
possible when the urban roads are near the
railway or the airport.

The noises and vibrations generated by
transportation means have characteristic spectra
and levels of intensity. In this way it is possible to
identify the main noise sources from the road
transportation means, Sspecitying the noxious
effects, admissible limits and propagation way.
Starting from the results of the measurements,
we establish some methods concerning the
phonic pollution reduction in the urban area
through the acoustical arrangement of the
roads.

© copyright FACULTY of ENGINEERING — HUNEDOARA, ROMANIA

The efficiency of the implementation of these
methods was evaluated by new measurements.
The acoustical arrangement can be applied in
every practical situation concerning the urban
roads.

B NOISE SOURCES ON THE URBAN ROADS

The noise is generated on the urban roads by
transportation means. This is characterized by
specific frequency spectra, acoustic pressures
and their variations in time. This noise depends
on the intensity and composition of traffic, as
well as on the speed of movement and it is
generated by three basic sources: the engine, the
exhaust system and the tire/road contact. The
trams generate noise and vibrations due to the
variation of speeds, the clearance of the rail
extremity (joints), the elasticity of the rails, the
conicalness, the eccentricity and  the
deformations of the bandages, the wheel guide
on the rails and the brakes and accelerations.
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B  Noxrous EFFEcTS
OF THE PHONIC POLLUTION

The phonic pollution generated by the road
transportation means on the urban roads is
extremely injurious for the human beings’ life
and activity. Thus, for the 70 dB(A) equivalent
noise level during the daytime, 60% of the
population on the urban roads is disturbed [8].
The phonic pollution affects human beings
nervous system generating psycho-
psychological and blood circulation
modifications, as well as sleeps disturbances.
Also the visual function and endocrine gland are
adversely affected. At the same time the phonic
pollution generates auditory tiredness and
sonorous trauma.

In order to reduce the effects of the phonic
pollution on the urban roads, limit values which
cannot be exceeded are established. These limits
are characterized by the equivalent noise level,
by the noise curves (C,) and by percentual noise
level (L,). The equivalent noise level
corresponds to an equivalent intensity which
could be constant during the whole considered
period of time and it is defined by relation

1 T
L. . =101g| = [10°*® gt 7
ech g|:T‘([ ()

where L(t) is the instant acoustic level.

The noise curves (C,) define the relation between
the characteristic frequency of a sound and the
proper acoustic pressure level in the conditions
of a subjective equivalent intensity.

In this way, Romanian standard STAS 10009-88
“Urban acoustics” established the admissible
limits of the noise level in urban environment,
differentiated on zones and functional
endorsements. For the noise level on the urban
roads these values are presented in table 1.

Table 1. The noise level on the urban roads

Street type
(according to L, [dB] | C [dB] | L, [dB]
STAS 10144-80)
I-main 75-85 70-80 85-95
[I-linking 70 65 75
ll-collecting 65 60 75
[V-Iocal serving 60 55 70

In the same time the location of residential
buildings on streets having different technical

categories or at the [limit of some functional
areas as well as the road traffic organizing must
be made so that to be assured the admissible
limits for the exterior noise level (wWhich is 50 dB
or CA45 curve). This noise level is measured in a
point located at 2m distance from the building’s
wall, according to STAS 6161/1-79.

In order to limit the effects generated by rail
traftic noise upon the urban environment, it is
Stipulated that this one cannot exceed 70 dB(A)
at the limit of the rail area (or C,65 curve).

For the limitation of the noise generated by the
air traffic, it is recommended that this noise
arising from airplanes displacement do not
exceed 90 dB(A) during the daytime between
7.00-19.00 hours, 85 dB(A) during the evening
between 19.00-22.00 hours and 80 dB(A) during
the night between 22.00-7.00 hours.

B PROPAGATION WAY OF THE NOISE

During the activity of different noise sources
from the urban roads, rail or air transportation
ways, their vibrations propagate in the
surrounding environment as spherical and
cylindrical waves and, at long distance, as plane
waves.

The equation of spherical waves, in an elastic,
homogeneous and isotropic medium with the
speed potential @ as a parameter is

A j(wt—kr
¢:Tcej(wtk) (g)

where r is the radial coordinate, A. is the
complex amplitude of the spherical wave at the

frequency f :23 that travels from the source
T

with the speed ¢ and k = D is the wave number.
c

If we considerA, = Ae’*,
pressure can be determined with relation [3]

then the acoustical

p :powésin(oyt—kr+a) 3)

In the same time, taking into account that some
parts of the sources from the transportation
means have cylindrical shape, because of their
vibrations, there are produced cylindrical waves.
The equation of cylindrical waves is

p=[AJ, (kr)+ JBY, (kr)le e (4)
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where ¢ has the known signification, r and ¢

are the cylindrical coordinates, A and B are
constants, J, is the Bessel function of the first
degree and m range and Y, is the Bessel-
Neumann function of the second degree and m
range.

In case of the waves that travel uniformly, then
m = 0 and the acoustical pressure can be
written

p=AlJ,(2)+ jYo (2) (5)

Propagation of spherical, cylindrical and plane
waves is causing the variation of the pressure in
a point of the acoustical field. If we consider that
a pressure at a specific moment is p, then the
level of the acoustical pressure is

L=201g-2 (©)

Dy

where p,=2-10"° [N / mz] is the reference
acoustical pressure.

which characterize
pollution, such as:
- the noise climate

the effect of phonic

N.C.=L,, - L, (7)

- the traffic noise index

T.N.I.=4(Ly - Lgy)+ Loy —30 (8)

- the level of phonic pollution
LN.P.=L,, +L,—- Ly )

In order to perform the measurements, the
microphone was placed next to the urban roads
border at 7,5 m distance from the axis of the first
runway, at 1,50 m high from the ground.
Simultaneously with the noise data recording,
the traffic composition and intensity as well as
the speed of the vehicles were determined.

The results of the measurements, the intensity
and composition of the traffic were centralized
in a data base designed for the study of phonic
pollution in Timisoara City.

B MEASUREMENTS ACCOMPLISHMENT

B ANALYSIS OF THE MEASUREMENTS RESULTS

Taking into consideration the huge number and
variety of sources that have a part to play in
denerating the noise on the urban roads, as well
as the nature of the acoustic produced by these
ones, the acoustic field is extremely complex
and its study is indicated to be of an
experimental nature.

Noise level measurements were carried out in
119 measurements points which were located
near some of the most noisy roads crossings
from Timisoara city [1], [5]. The measurements
were performed using the Briiel & Kjaer 2237
Controller Integrating Sound Level Meter and
the Hand-held Analyser Briiel & Kjaer 2250.
These ones allowed measuring and automatic
recording of the most important parameters of
the noise such as: L., (equivalent noise level), L,
(exposure level), L., (maximum noise level),L,,;,
(minimum noise level), L,, Ls L, Lsy Lo Los
(percentage noise levels). These parameters
were obtained during a continuous 8 hours
period of time (7.50-15.30), divided into 1 hour
time intervals.

By means of these measured parameters, it was
possible to compute other physical indicators
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From the obtained data it results that the
equivalent noise level exceeds the maximum
admissible value (defined by Romanian standard
STAS 10009-88 concerning “Urban acoustics”) in
95 points from the total of 119 measured points,
which means 79,85% of the total points.

The overtaking was included into the interval
05-155 dB. Table 2 presents the statistical
distribution of the equivalent noise level (L,,) in
the measured points, as well as the percentage of
disturbed people [8].

Table 2. Statistical distribution of the equivalent noise
level (L.,) in the measured points, as well as the
percentage of disturbed people

I No. of % Percentage of
e points disturbed people
54,3 / 0,85 8
55+60 0 0 0
60,5+63,5 9 7.6 25+40
65,1+70 37 31,1 492+60
70,1+74,9 51 42,8 60,1799
75,1796 18 15,1 80, 1+98
81,8 / 0,85 100
85,5+85,9 2 1,7 100
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In the majority of the measurement points, the
peak noise level was exceeded with 1-9,5 dB
while the admissible noise level established to 50
dB measured at 2 meters distance from the
buildings was generally exceeded with 1,5-52,9
dB(A).

The average equivalent noise level for the 119
measured points was 71,05 dB(A) and the
average traffic intensity was 12025 aut/h. The
traffic intensity ranged between 9 and 2681
aut/h while the speed of vehicles ranged
between 40 and 60 km/h.

The percentage of different transportation
means is presented in table 3. The noise level
generated by trains measured at the limit of the
rail area exceeded the admissible value with 2,9-
12,7 dB(A).

Table 3. The percentage of different
transportation means

Transportation Minimum Maximum
means percentage percentage
Trams 0.4 18
Buses 0,01 7.5

Trolleybuses 0,04 7.8
Microbuses 1,1 15,9
cars 34,2 95,27
Trucks 03 181
Tractors 0,01 29
Motorcycles 0,01 4,1
Trains 0,08 54,7

Because in the majority of the measured points
the admissible limits were exceeded, it was
found to be necessary to apply some measures
for acoustic arrangement of the urban roads.

B AcousTicAL ARRANGEMENT
OF THE URBAN ROADS

In order to reduce the noise on the roads in
Timisoara City, some measures for acoustic
arrangement were established and
implemented. In this way, the old rail system
was completely changed and replaced with a
modern one, more silent, with better insulating
properties. All the old noisy trams were replaced
with a newer generation, but unfortunately not
the newest one.

On many streets it was improved or replaced
the superstructure of the runway. Many
crossings were modernized and semaphores
were installed. One-way traffic was imposed for
some streets and the speed of vehicles was

limited. It was eliminated the presence in traffic
of heavy trucks in the central area of the City.
On some roads it was allowed the access only
for certain categories of vehicles. On the other
side, in order to avoid the presence of heavy
trucks on the urban roads, it was started the
construction of a ring-road for Timisoara.
Protective green zones were implanted between
the runways and the residential areas.

The effect of the implementation of these
measures on the noise abatement were
evaluated  through  new  measurements
performed in 46 measurement points, selected
near some of the most important crossings of the
urban roads from Timisoara City.

From the obtained data it results that in the 46
measured points, the equivalent noise level was
reduced with 01-124 dB and in 32 points
(69,56%) the noise level does not exceed any
more the admissible value defined by STAS
10009-88.

In the following section, we present a
comparison between the situation existing in
these 46 measurement points before and after
the implementation of noise abatement
measures.

In table 4 and table 5 we present the statistical
distribution of the equivalent noise level and the
percentage of disturbed people in those 46
measurement points before (table 4) and after
(table 5) the implementation of noise abatement
measures.

Table 4. The statistical distribution of the equivalent
noise level and the percentage of disturbed people
in those 46 measurement points before the
implementation of noise abatement measures

L, No. of % Percentage of
[/dB] points disturbed people
63,5 1 22 37

66,2+69,7 10 21,7 47+59
70,1+74,9 28 60,9 6079
75,1+786 7 15,2 80, 1+97

Table 5. The statistical distribution of the equivalent
noise level and the percentage of disturbed people
in those 46 measurement points after the
implementation of noise abatement measures

L, No. of % Percentage of

/dBJ points disturbed people
60,165 16 38,4 925+44
66,1699 18 39,1 47+60
70,4~+74,2 11 23,9 6178

75,1 ! 22 80,1

2009/Fascicule 2/April-June /Tome II
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The average equivalent noise level in these 46
measurement points was 71,8 dB(A) for an
average traffic intensity of 1260,7 aut/h before
the application of noise abatement measures
and 67,3 dB(A) for an average traffic intensity of
1429 aut /h after the implementation.

Regarding the average equivalent noise level
existent at 2 meters distance from buildings, this
one was 67,35 dB before the application of noise
abatement measures and 62,7 dB after that.

Table 6. The transportation means before application
of noise abatement measures

Transportation Minimum Maximum
means percentage | percentage
Trams 0.4 15,1
Buses 0,01 27
Trolleybuses 0,04 3,0
Microbuses 29 10,9
Cars 68,7 95,27
Trucks 0.4 16,4
Tractors 0,03 1,4
Motorcycles 0,01 1,7
Trains 0,1 1,7

Table 7. Transportation means after application of
noise abatement measures

B CoNcCLUSIONS

After performing the investigations described in
the paper, it was possible to evaluate the degree
of phonic pollution for Timisoara City. The
acoustical arrangement of the urban roads leads
to a diminution of the pollution degree also a
diminution of the percentage of disturbed
people.

The measurements performed after the
acoustical arrangement of the urban roads
proved its efficiency. This can be underiined by
comparing the results of the measurements
performed before and after the acoustical
arrangement of the urban roads.

Once the acoustical arrangement of the urban
roads proved its efficiency, these methods can
be easily applied in every practical situation
concerning traffic or industrial noise.

Finally one can conclude that the acoustical
arrangement of the roads implemented in
Timisoara City proved its efficiency.

The percentage of transportation means in these
46 measurement points is presented in table 6
(before application of noise abatement
measures) and in table 7 (after application of
noise abatement measures).

In the same time it was proved that an
important contribution to the noise generated
by the road transportation means on the urban
roads has the tire/road contact, which can be
reduced by covering the road superstructure
with rubberized asphalt or with rubber
pavement. Using these measures it is expected to
obtain a noise level reduction with approximate
4 dB. These methods will be also useful for an
increased traffic security realized through the
elimination of the vehicle skidding.
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GENERAL CONCEPTS OF MAINTENANCE

B Abstract:

Maintenance involves preventive (planned) and unplanned actions carried out to retain a system at
or restore it to an acceptable operating condition. Optimal maintenance policies aim to provide
optimum system reliability and safety performance at the lowest possible maintenance costs. Proper
maintenance techniques have been emphasized in recent years due fo the fact that the safety and
reliability requirements of system, increased complexity and costs of material and labor are

Increasing.

B  Keywords:

maintenance, reliability, Preventive maintenance (PM),
Corrective Maintenance (CM), Impertect maintenance

B /NTRODUCTION

Maintenance has evolved from simple model
that deals with machinery breakdowns, to time-
based preventive maintenance, to today’s
condition-based maintenance. It is of great
importance to avoid the failure of a system
during its actual operation especially, when
such failure is dangerous or costly. Time-based
and condition-based maintenance are (wo
major approaches for maintenance. In contrast,
condition based maintenance can be more
profitable in order to avoid failure occurrence at
the lowest cost and to improve the availability
and reliability of the maintained system.

The choices of the inspection schedule and
preventive maintenance thresholds obviously
have a great influence on the economic
performance of the maintenance policy. The
inspection  dates and the  preventive
maintenance are main decision variables
considered in many researches.

© copyright FACULTY of ENGINEERING — HUNEDOARA, ROMANIA

B MAINTENANCE CLASSIFICATION

Maintenance can be classified by two major

categories: corrective and preventive. Corrective

Maintenance (CM) is the maintenance that is

performed when the system fails. Corrective

maintenance means all actions performed as the
result of failure, to restore an item to a specified
condition.

DPreventive maintenance (PM) is the

maintenance that happens when the system is

operating and it means all actions performed in
an attempt to retain an item In specified
condition by providing systematic inspections,
detection, and prevention on failures.

Maintenance can also be classified according to

the degree to which the operating condition of

an item Is restored by maintenance in the

following way [1]:

1. Perfect repair: perfect maintenance is
maintenance actions which restore a system
operating condition to as ,good as new’.
That is, perfect maintenance and a system
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has the same lifetime distribution and failure
rate function as a new one. Generally,
replacement of a failed system by a new one
is a pertect repair.

2. Minimal repair: minimal maintenance
actions which restore a system to the same
failure rate as it had when it failed. Minimal
repair was first studied by Barlow [2]. The
system operating state after the minimal
repair is literally called ,as bad as old’

3. Impertect repair or imperfect maintenance:
maintenance actions which do not make a
system not ,as good as new” but younger.
Usually, it is assumed that impertect

4. maintenance restores the system operating
state to somewhere between ,as good as
new” and ,as bad as old". Clearly, imperfect
repair (maintenance) is a general repair
(maintenance) which can include two
extreme cases: minimal and perfect repairs
(maintenance). [Engine tune-up is an
example of imperfect maintenance.

5. Worse repair or worse maintenance:
maintenance actions which un-deliberately
make the system failure rate or actual age
increase but the system dose not breakdown.
Thus, upon worse repairs a system operating
condition became worse than that just prior
to its failure.

6. Worst repair or worst maintenance:
maintenance actions which un-deliberately
make the system fail or break down.

According to the above suggested classification,
we can say that a PM can be a minimal, perfect,
impertect, worst or worse one. Similarly, a CM
could be a minimal, perfect, imperfect, worst or
worse CM. We will refer to impertect CM and PM
as imperfect maintenance later. The type and
degree of maintenance used in practice depends
on types of systems, their costs as well as
reliability and safety requirements.

In the related literature, most studies assume

that the system after CM or PM is ,as good as

new’” (perfect maintenance) or ,as bad as old”

(minimal maintenance). In practice, the perfect

maintenance assumption may be acceptable for

system with one component which is
structurally simple. On the other hand, the
minimal repair assumption seems reasonable for
failure behavior of systems when one of its
components, non-dominating component, is
replaced by a new one. However, many
maintenance activities may not result in these

two extreme situations but in a complicated

intermediate one. Therefore, perfect

maintenance and minimal maintenance are not
practical in many actual instances and realistic
imperfect maintenance should be modeled.

Recently, imperfect CM and PM have received

more attention in reliability and maintenance

literature. In fact we can say that imperfect
maintenance study indicates a significant
breakthrough in maintenance and reliability and
maintenance theory. In [3] the author
mentioned that imperfectness of maintenance is
related to the skill of the maintenance
personnel, the quality of the maintenance
procedure, and the maintainability of the system

[3]. Obviously, maintenance expenditure and

reliability requirement also have important

effects on imperfectness of maintenance. Barlow
and Proschan presented some possible causes
for imperfect, worse or worst maintenance due

to the maintenance performer [4/:

+ Repairing the wrong part.

Only partially repairing the faulty part.

Repairing (partially or completely) the faulty

part.

Incorrectly assessing the condition of the

inspected units.

Performing the maintenance action not

when called for but at customer

convenience.

Nakagawa mentions three reasons causing

worse or worst maintenance [5/:

& Hidden faults and failure which are not
detected during maintenance.

* Human errors such as wrong adjustments
and  further damage done  during
maintenance.

+ Replacement with faulty parts.

According to Barlow and Proschan [4],

maintenance policies based on planned

inspections are ,periodic inspection” and

Linspection interval dependent on age”. By

periodic inspections, a failed unit is identified or

it is determined whether the unit is functioning
or not. With aging of the unit, the inspection
interval may be shorter. These inspection
methods are subject to imperfect maintenance
caused by randomness in the actual time of
inspection, in spite of the schedule, imperfect
inspection and cost structure. Therefore, realistic
and valid maintenance models must incorporate
with random features of the inspection policy.
So far only a small portion of literature

= = #F
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concerning to the stochastic behavior of the
repairable systems and maintenance is involved
in imperfect maintenance.

B MuLTI COMPONENT SYSTEM'S MAINTENANCE

Currently, the interest for multi component
maintenance models Is Increasing. [n the
beginning vast majority of the maintenance
models were concerned about a single piece of
equipment operating in a fixed environment,
considered as an intrinsic barrier for allocations.
Maintenance action of a multi component
system difters from that one for a single-unit
system; because these depend on some factors.
One of the dependencies is economic
dependence. Another one is failure dependence,
or correlated failures. Economy dependency is a
common fterm In most continuous operating
systems. For this type of systems, the cost of
system unavailability (one-time shut-down) may
be much higher than component maintenance
costs. Therefore, there is often great potential
cost saving by implementing an opportunistic
maintenance policy.

Obviously, the joint maintenance of two or
more subsystems tends to spend less money and
less time (economy dependency) and the
failures of  different subsystems in
multicomponent  system may not be
independent (failure dependency). Thus, each
subsystem may not be considered as a single-
unit system, and to apply the existing optimum
maintenance models of a single-unit system to
each of such subsystems may not be practical.
Imperfect maintenance exists also in a
repairable multi-component system. If one of its
subsystems fails, it can be repaired by replacing
some of its parts. Clearly, reliability measures of
the repaired subsystems are improved after
repair but it might not be as good as new
(impertect CM), and consequently the entire
system will no longer function as well as a new
one.

Realistic imperfect maintenance associated with
individual subsystems and accordingly systems
have to be modeled. According to [6], systems
used in the production of goods and delivery of
services constitute the vast majority of most
industry's capital. These systems are subject to
deterioration with usage and age. System
deterioration is often in higher production costs
and lower product quality, to keep production
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costs down while maintaining good quality. PM
is often performed on such systems. It is obvious
that these kinds of system are often composed
by many subsystems whose maintenance is often
imperfect or sometimes even worse. It is
necessary to point out that considering the
entire system as a single unit by a minimal repair
model may not be suitable for large-scale
systems. Such maintenance modeling is also too
rough for complex systems due to the economy
and failure dependencies. In practice, some
subsystems are inspected and tested separately
and their reliability performances are also
evaluated individually.

Lifetime distributions of all new subsystems are
known through reliability tests and statistical
results before they will be used for such systems.
As a result, we can evaluate whole system
reliability measure and system maintenance cost
based on failure information, maintenance costs,
and maintenance degree of all subsystems.
Therefore, we may say that a realistic method is
to treat a system the same as one with many
subsystems which are subjects to imperfect
maintenance. We are, also able to model
imperfect maintenance of the system through
imperfect maintenance modeling of all
subsystems and at the same time economical
model and failure dependency of the system in
order to obtain global optimum maintenance
policies for the system.

B ConcLusIionN

The usual criteria of optimization of
maintenance policies are based on maintenance
cost measures, same as expected maintenance
costs per unit of time and total discounted costs.
Hence the optimal maintenance policies are the
ones that minimize or maximize a given cost
criterion

Reliability is the branch of quality assurance that
deals specifically with the ability function upon
d