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Abstract:

Muslims throughout the ages interested in the Holy Quran
memorization, education and service, with the development of the
use of modern technologies, including computer in various areas of
our daily lives, had to be adapted to serve the source of the first
Islamic our legislation: the Quran, and the various sciences. Apart
innovation programs that serve the Quran, and the creation of
specialized websites aimed at the book of Allah Glorified and
Exalted service and online methods came into existence (E-
Memorizing) which is a specialized sites and forums correct
recitation and memorization of the Quran over the Internet.

After the advent of the Internet is widely grown IT services of the
Holy Quran and its Sciences represented hundreds of sites on the
World Wide Web, and multiple languages, represented by sites
interpretation of the Quran, and the meanings of the words of the
Quran, and the translation of the Holy Quran and the problems of

translation, manuscripts Quran and copy it, and teach the Quran and
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save it, and teach intonation and the provisions of the recitation, and
provide the first two books easily, and multiple forms of display
video and audio, and finally the ability to search in the words of
roots and verses of the Quran.

With the increasing number of Muslims annually at high rates in
the world, and because of the scarcity in the number of Memorize
Quran qualified culturally and educationally and technically, it has
become the establishment of E- Memorizing ordinance modern
urgent; that fill this scientific gap in the education of the principles
of reading the Quran and recite, and ponder its meaning.

In this paper we show the importance of E- Memorizing, and
necessity, and its benefits, and requirements, and how to update
them.

As we explain in detail how to adapt some of the new technologies
and use them to develop E- Memorizing under the provision of
networked computers and devices, and the Internet and multi-media.

And displays some of the successful models of E- Memorizing,
and show some of their possible protection methods.
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Abstract

Mathematics has become in the present day constitute a major
obstacle for many students in all their learning whether it be in
terms of acceptance of the article or in terms of how they are
taught it. A lot of students seen that mathematics is difficult and
complex material of understanding and this leads to the
student's ability to not accept this article psychologically and
mentally.

One of the main causes that lead to these results is the lack of
familiarity with the teacher effective and varied teaching
methods that work to raise student motivation to learn
mathematics science and discovery this science, which
overwhelmed by abstraction and coding in all its contents.

In addition to the lack of use the teacher the diverse activities of
intellectual and engineering drawings sports and puzzles that
have a significant role in simplifying mathematics.

In this paper we offer some effective teaching methods which
help student to increase the educational attainment level, and
shows the great impact of modern teaching methods in learning
mathematics. And knowing the importance of mathematical
skills in learning mathematics.
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Abstract

Witness our many scientific progress and technical acceleration,
as a result of this broad progress and constant acceleration observe
the emergence of different ways to break through various security
systems. In contrast, the emergence of modern means of trying to
reduce the possibility of penetration of such systems, the most
important systems that rely on dynamic features to try to use these
features to maintain the level of security by verifying the identity of
persons. This study provides information on the vital features and
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used to identify people. And focus on the Iris and their applications
in various fields. This study aims to use iris recognition to identify
people through the iris image. And examine whether this technique
applied inside the Libyan airports or not, and the feasibility of its
application.
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following rules :
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Originality of ideas, research studies which are submitted for
publication were not previously published .
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e The search method and the materials and equipment
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e Results

o discuss the results (Result Dissection)

e The conclusion (Conclusions).

e Thanksgiving (Acknowledgement).

e References : depending on the context and writes the
conventional and are referenced in the text as the
author ( or authors ) and the year of publication.

Thirdly — Font and writing :

The language of research or studies paper should be English and
does not exceed 250 words .

The number of pages must not exceed 15 pages.

Use Microsoft Word text editor to write the paper, Spacing
between the lines is 1.5 and the fonts types and size should be as
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55rt Type of font Size of
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Paper title Times New Roman (Bold) 14
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top and bottom of the pages.

Fourthly: Figures and Tables

Positioning Figures and Tables: Place figures and tables at the top or
bottom of columns. Avoid placing them in the middle of columns. Large
figures and tables may span across both columns. Figure captions
should be below the figures; table heads should appear above the
tables. Insert figures and tables after they are cited in the text. Use
“Figure 1”and “Table 1” in bold fonts, even at the beginning of a
sentence.

Table 1.Table type styles (Table caption is indispensable).

Pb Cu Fe Ag Mn Si Ni Others

99.5 | 0.03 | 0.001 | 0.001 | 0.0005 | 0.001 | 0.001 | 0.022

We suggest that you use a text box or a table to insert a
graphic (which is ideally a 500 dpi jpg, Bmp or tiffile,
with all fonts embedded) because, in an MSW document,
this method is somewhat more stable than directly
inserting a picture.

To have non-visible rules on your frame, use the MSWord
“Format” pull-down menu, select Text Box > Colors and
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Equations:

Equations should be written by Equation Editor, And numbered
sequentially,

as shown the following example

1 1d
y =3 +3x—32 (1)

Fifthly: references

In the text, a reference identified by means of an author‘s
name should be followed by the date of the reference in
parentheses. When there are more than two authors, only the
first author‘s name should be mentioned, followed by ’et al‘.
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Nairobi, Kenya, personal communication). Journal names are
abbreviated according to Chemical Abstracts. Authors are
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parasites among North Carolina migrant farm workers. Am.
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Investigation of Operational Parameters of Combined
Steam Rankine, Brayton and inverse Brayton Cycles
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Almahdie Aboubaker Ahmad®
1) Physics department, Faculty of science, Sebha University-Libya.
2) Higher institute of universal career, Bint Bia-Libya.

3) Higher Institute of Comprehensive Careers Sebha

Almhdie2@yahoo.com, maa273@yahoo.com

1. Abstract

The study presented in this paper examined the operational
parameters of a proposed thermal energy system constructed from
steam Rankine, Brayton and inverse Brayton cycles. The proposed
thermal energy system was tested by varying the upper cycle
pressure ratio for different values of steam turbine inlet pressure,
different values of expansion pressure of inverse Brayton cycle and
for three cases of exhaust gases mass split ratios (I, 1l and I11), using
fixed maximum system temperature. The results showed that the

proposed thermal energy system is operational only in the first two
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cases of exhaust gases mass split ratios (I and Il). The proposed
thermal energy system in the third case of exhaust gases mass split
(1) is not operational because of insufficient amount of heat energy
to run the steam Rankine cycle. Also, the proposed energy system in
both operational cases (I and Il) has only one operating point at 11:1,
for the value of steam turbine inlet pressure 60 bar. The proposed
thermal energy system obtained maximum operating range in the
first two operational cases (I and 1) for the values (30 bar and 20

bar) of steam turbine inlet pressure, respectively.

Keywords: Steam Rankine cycle, Brayton cycle, combined cycles,
hybrid thermal systems, and IPSEpro (the process simulator).

2. Introduction and review

The interest in heat recovery technique has been increased recently
aiming to save the limited fossil fuel sources and reduce thermal
pollution. The conducted research efforts in realizing maximum
energy utilization have resulted in steam and gas combined cycles
which nowadays achieved widespread due to their reliability and
high performance. Various technical modifications have been
introduced into these conventional combined cycles in an attempt to
raise their performances [1,2]. The continued efforts in developing
the field of combined cycles produced unconventional combined
cycles with different bottom cycle arrangement. Moreover, an
inverse Brayton cycle of various configurations was used as a
bottom cycle for different applications. In these forms of bottom
cycles the expansion process was taken below atmospheric pressure
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to generate more power output. For instance, a hybrid gas turbine
cycle known as Braysson cycle constructed from a conventional
Brayton and Ericsson cycles was suggested [3]. The value of the
expansion pressure of this bottom cycle arrangement reached 0.04
bar, equivalent to condensing pressure in steam cycles. Furthermore,
a theoretical study was performed on a thermal system contained a
bottom cycle constructed from an expander followed by multistaged
intercooled compressor [4]. The results of this study limited the
bottom cycle expansion pressure of the proposed system to 0.25 bar
to avoid mechanical problems and reduce the size of components.
More than that, a thermal combined system proposed to include an
inverted Brayton cycle followed by a heat exchanger, aiming to
realize maximum energy utilization [5]. The results obtained of this
proposed thermal system indicated that better performance could be
achieved when using inverse Brayton cycle expansion pressure less
than 0.7 bar. In addition to that, an unconventional simple combined
thermal system known as Brayton and inverse Brayton cycles were
produced and has become a field of interest in developing more
efficient thermal energy systems [6]. This study recommended the
values of bottom expansion pressure of inverse Brayton cycle as
(0.3, 0.4 and 0.5 bar) for best results. Also, a hybrid thermal system
was constructed by using two parallel inverse Brayton cycles and a
steam Rankine cycle [7]. This hybrid thermal system was operated at
various exhaust gases mass split ratios and obtained better results
when the values of the expansion pressures of the two inverse
Brayton cycles are equal to 0.5 bar. The hybrid thermal system
configuration suggested in [7] was further developed by removing
one inverse Brayton cycle. Consequently, the new produced hybrid
thermal system incorporated a steam Rankine, a Brayton and an
inverse Brayton cycles [8]. The modified hybrid thermal energy
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system was operated at different exhaust gases mass split ratios and
achieved best results when the mass ratio of exhaust gases mass split
entering into the heat recovery steam generator is equal to 75% of
the total exhaust mass.

In this study, as a continuation in developing the hybrid thermal
systems (unconventional combined cycles) the most of heat energy
contained in the exhaust gases rejected from gas turbine could be
effectively utilized in augmenting the power output by using an
energy system composed of steam Rankine, Brayton and inverse
Brayton cycles as shown in Figure 1. This study aims to provide a
clear idea about the operational parameters of this proposed thermal
energy system and it will be carried out by varying the Brayton cycle
pressure ratio for a fixed maximum system temperature, using
various values for the expansion pressure of inverse Brayton cycle
and steam turbine inlet pressure, for different exhaust gases mass
split ratios.

Notations
h specific enthalpy (kJ/kg) Ps bottom cycle expansion
pressure (bar)
HE; Heat exchanger of inverse T temperature (°C)
Brayton cycle
HE, Heat exchanger of steam cycle X dryness fraction
m mass flow (kg/s) P effectiveness of 1% heat
! exchanger
P pressure (bar) € effectiveness of 2" heat
2 exchanger
Pr Upper cycle pressure ratio
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3. System description and analysis

The proposed energy system is constructed from an upper cycle and
two bottom parallel cycles as shown in figure (1). The upper cycle is
a Brayton cycle consisting of a compressor, combustion chamber,
and turbine. It is used to produce power and in the same time works
as an energy source for the two parallel bottom cycles (steam
Rankine and inverse Brayton cycles). The first bottom cycle is an
inverse Brayton cycle which consists of an expansion process
followed by cooling at constant pressure and a compression process.
The steam Rankine cycle is the second bottom cycle. It is
constructed from a turbine, a condenser and a feed pump. The two
bottom cycles have been linked with the Brayton cycle by means of
a splitter. The splitter distributes the rejected (heat energy) from
Brayton cycle to the bottom cycles for any ratio needed at inverse
Brayton cycle or Rankine cycle.

The effectiveness of the heat exchangers is defined as the ratio of the
actual heat taken to the maximum possible heat gain.
The effectiveness of the first heat exchanger is:

_ m14(h15 - h14)
ms hs - m14h14

1)

1

The effectiveness of the second heat exchanger is:

— ml3(h10 B h13)
m8h8 - m13h13

()

2

The dryness fraction of the expanded steam is calculated as:
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11 f
X = (p11) (3)
hfg(pn)

The Brayton cycle (upper cycle) pressure ratio is:

P, =P, / P, (4)

The inverse Brayton cycle pressure ratio is:
Pr = P7/ P (5)

Brayton cycle
c 0
1 Stacks
S | ; a 5 4
stack, m; g
A
F " H 13
\lr HE
: HO [
Steam Rankine
Inverse Brayton ycle a
3 cycle 1
i HE; 3 @ndenser Pump
— TN
14 51
Fig. 1. System layout
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4. Assumptions

The study has been made based on the following assumptions:

The pressure and temperature of the intake air considered as,
1.0135 bar& 15°C, respectively.

The turbine inlet temperature of Brayton cycle (upper cycle)
chosen to be constant (T3=1300 °C).

The inlet temperature and pressure of the inverse Brayton cycle
chosen to be variable, to be determined as a result of the
Brayton cycle pressure ratio variations.

The range of expansion pressure of the inverse Brayton cycle
chosen (0.2 -0.6 bar).

The steam turbine inlet temperature (for different values of Pg)
iIs a result of varying upper cycle pressure ratio.

Each of the stack pressures set as (P;=Py=1.04 bar).

Condenser pressure chosen to be (0.04 bar).

The fuel is natural gas sulphur free.

The mechanical efficiency of the turbo-machines chosen to be
99 per cent and the component relative isentropic efficiencies

for the turbines and compressors as 0.90 and 0.85, respectively.

The mass of exhaust gases of the upper cycle split into two flows (m;

and mg3) and the study was carried out for three cases as follow:

Case I: equal mass ratio (m,= m3 =50 per cent m;).
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Case II: decreasing mass of exhaust gases into the inverse Bayton
cycle to (my= 25 per cent my).
Case I1I: increasing mass of exhaust gases into the inverse Brayton

cycle to (m, = 75 per cent my).

5. Results and discussion

The results obtained presented and discussed as follow:

Case I: equal exhaust gases mass split (m,=m3=50% m;)

The results presented in table 1 show the values of various operating
parameters of the proposed energy system when operated at
maximum system temperature 1300°C, using steam turbine inlet
pressure 20 bar for the values of inverse Baryton cycle expansion
pressure from 0.2 bar to 0.6 bar. The results obtained illustrate that
the operating range of the proposed energy system has an upper and
lower limits. For instance, the proposed energy system has a lower
limit at upper cycle pressure ratio 10:1, as the steam turbine inlet
temperature exceeded the metallurgical limit (560°C), the rest of
operating parameters remain acceptable. Furthermore, the topping
cycle pressure ratio 20:1 is the upper limit of the operating range of
proposed energy system as the effectiveness of the second heat
exchanger reached unity, other operating parameters remain in the

recommended range.
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Table 1: System operating range when (P1,= 20 bar and Ps= 0.2-0.6 bar)

PP Tp(CC) X €1 €
10 576 0.95 0.91 0.86
11 557 0.94 0.91 0.88
12 539 0.94 0.91 0.89
13 523 0.93 0.90 0.91
14 509 0.92 0.90 0.92
15 496 0.92 0.90 0.93
16 484 0.91 0.90 0.95
17 472 0.91 0.89 0.96
18 462 0.90 0.89 0.97
19 452 0.90 0.89 0.98
20 443 0.90 0.89 1.0

Table 2 show the results of operating parameters obtained when the
steam turbine inlet pressure in the proposed energy system increased
to 30 bar, the rest of operating conditions remain unchanged. The
results obtained in this condition show similar operating range of the
proposed energy system to that when the steam turbine inlet pressure
is 20 bar, table 1. The lower limit of the operating range in this
operating condition is 10:1 due to metallurgical limit, similar to that
when (P1p=20 bar) with the same reason. On the other hand, the
value of the topping cycle pressure ratio 20:1 is the upper ending
operating point of this operating condition due to the increase in
moisture content of the expanded steam. The upper ending operating
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point of this operating condition (P10=30 bar) is similar to that when
(P10=20 bar) but for different reason.

Table 2: System operating range when (P1,= 30 bar and Ps= 0.2-0.6 bar)

P, T (°C) X € €

10 576 30.9 0.91 60.8
11 557 0.92 0.91 0.87
12 539 0.91 10.9 0.89
13 523 10.9 0.90 0.90
14 509 0.90 0.90 20.9
15 496 900. 900. 0.93
16 484 0.89 900. 0.94
17 472 90.8 0.89 60.9
18 462 0.88 0.89 70.9
19 452 80.8 90.8 0.98
20 443 0.87 90.8 0.99

It can be noticed in table3 that the operating range of the proposed
energy system decreased by increasing the steam turbine inlet
pressure of the steam cycle to 40 bar. The results obtained
demonstrate that the system upper ending operating point is (16:1)
due to the increase in moisture content of the expanded steam,
reduction in dryness fraction below the recommended value. The
lower operating limit for (P1p=40 bar) is similar to those obtained in
previous operating conditions (10:1) and for the same reason.
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Table 3: System operating range when (P1,= 40 bar and Ps= 0.2-0.6 bar)

P, T1 (°C) X €1 €

10 576 0.91 0.91 60.8
11 557 0.90 0.91 0.87
12 539 900. 910. 90.8
13 523 0.89 0.90 0.90
14 509 90.8 0.90 0.91
15 496 0.88 900. 30.9
16 484 0.87 900. 0.94

The operating range of the proposed energy system when the steam
turbine inlet pressure raised to 50 bar is illustrated in table 4. The
results show that the operating range of the proposed energy system
further decreased by increasing the steam turbine inlet pressure. The
upper ending operating point is limited at the value of topping cycle
pressure ratio 14:1 because of the increase in moisture content of the
expanded steam. The lower operating limit and first operating point
are similar to those obtained for previous operating conditions of the

proposed energy system.
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Table 4: System operating range when (P1,= 50 bar and Ps= 0.2-0.6 bar)

P TpCC) X €1 €2

10 576 0.90 0.91 0.85
11 557 0.89 0.91 0.87
12 539 0.88 0.91 0.88
13 523 0.88 0.91 0.90
14 509 0.87 0.90 0.91

The results listed in table 5 show the values of various operating
parameters of the proposed energy system when the steam turbine
inlet pressure increased to 60 bar. The results obtained show that the
proposed energy system when operated at upper cycle pressure ratio
10:1 the value of steam turbine inlet temperature rises more than the
recommended metallurgical limit (560°C), the values of rest of
parameters are acceptable. More than that, the proposed energy
system when operated at upper cycle pressure ratio 12:1 the value of
steam dryness fraction dropped below the recommended value (less
than 0.88), which may cause corrosion and erosion in the last stages
of steam turbine. Consequently, the proposed energy system when
operated at maximum system temperature 1300°C, steam turbine
inlet pressure 60 bar and using values of inverse Brayton cycle
expansion pressure (0.2 bar to 0.6 bar) has one operating point 11:1,
as the values of steam turbine inlet temperature, the effectiveness of
the first and second heat exchangers and the steam dryness fraction
lie in the recommended range.
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Table 5: System operating range when (P1,= 60 bar and Ps= 0.2-0.6 bar)

Pr TlO (OC) X &1 &2

10 576 0.89 0.91 0.85
11 557 0.88 0.91 0.87
12 539 0.87 0.91 0.88

Case I1: unequal mass split (m;=25%m;& m3=75%m;)

The results presented in table 6 show the operating range of
proposed energy system when operated at steam turbine inlet
pressure 20 bar for fixed maximum system temperature 1300°C and
unequal exhaust gases mass split, using the chosen values of inverse
Brayton cycle expansion pressure (0.2 bar to 0.6 bar). In this case the
increase in mass of exhaust gases entering into the heat recovery
steam generator will provide more heat energy available to produce
steam. Table 6 shows that the system operating range expanded more
than that obtained in case I.

Table 6: System operating range when (P1o= 20 bar and Ps= 0.2-0.6 bar)

P, T10 (°C) X €1 ()

10 576 0.95 0.91 0.57

11 557 0.94 0.91 0.58

12 539 0.94 0.91 0.59

13 523 0.93 0.90 0.60

14 509 0.92 0.90 0.61
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15 496 0.92 0.90 0.62
16 484 0.91 0.90 0.62
17 472 0.91 0.89 0.63
18 462 0.90 0.89 0.64
19 452 0.90 0.89 0.65
20 443 0.90 0.89 0.66
21 434 0.89 0.88 0.66
22 426 0.89 0.88 0.67
23 418 0.89 0.88 0.68
24 411 0.88 0.88 0.68
25 404 0.88 0.88 0.69
26 397 0.88 0.87 0.70
27 391 0.87 0.87 0.70

Also, it shows that the values obtained for the effectiveness of
second heat exchanger were smaller than those obtained in case |
(table 1). Moreover, the upper ending operating point of the
proposed energy system is (27:1), due to increase in moisture content
in the expanded steam. On the other side, the lower ending operating
point of the proposed energy system is similar to that obtained in
case of equal mass split (10:1), for the same reason (table 1).

The system operating range of the proposed energy system when
operated at steam turbine inlet pressure 30 bar is reduced and ended
at 20:1, (table 7). The system operating range and the values of
operating parameters obtained are similar to those in case | except
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for the values of effectiveness of second heat exchanger, (table 2).
Also, the reasons behind the two system ending operating points
(10:1 and 20:1) are similar, due to metallurgical limit and moisture
content in expanded steam, respectively.

Table 7: System operating range when (P1,= 30 bar and Ps= 0.2-0.6 bar)

P, T10 (°C) X € &
10 576 0.93 0.91 0.57
11 557 0.92 0.91 0.58
12 539 0.91 0.91 0.59
13 523 0.91 0.90 0.60
14 509 0.90 0.90 0.60
15 496 0.90 0.90 0.61
16 484 0.89 0.90 0.62
17 472 0.89 0.89 0.63
18 462 0.88 0.89 0.64
19 452 0.88 0.89 0.65
20 443 0.87 0.89 0.65
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Table 8: System operating range when (P1,= 40 bar and Ps= 0.2-0.6 bar)

P, Tuw(°C) X €1 €

10 576 0.01 0.1 0.56
11 557 0.90 0.91 0.57
12 539 0.90 0.91 0.58
13 523 0.89 0.90 0.59
14 509 0.89 0.90 0.60
15 496 0.88 0.90 0.61
16 484 0.87 0.90 0.62

Further increase in steam turbine inlet pressure of the proposed
energy system to 40 bar decreases the number of system operating
points, table 8. The results obtained show that the values of
effectiveness of the second heat exchanger are smaller than those
obtained in case | but behave in a similar way, they increase with
upper cycle pressure ratio. Also, the system operating range is
exactly similar to that obtained in case | and with same reasoning for
the two ending operating points, table 3.

The results obtained in table 9 show that the system operating range
decreased as the steam turbine inlet pressure increased to 50 bar.
Also, the results obtained show that the number of system operating
points decreased to three operating points for the whole values of
inverse Brayton expansion pressure (0.2-0.6 bar), similar to system

operating range obtained in case | (table 4). The system ending
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operating points are 10:1 and 14:1, similar to those in case | for the

Same reasons.

Table 9: System operating range when (P1o= 50 bar and Ps= 0.2-0.6 bar)

P T (°C) X € &

10 576 0.90 0.91 0.56
11 557 0.89 0.91 0.57
12 539 0.88 0.91 0.58
13 523 0.88 0.90 0.59
14 509 0.87 0.90 0.60

The results in table 10 show that the proposed energy system has one
operating point at upper cycle pressure ratio 11:1, as the values
obtained for the steam turbine inlet temperature, steam dryness
fraction and the effectiveness of the two heat exchangers are in the
recommended range. However, the proposed energy system when
operated at upper cycle pressure ratio 10:1 the value of steam turbine
inlet temperature exceeds the metallurgical limit which may result in
steam turbine failure. Furthermore, the upper cycle pressure ratio
when increased to 12:1 the steam dryness fraction drops below the
recommended value, which may cause corrosion and erosion in the

last stages of steam turbine. Also, the values of effectiveness of the
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second heat exchanger were smaller than those obtained in case | of
equal mass split (table 5), the rest of results were similar.

Table 10: System operating range when (P,= 60 bar and Ps= 0.2-0.6 bar)

Pr T (°C) X €1 €

10 576 0.89 0.91 0.56
11 557 0.88 0.91 0.57
12 539 0.87 0.90 0.58

Case I11: unequal exhaust gases mass split (m;=75% m;& m3=25%
mj)

In this case the proposed energy system is not operational as the
amount of exhaust gases powering the steam Rankine cycle of the
proposed energy system is reduced to 25% of the mass of exhaust
gases leaving the upper expander of Brayton cycle. The amount of
heat energy that contained in the hot gases is not enough to run the
steam Rankine cycle, supplementary firing could be used in this
case. This suggestion requires some modifications to be introduced
on the proposed energy system which is behind the scope of this

study.
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6. Conclusions

The study presented in this paper provided a clear insight into
operational parameters of the proposed thermal energy system
consisting of steam Rankine, Brayton and inverse Brayton cycles. It
showed that the proposed energy system is operational only in the
first two cases of exhaust gases mass split ratios (I and II). The
proposed energy system in case Il is not operational due to
insufficient amount of heat energy contained in the amount of hot
gases that powering the steam Rankine cycle. It indicated also that
the proposed energy system in both operational cases (I and 1) has
only one operating point at 11:1 when the value of the steam turbine
inlet pressure 60 bar, for all the chosen values of expansion pressure
of inverse Brayton cycle. It revealed that the operating range of the
proposed energy system in both operational cases (I and 1) realized
maximum expansion at steam turbine inlet pressure 30 and 20 bar,
respectively. In future the proposed energy system (in case IlI)
should be further developed by introducing supplementary firing into

the heat recovery steam generator of the proposed energy system.
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COMPARATIVE STUDY OF THE PERFORMANCE
OF CRYO-TREATED AND NANO-COATED
DRILLS IN DRY DRILLING

1- A. P. Tarik M. O.Yerro?*, 2- PRO.Sehjpal SinghKhngura
3- A. P. Jasmaninder SinghGrewal

8 tarikyerro@yahoo.com

1- Abstract

The major needs in drilling process are long life of the tool (high wear
resistance), good surface finish and dimensional accuracy of the hole. The
drilling operation will be safe and economical if these parameters are
optimum for a given material of work piece and tool. In the present work,
high speed steel drill (HSS) has been provided two treatments i.e.
cryogenic and coatings. Full factorial design is adopted to carryout the
experimental work. Three input parameters (type of drill, spindle speed and
number of holes) were selected and varied at three levels. Fifty four drills
were used, some of them were shallow cryo-treated, some were coated
with TiAIN and the rest were ordinary drills. The performance of ordinary,
cryo-treated and nano-coated drills has been evaluated and compared in
terms of surface finish, tool wear and dimensional accuracy. The nano-
coated drills have shown best result regarding tool life, surface finish and

dimensional accuracy, at all different inputs.

Key words: Tool wear, Surface finish, Surface coating, Cryogenic treatment.
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2- Introduction

Today's manufacturing sector necessitates a never-ending demand
for high productivity. The life of cutting tools plays a major role in
increasing productivity. The longer the time a cutting edge can be
used, the higher is the efficiency of the tool, or in other words, the
better is its performance. However, while the wear of the cutting
edge gradually increases, the precision and the quality of the surface
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finish of the work piece decreases. Sooner or later, the tool has to be
changed or re-grinded so it means to interrupt the machining process,
which costs time and therefore money. The metal working industry
demands not only a long tool life, but it is trying to pushthe limits of
the tools still further, as higher and higher cutting speeds are
required possibly even without lubrication and cooling liquids,
which produces even more severe cutting conditions and cuts the
production cost down. The tools have to withstand high temperature
and stress during machining, which can be obtained by giving the
tool extra treatment to enhance its wear resistance, therefore its life.
The extra treatment can be coating the tool with some substrate or by
altering the microstructure of the tool material through cryogenic
treatment.

Previous studies showed that the cryogenic treatment improve
tools life[1]. Cryogenic treatment profoundly improved the wear
resistance of M2 HSS drills in the configuration of high-speed dry
drilling of steels[?].

Further work by Babu et al, on cryogenic treatment of different

steels showed that, the wear resistant improvement varied from
315% to 382% depending on the tool material[*].

The coated tool gives better result compared to the uncoated tool,
at high cutting speed, coating material plays as a thermal barrier and
limits the diffusion process[*]. It was observed that, the use of drills
having a coating with a high hot-hardness, such as TiAIN, achieved a
satisfactory tool life[’].The TiAIN-multilayer coated drills have the
least average flank wear and the longest tool life, The reason may be
explained by the TiAIN-multilayer coated drilling cutter has a higher
anti-oxidation temperature, high oxidation resistance and lower
thermal conductivity[®]. At higher cutting speed, the TiAIN-coated
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cobalt high speed steel twist drills showed the same moderate tool
wear after drilling 150 boreholes as when they were used with the
conventional cutting speed[’]. Similar work by Sharif &Rahim[®] on
TiAIN-coated-drill showed that, it is significantly outperformed
uncoated-drill in terms of tool life and surface finish[8].

3- Methodology

In the present study the mild steel plate (SAE 1522), with 20 mm
thickness was used as the work material. The chemical composition
of the plate is shown in table (1). Three types of twist drill bits were
selected in this study, which they are HSS drill bits, shallow Cryo-
treated drill bits and Nano-coated drill bits (TiAIN coatings), the
properties of TiAIN are shown in table (2).

Tablel: Chemical composition of mild steel plate samples

Element C Si Mn S P

Percentage | 0.18 | 0.26 | 1.18 | 0.013 0.008

Table2: Mechanical Properties of Nano-coating - TiAIN for drill bits.

. Micro- . Residual Maximum Coating . .
Coating Coefficient i . Coating Coating
. hardness . compressive service temp
material of friction color structure
HV 0.05 stress (GPa) temperature c°
. Nano-
) 0.30 - violet-
TiAIN 3,300 -2.0 900 C° <500 structu
0.35 grey
red
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The experimental work was designed to evaluate three main
factors which affecting drilling bit life; cutting speed, type of drill
and number of holes.

Drillings were made on a radial drilling machine. Fifty four trials
were performed as per full factorial design matrix. The run order
was randomized and the experiment was done according to those
values. All the drills were examined for flank wear at cutting edges
using universal measuring microscope. Surface roughness was
measured by surface roughness tester and hole dimensional accuracy
was examined with coordinate measuring machine.

Dimensional accuracy of drilled holes which is the deference
between hole diameter and drill bit diameter (Ad= D — d) is
measured and related to type of drill, spindle speed and number of
holes drilled.

4- Results and Discussion

4-1- Analysis for Flank Wear

The effect of spindle speed on flank wear of HSS, cryo-
treated and Nano-coated drills is shown in fig 1, the plate thickness
iIs 20mm, feed rate used is 76.2 mm/min to drill 20 dray drilling
holes. From fig. 1 it is clear that the spindle speed has great influence
on flank wear of cutting edges of the drill bit. As the spindle speed
increases the flank wear also increases. At high speed (1120 rpm)
ordinary HSS and cryo-treated drills showed excessive wear and
sometimes catastrophic failure of the drills occurred in the form of
plastic deformation (softening) of cutting edges due to excessive
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temperature generated at high speed because of eliminating the
coolant during machining, this plastic deformation made chips
welded to the drill bit itself as shown in Fig 2.

Flank Wear
{ e

spindle spead (RPM)

Type of drill

Fig.1. Effect of spindle speed on flank wear of HSS, cryo-treated and

Nano-coated drills.

Fig.2. chips welded on cutting edges.

Treating of drill bit with nano-coating or shallow cryo-treatment
has shown improvement of flank wear resistance. In the case of
cryo-treated drills significant improvement of drills life has been

seen at low spindle speed (560 rpm). In the case of nano-coated the
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drills life were greatly improved for all speeds (560, 710 & 1120
rpm). Nano-coating has great resistance to wear at any temperature.
From results shown in figure 1.

It was concluded that, the drill bit life at high speed (1120 rpm)
was increased by 20% in case of shallow cryo-treated drills and
78 % in the case of nano-coated drills, compare to ordinary HSS
drills. Both of them have increased surface hardness, and hence flank
wear, However, nano- coating has remarkable effect in reducing the
bit wear.

Figure 3 shows the effect of type of drill and number of hole on
flank wear at spindle speed of 560 RPM. For all drills, the number of
holes signifies machining time.

Hence, the flank wear increases with time. However, the
increasing of flank wear is not uniform but non linear; it is clear that,
the flank wear passes through three stages, which are rapid initial
wear, steady state and failure state. According to fig .3 the ordinary
HSS drills at 20 to 30 holes shows a flank wear is laying in the
second stage which is steady state, and at 40 holes flank wear is in
final failure region.

Flank Wear
{mm}

Fig.3. effect of type of drill and number of holes on flank wear at feed rate
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of 76.2 mm/min and spindle speed 560 RPM.

Evaluating the effect of the spindle speed and number of holes on

flank wear of HSS drills is shown in Fig. 4.
It is clear that the flank wear increases with increasing of speed

and number of holes.

Flank Wear
{ i

. )

Fig.4 Effect of spindle speed and number of holes on flank wear of HSS at

feed rate of 76.2 mm/min.

4-2- Analysis For Surface Roughness

Figures 5 and 6 show the effect of type of drill, spindle speed and
number of holes on surface roughness. It is clear that surface
roughness is greatly affected by cutting speed and machining time
(which is in the form of holes in the present work). As the spindle

speed increases roughness becomes worse because of formation of
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BUE at cutting edges of drill or abrasion wear due to increase in
temperature. However, Nano-coated drills has shown best surface
finish of drilled holes at different speeds. Shallow Cryo-treated also
shows good surface finish compare to ordinary HSS drills. With no
cooling fluid, generated temperature has great influence on surface
roughness, due to plastic deformation and wear of the metal surface.

Surface Reughneas
{um }

Tj'p! off Dwill
Fig.5. Effect of type of drill and spindle speed on surface roughness of 20
holes each drilled at 76.2 mm/min feed rate.

Surface Roughness
(Hin )
i

Type of Drill

Fig.6. Effect of type of drill and number of holes on surface roughness of
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drills working at 560 RPM and 76.2 mm/min.

Detailed study of high speed steel drill bit, with variation of
cutting speed and number of holes in relation with surface roughness
indicates that, as number of holes increases (cutting time) and
spindle speed rises, the surface roughness becomes wares, as shown

in figure 7.

Surface Roughness
{pm)

Spinde Speed | RPM |

Fig.7. Effect of spindle speed and number of holes on surface roughness

when drilling with HSS at 76.2 mm/min feed rate.

4-3- Analysis For Dimensional Accuracy

From figs. 8, 9 and 10, it is clear that spindle speed has great
influence on dimensional accuracy of the hole (Ad.i.e Ad=D —d .i.e
D diameter of hole, d diameter of drill ). Nano- coated drills has
shown best dimensional accuracy of the hole, which was not much

affected by speed and machining time. Therefore it can be stated that
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nano-coated drill can be used for full range of speed and for longer

time without appreciable loss of efficiency.

Spinde Spetd | RPN

Crpetmades

Type of Dell

Fig.8. Effect of type of drill and spindle speed On dimensional accuracy
for 20 holes each type at 76.2 mm/min feed rate.

Add [mim )

e oif Hidles:

Corye-mcptied

Type of Dirill

Fig.9. Effect of type of drill and number of on dimensional accuracy at
speed rate of 560 RPM and feed rate of 76.2 mm/min.
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110 |
E
E
L |
0T
ol
Mo of Holes m

Spindle Spead (RPM )

Fig.10. effect of spindle speed and number of holes on dimensional

accuracy of HSS at 76.2 mm/min feed rate.

5-Conclusion

1. Irrespective of drill type, flank wear increases with increasing of
spindle speed andmachining time.Nano- coated drill has shown
best resistance to flank wear at low and high speeds.

2. Results of this work indicate that, for all types of drillsthe Surface
roughness increases when spindle speed increased, and hence

more wear of drill bit.
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3. Nano-coated drills showed great performance (low flank wear,
good surface finish and high dimensional accuracy) at all
combinations of speed rate and machining time.

4. Shallow Cryo-treated drills at low speed givesbetter dimensional
accuracy for limited machining time. Continued use of drill

causes deterioration of dimensional accuracy.
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Abstract

The vast increase in the utilization of electrical energy has led to a
widespread of high-voltage lines. In some cases these lines have
been installed close to the residential areas. Ministries and
companies of Energy try to underestimate and sometimes deny any
negative impacts due to the deployment of these transmission lines.
This paper presents the findings of studies and international research
that, in general, confirm the direct relationship between exposure to
Electromagnetic Fields (EMFs) produced by high-voltage lines and
the risks of some disease. Also, some recommendations that would
minimize the negative effects of Electromagnetic Fields on people's
health have been proposed in this paper.

Keywords: Electromagnetic fields, High-voltage lines, Health effects

1. INTRODUCTION

The rapid growth in population has negatively affected the
environment and has led to emergence of many problems. The
pollution is one of the severe problems that threatens the future of
life on earth. The pollution has reached high levels because of the
industrial revolution and the scientific renaissance currently
experienced in the world, and has almost affected everything in the
environment, including food, water and air. Perhaps one of the most
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dangerous types of pollution, which has been given a significant
concern in recent years, is the so-called electro-magnetic pollution
resulted from electromagnetic waves. There is a public concern on
the possible health effects from electromagnetic fields radiated from
power lines. Despite the great power of electricity [1] and its positive
impact in countless ways, the risk of exposure to a mixture of
electric and magnetic fields has been discovered.

In this paper, some results of studies and research which, in
general, confirm the adverse effects of EMFs on human's health are
presented. Various recommendations to lower these risks are
proposed. The paper is organized as follows: Section Il gives a brief
introduction to electromagnetic radiation and International standards.
Section 11l demonstrates the health risks of EMFs emitted from high-
voltage lines. Some advantages of underground power lines
compared to overhead lines are introduced in section IV. Section V
highlights some actions taken by authorities and governments to
protect citizens from EMFs exposure. Recommendations to reduce
the impacts of EMFs are proposed in section VI, and section VII
concludes the paper.

2. ELECTROMAGNETIC RADIATION AND
NTERNATIONAL STANDARDS
Electromagnetic fields are areas of unseen energy that are
generated from home appliances, and high-voltage lines [2] due to
the existence and movement of electric charges. EMFs are
categorized by frequency into three groups:
1) Extremely Low Frequency Electromagnetic Fields (ELF-EMFs)
with frequencies up to 300 Hz, are mainly generated from high-
voltage lines and power stations.
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2) Radio Frequency (RF-EMFs) have frequencies of 10 MHz to 300
GHz produced by wireless networks.

3) Intermediate Frequency (IF-EMFs) generated by other
technologies within frequency range 300 Hz - 10 MHz.

This paper will focus on the harmful effects resulted from (ELF-
EMFs). Moreover, the electromagnetic spectrum is divided into two
types of frequencies :

1) Non-lonizing Radiation, includes extremely low frequencies
(ELF), radio frequencies (RF), microwaves (LW), visible light
(VL), and Ultraviolet (UV).

2) lonizing Radiation, includes X-rays, and gamma rays.

Many national and International organizations have introduced
standards to limit the radiation from an appliance and to set the
levels of safety with respect to human exposure to ELF-EMFs. For
example, International commission on Non-lonizing Radiation
Protection (ICNIRP) has proposed a guidance for exposure limit to
EMFs of 50-60 Hz from high-voltage lines as shown in Table (1)
[3]. Furthermore, there are maximum exposure levels at home and
in the environment associated with the International standards.
Table (2) gives some common EMF sources and the maximum
levels below which human body is allowed to expose.

Table 1. ICNIRP's LIMITATIONS OF EMF EXPOSURE

Electric field Magnetic  field

Exposure type
posure yp (V/m) (uT)
Public Exposure 5000 1000
Occupational 10000 5000
Exposure
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Table 2. TYPICAL MAXIMUM EXPOSURE LEVELS [3]

Electric  field 1o gnetic field (uT)

Source (V/m)

Natural fields 200 70
Mains power (in homes not10g 0.2
close to power lines)

Mains power (beneath large10 000 20
power lines)

Electric trains and trams 300 50
TV and computer screens (at10 0.7

operator position)

3. HEALTH EFFECTS OF ELECTROMAGNETIC
FIELDS FROM POWER LINES
Many studies have been conducted in recent years to investigate
the adverse effects of the electro-magnetic pollution radiated from
power lines. The published studies are classified into three
categories according to the findings:

1) Research whose results are insufficient and have not discovered
an obvious association between human's health and
electromagnetic fields, but do not deny the risks and are required
to conduct more research.

2) Studies whose results are weak and are required to conduct new
studies at different levels of radiation and at different conditions to
obtain more accurate results, and,
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3) Studies were conducted on animals and humans and have
revealed evidence that supports the association between
electromagnetic fields and various epidemic disease.

In the following paragraphs a review of the findings of some
recently published studies that confirm the health effects
associated with exposure to electromagnetic fields generated from
high-voltage lines will be provided.

Biological effects due to EMFs from power lines have been
discovered in studies that were carried out on animals by Chalmers
and Voorvaart [4]. This is true for humans according to the National
Academy of Science [5] who stated that ELF-EMFs could change
the characteristics of cell membranes, and also affect the growth of
cell melatonin excretion. In fact, the health effects of
electromagnetic fields from power lines depend on certain criteria
such as exposure duration, strength of signal and distance from
radiation source. The epidemiological records, for example,
suggested that heavy long-term exposure to ELF-EMFs may increase
the risk of leukemia. In addition, an occupational exposure study in
Canada and France [6] observed that exposure to ELF-EMFs in
some workplaces such as power stations may also increase the risk
of leukemia and brain cancer, as the employees working in the
electricity production sector are reported to be exposed to a greater
amount of electromagnetic fields than any other workers. Draper et
al. [7] investigated the relationship between distance from power
lines and childhood cancer in England and Wales. The findings
detected a higher risk of developing leukemia in children who live
near to power lines. The data shows that about five cases in each 400
childhood leukemia patients are due to these high-voltage lines.
Moreover, the report of Biolnitiative Working Group [8] brought the
results of a study which reveals that a child who spent his pre-school
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years within 300 meters from power lines has a 500 percent higher
risk of developing some types of cancer in his lifetime. Negative
effects of electromagnetic fields on pregnant women should also be
considered. For example, medical data shows that the women who
are long-term exposed to electromagnetic fields during pregnancy
have a high risk of miscarriage or even having a child with defects

9.

Although findings of the studies, that have been carried out over
the last few decades have not demonstrated DNA damage associated
with ELF-EMFs, recent studies, however, elucidated this
relationship. In Turkey, for instance, with research conducted by
Celikler et al. [10] on workers in a power station, the outcome
identified that considerable cytogenetic damage was induced in
peripheral lymphocytes due to occupational exposure to ELF-EMFs.
Additionally, Balamuralikrishnan et al. [11] concluded that the risk
of genetic damage may be increased among electricians. A
noticeable increase in DNA damage due to exposure to certain levels
of ELF-EMFs, particularly DNA of body's fibroblasts, has also been
discovered in [12].

4. UNDERGROUNDING TRANSMISSION LINES

Electromagnetic environment consists of an electric field and a
magnetic field. The electric field is created by the presence of an
electric charge. In contrast, a magnetic field is created by the motion
of electric charges. Typically, this motion is represented by a flow of
charge in the form of an electric current [13]. In fact, we can reduce
the electric field by shielding, but it is technically difficult and
therefore very expensive to shield the magnetic field. However, the
magnetic fields could be reduced by burying underground the power
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cables, where the conductors are placed closer to each other than
with aboveground cables, rather than through shielding by the earth
[14]. Additionally, no electric field above the ground is produced by
a buried line, mainly because underground lines practically always
include a metal sheath which screens the electric field, and partly
because of the screening effect of the ground itself.

This draws several advantages to belowground lines. The main
advantage is that the exposure to the EMFs is lowered significantly.
Consequently, effects of EMFs on health would be greatly
minimized compared to aboveground cables. This is a major factor
in favour of belowground line. Reduction of safety impacts during
installation is an another advantage of underground cables relative to
overhead cables, as risks to the public from structures of towers and
aboveground lines would be reduced. Furthermore, shock hazards
from ground faults and downed conductors would be considerably
reduced [15]. By contrast, there are some negative environmental
impacts of belowground high-voltage lines. Some buried lines'
disadvantages are presented in [15] and [16].

In general, impacts associated with the presence of aboveground
lines, particularly health effects, would be significantly reduced by
undergrounding the transmission lines. Such advantages favour the
use of underground transmission lines in urban and residential areas.

5. SOME ACTIONS TAKEN BY AUTHORITIES AND
GOVERNMENTS TO PROTECT CITIZENS
For many years research into possible effects of EMFs on health
has been carried out in government, academic and industrial
laboratories all over the world, especially in the developed countries,
and such research is still ongoing. A large number of these countries
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have contributed to major research projects on many aspects of
EMFs. Major research projects are ongoing in the United States,
Canada, EU, Russia, Switzerland, Australia, Japan, China and Korea.

In response to increasing public concern over possible negative
health effects associated with exposure to EMFs, an International
EMF Project was launched by the World Health Organisation
(WHO) in 1996. Promotion and co-ordination of research and
studies related to the possible negative impacts of EMFs on health
and environment is one of the major efforts that have been made by
this projects. Many countries were founder members of the Project,
and a significant financial contribution was provided to the Project
by them. These governments still financially support this Project and
other related projects, and to take part in different committees and
working groups set up by these Projects. [17]

Many other governmental and non-governmental organisations have
responded to the public concern over the adverse health effects of
EMFs. In this context, international and national authorities have
drawn up guidelines and standards to limit the exposure and to avoid
any negative effects on health that might arise from exposure to
EMFs. The International Commission on Non-lonizing Radiation
Protection (ICNIRP), for instance, is a non-governmental
organisation responsible for non-ionising radiation protection for
WHO, the International Labour Office (ILO), and the EU. This
organisation provides scientific advice and references on the
exposure limits of the public to EMFs (see section Il). Governments
and health organisations worldwide have employed the ICNIR
guidelines to protect the people from any negative effects on health
that associated with exposure to EMFs. For example, based on
suspected cancer risks, five Swedish authorities responsible for
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activities related to EMFs have recommended a precautionary
principle mainly aimed at low frequency magnetic fields [17].

Government  policies, together with appropriate planning
regulations, designed to deal with the problem that concern the
public, would help provide the public with the reassurances it
searches. In the U.S, Maryland is one of the states to retain an EMF
program. The Power Plant Research Program (PPRP) continues to
serve as a source for information for Maryland citizens, answering
questions about EMF health effects and exposures. Moreover,
California Public Utilities Commission (CPUC) created the
California Electric and Magnetic Fields Program in 1993. The
program played a prominent role in EMF research and development
and was guided by a Stakeholders Advisory Committee.
Additionally, several states have instituted new policy directives for
addressing EMFs for construction of new transmission and other
electric utility facilities [18].

Practically, some protective measures have been taken by the
responsible agencies and governments, mostly in the developed
countries. However, they do not offer a greater level of protection
and therefore more efficient actions are required. In American
studies, for example, a system of coding the conductors or wire
supplying current for transmission or distribution has been used as a
surrogate for magnetic field exposure, whereas in the UK the
electricity is distributed to the majority of homes via underground
cables as they are less risky than overhead cables. However, such
procedures do not eliminate the exposure to EMFs completely.
According to findings of some studies that have been carried out on
magnetic field exposure associated with transportation, exposure can
be relatively high due to the widespread of overhead lines network
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that operates electrified transport and due to the use of the
transportation, as there is a lack of exposure data for passengers
travelling on electrified transport in the UK and other countries. [6]

In developing countries, on the other hand, since people are usually
less familiar with the health effects of exposure to EMFs, very few
or almost no preventive actions have been taken by the responsible
authorities and governments to protect citizens from exposure to
EMFs. Furthermore, some of these authorities deny the adverse
effects of exposure to EMFs on health. As explained earlier, a main
protective measure is to minimize the EMFs by burying transmission
lines which, consequently, lowers human exposure and the
associated health effects. Because installation of conventional
underground cables is costly and typically involves permitting,
working around traffic and other surface activity, trenching, laying
cable, bringing in thermal sands, and avoiding other underground
utilities, such as water and gas pipelines and telecommunication
cables [15], this makes such a preventive procedure not practical in
developing countries, mainly due to unplanned and random
scattering of buildings and utilities, and the lake of planned and
efficient infrastructure.

6. RECOMMENDATIONS TO REDUCE THE RISKS OF
ELETROMAGNETIC FIELDS
It is important for people to know that our surroundings are
polluted by electro-magnetic pollution and to be aware of the effects
of electromagnetic radiation. These effects cannot be completely
eliminated. However, more action can and should be taken to lower
the risks of electromagnetic fields. In order to avoid the harmful
effects of EMFs, national and international agencies, such as World
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Health Organisation (WHQO) and ICNIRP, have proposed standards
and guidelines to limit the exposure. At the same time, protective
action must be taken to minimize the exposure, and educate people
about the risks of electromagnetic fields and how to reduce them.
Furthermore, information about adverse consequences and safety
issues of EMFs should be provided to the media and the public. A
preventive action would be to place new high-voltage lines and
power stations away from densely populated areas. Steps must also
be taken to decrease exposure from current systems. Also, it would
be useful to put warning signs around the sites that include EMFs
above the guide levels.

Since they are exposed to electromagnetic fields more than any
other groups, electrical workers' health should be examined
periodically, and there should be a push towards using protective
clothing and equipment. Another significant protective measure
would be create protocols to check buildings for elevated levels of
electromagnetic fields prior to accommodation being purchased or
rented. After this, EMF levels could be measured continuously so
that they are within predefined levels. This should also apply to
schools and workplaces. During pregnancy, women should not
expose their embryos to risky levels of EMFs from different sources.
EMF exposure could be minimized at home by avoiding sleeping or
sitting for long periods close to instruments that produce
electromagnetic fields. The studies have demonstrated that children
are more sensitive to electromagnetic fields than adults and not able
to protect themselves from exposure. Therefore, higher protection is
required for them and to be educated on how to protect themselves.

Since the high visibility of overhead power lines has resulted in
most concern being associated with EMFs generated by such lines,
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an important action should be taken by the companies of Electricity
and Ministries of Energy is to switch to belowground transmission
lines to distribute the electricity to the homes and other sectors.

7. CONCLUSION

Electrical systems have greatly benefited people and have
revolutionized the way that we live. At the same time, there are
many hazards involved. This paper has included a study on the
negative health effects of electromagnetic fields and highlighted the
findings of research were conducted by many organizations in
different countries. Most of these studies have confirmed the adverse
impacts of EMFs in short term, whereas other studies have warned
of the risks of exposure to electromagnetic radiation emitted from
high-voltage lines in long term and its risks that may threaten future
generations.

The degree of radiation effects resulted from power lines depends
on various factors, for example:
1) The body is affected proportionally with the duration of
exposure.
2) The effects of radiation vary according to the type of clothes.
3) The impacts of radiation increase as humidity percentage and
temperature increase.
4) The motion of the air surrounding the body may decrease the
effects of radiation, and,
5) The less the person's age, the higher levels the body absorption of
radiation.

It is true that heavy long-term exposure to EMFs may adversely
affect humans' health. However, people cannot remove themselves
completely from this exposure. This means that in order for
individuals, governments and the concerned organizations to lower
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the exposure to EMFs, they should take preventive measures to
protect the community.
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Abstract :

The aim of this paper was first, to gain an understanding of
maintenance managements & maintenance outsourcing, including
the identification, the challenges of maintenance improvement
factors and the reasons of outsourcing. This information was used to
identify the critical performance measures that could be used to
analyze the effectiveness of maintenance activities for pumps which
considered as the backbone of Hassuna System in Man Made River
Authority in period from 2007 - 2012 .

The key performance measures that were identified to evaluate and
compare the effectiveness of maintenance outsourcing and
insourcing were the maintenance costs, and MTTR.

The survey study approved that the maintenance outsourcing did

improve the pumps performance, and there has been a high
maintenance costs comparing with insourcing maintenance.

Keywords: Maintenance, Outsourcing, Performance Measures, Costs.

1. Introduction:

Maintenance Management is an orderly and systematic approach to
planning, organizing, monitoring and evaluating maintenance
activities and their costs. A good maintenance management system
are coupled with capable people to maintain sophisticated pumps
systems, the optimum level of inventory of maintenance parts,
materials, and consumables, specialist maintenance engineering for
support and an appropriate organization arrangements.[1].
Maintenance requirements continuously change due to wear and
tear,  technological  developments, changing  operational
requirements, product quality and a host of other related topics. As
organizations today strive to achieve minimum operating costs and
lean operations in terms of manpower, the maintenance activity has
become a target for outsourcing.[2]
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2. Maintenance:

Maintenance is an important activity for all types of assets and
pumps. Without proper and organised maintenance, an
pump/machine will experience damages in a short period of time.
This situation will reduce the life time of that particular
pump/machine. Damages or disfigurements within an pump/machine
must be repaired as soon as possible to prevent further damages to
happen.

Maintenance management involve a complex and dynamic process
required to implement maintenance practice that improve the
operations performance. The key objective of maintenance
management is to maximize the availability and reliability of the
assets and pumps to produce the desired quantity of products, within
the required quality specifications, in a timely manner. Obviously,
this objective must be attained in a cost-effective way and in
accordance with environmental and safety regulations [4].

2.1. The Challenges of Maintenance Improvement:

If the failure patterns and consequences are well understood, there
will always be challenges in maintenance improvement. The
effective maintenance is the one that can bring effective
improvement in the way maintenance is performed. The challenges
to the maintenance improvement are as follows [5]:
1- People: The ability of the utility to perform maintenance at low
costs lies on the available skilled maintenance people. Finding,
training and retaining the skilled maintenance people is one of the
top challenges facing maintenance organizations.
2- Maintenance Leadership: Effective maintenance organizations
needs leadership that is able to create an environment of change.
3- Tools and Technology: Maintenance today is far more
technology based than it is a repair activity with need for greater
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emphasis on predicting and forecasting maintenance needs. Now
there is a great need to measure maintenance if improvement is
required.
4- Processes: In maintenance, 85% of problems are process related
and 15% are people related.
5- Costs: Maintenance must be able to demonstrate a measurable
return on investment, and must be able to justify its existence
through reduction of machine downtime and reduced overtime.
Maintenance excellence is the balance of performance risk and cost
to achieve optimal solu2.2. Maintenance Measured, Pumps
performance measures :
Maintenance performance measured is an essential step to effect
improvement in the maintenance planning, organizing and control.

The evaluation of maintenance performance can be made through
following factors:

1. Reliability.

2. Maintainability.

3. MTTR/Mean Time to Repair

4. MWT/Mean Waiting Time

5. Cost of Maintenance

2.2.1 Reliability :

Reliability is the ability of an item to perform a required function
under stated conditions for stated period of time. A primary
component of reliability analysis is referred to as failure rate, or the
number of failures expected during a certain period of time.
Calculation of pumps failure rate and its inverse —The Mean Time
Between Failures (MTBF) for items which are repairable or Mean
Time to Failures (MTTF) for non-repairable items is the basic of
reliability predication. [1][6].
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Number of Failures

Failure rate = —
Operating Time

1)

The Mean Time Between Failures (MTBF) is the expected time
between two successive failures of the system .

The Mean Time to Failures (MTTF) is the expected time to failure of
a non repairable system.

2.2.2 Maintainability :

Maintainability is a design parameter intended to reduce repair time,
as opposed to maintenance, which is the act of repairing or servicing
an item or pumps.

It can be defines also as the measure of ability to make pumps
available after it has failed, or mean time to repair (MTTR). It is
determine by:

Total downtime due to failures (2)

MTTR =

Number of Failures

The Mean Time to Repair (MTTR) is the expected time to recover a
system from a failure. This may include the time it takes to diagnose
the problem, the time it takes to get a repair technician onsite, and
the time it takes to physically repair the system. Similar to MTBF,
MTTR is represented in units of hours [6].

2.2.3 Maintenance Cost Analysis:

In order to any organization to be successfully compete today, the
availability and reliability must be maintained at desired levels while
operating and maintaining costs must be kept as low as is reasonably
achievable , the operating costs consist of operating and maintenance
(O&M) costs. The simplified graph below shows the theory behind
this concept. [7].
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Total costs

2

/I\/laintenance costs
Optimum point— et
/ Cost of breakdowns

Maintenance frequency
Figure 1: Maintenance Cost Analysis

Costs

2.3. Costs Performance Measures:

Maintenance management is a business process, the maintenance
costs are inputs into the process, and that means they can influence
the outputs. Maintenance costs accrue in the following categories

[7],

Labor costs.

Materials including all parts, components, and others used by
maintenance.

Services covers all workshops, stores warehousing,
engineering and any other facilities supporting maintenance.
Outside services covers all contracted services (maintenance,
training and consultants).

Technical support including supervision, planning, material
coordination and data entry.

Overhead covers all other support functions that are not
directly involved with maintenance but provide that is vital in
maintenance business.

2.4. Maintenance Options:
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To meet the maintenance requirements, the company can consider
two specific options. The company can outsource the maintenance
activities to the external provider (outsourcing) or choose to keep the
capability in-house (insourcing) [4].

3. Outsourcing:

Outsourcing is an age old management practice of adding specialized
expertise where needed to help management run or improve an
organization.

Outsourcing now has many dimensions to fit the globalized world
we live in. Terms like ‘offshoring,” ‘insourcing’ and ‘shared
services’ are becoming part of a global business lexicon that defines
the multitude of options a company has to improve its operations[3].

3.1. The Reasons of Outsourcing:

The organization will be more likely to outsource a function if there
are multiple reasons [8]:

e New skills: In a fast evolving market where new technologies
are emerging, knowledge and skills of individuals are very
limited. Not every company is able to attract the knowledge and
skill base. The company can solve this problem by handing over
the function to the outsourcing supplier.

» Better Management: When the poor maintenance performance
is attributed to poor management, outsourcing the maintenance
function for experience managers.

e Enhance Controls: Where the company management is
concerned about its ability to provide sufficient control over its
operations, some functions can be outsource.

e Focus on Strategy: By outsourcing company managers can
focus on strategy.
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e Focus on Core Functions: The Company can choose to focus
their energies on core functions and distributes all other
functions through outsourcing.

3.3. The size of relevant outsourcing markets:

It is important to have a sense of the current size of various markets
for outsourcing of technology-related services, their current rates of
growth, and available estimates for their expected future levels.
Although estimates are often apparently contradictory, because
different assumptions have been made about which activities are
outsourced, or about which outsourced activities should be
considered in the category of information technology.[3]

3.4. Outscoring from Libya Market Perspectives:

Outsourcing has become a growing business practice both
internationally as well as in Libya. The research suggests that Libya
IS moving in the same direction as the rest of the world, toward
greater use of flexible workers such as contract temporal and casual
workers. This is collaborated by a number of small scale surveys that
have identified an expansion of outsourcing, subcontracting and
other form of typical work[9].

Outsourcing maintenance very much depends on the sector. There is
huge demand and it will become a growing market, but till now
preventative maintenance with own budgets only in energy, oil and
important water sectors.

In most cases companies consider only budget for necessary spare
parts but not for service works, Local service still done by own
service departments.

Many companies got own service workshops with personal and try
to keep the job at their own. That’s even due to mostly governmental
owned companies, only in very important cases company order
service through outsourcing [9].
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4. Pumps Maintenance Performance Measurement:

Pumping machinery and pumping station are very important
components in different applications. Pumping machinery is
subjected to wear, tear, erosion and corrosion due to their nature of
functioning and therefore is vulnerable for failures. Generally the
number of failures or interruptions are attributed to pumping
machinery than any other component. Therefore, correct operation
and timely maintenance and upkeep of pumping stations and
pumping machinery are of vital importance. Sudden failures can be
avoided by timely inspection, follow up actions on observations of
inspection and planned periodical maintenance.

Downtime can be reduced by maintaining inventory of fast moving
spare parts. Efficiency of pumping machinery reduces due to normal
wear and tear. Timely action for restoration of efficiency can keep
energy bill within reasonable optimum limit.[10].

4.1. An Analysis of Pumps Performance & Maintenance cost:

This research used the 5 years maintenance performance data from
questionnaire designed for this purpose for pumps. The main aim of
the research was to analyze and compare the pumps performance in
Hassuna System during outsourcing from 2007 to 2010 & insourcing
from 2011 to 2012.[11]

The key objective of maintenance activities is to maximize the
maintainability and reliability of the pumps, within the required
quality specifications, in a timely manner. Obviously, this objective
must be attained in a cost-effective way and in accordance with
environmental and safety regulations [1].

The overall success of pumps maintainability requires knowledge of
pumps performance and conditions, training, focus on right goals,
teamwork, communication and leadership. [1].

The maintainability study or analysis normally uses quantitative data
drown from the questionnaire, therefore the choice of research
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variables for quantitative research was pump maintainability and
maintenance costs.[6]

The maintenance performance analysis only focused on the pumps,
The reasons for this choice were that pumps are considered as the
bottleneck of the system and the most expensive pumps, and they
contributes the highest in maintenance costs.

4.2. Pumps performance analysis:
The breakdown of the pumps failures from 2007 to 2012 is shown in
Figure 2:

30
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Figure 2 : Number of Failures
4.3. Maintainability Analysis of Pumps:
Maintainability provides a measure of the reparability of a system

when it fails. The Mean Time to Repair (MTTR) is the expected time
to recover a system from a failure.
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The total outage time for all the pumps incidents divided by the
failures is the Mean Time To Repair of pumps[6]. The Mean Time
To Repair (MTTR) trend of pumps from 2007 to 2012 in Hassuna
System is shown in Figure 3.
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Figure 3 : Mean Time To Repair (hours)

4.4. Maintenance Cost Analysis:

The Maintenance Cost Analysis of pumps from 2007 to 2012 in
Hassuna System is shown in Figure 4.
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Figure 4 : Maintenance Cost Analysis (LYD)

There was a significant drop of the maintenance budget in 2011 to
2012. The budget was above 3 million from 2007 to 2010, and it
dropped below 2.5 million LYD in 2011 to 2012.

The Actual Maintenance Cost Analysis of pumps from 2007 to 2012
in Hassuna System is shown in Figure 5.
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Figure 5 : Actual Maintenance Cost Analysis - (LYD)

5. Results Discussion:
5.1. Results Discussion of Pumps Performance Analysis:

The breakdown maintenance from 2007 to 2010 was done by
combination of outsourcing & insourcing staff; & the breakdown
maintenance from 2011 to 2012 was done by insourcing staff only.

The pumps analysis during 2007 -2012 period showed total number

of 110 failures. The failure rate was constant in the first 4 years
(2007-2010) with an average of 15 failures per year. Then there was
a failure rate increase in the next 2 years (2011-2012), that can occur
from different factors ; missing of spare parts from stock due to the
revaluation in Libya in 2011, shortage of budget due to the bad
economy in Libya in 2011-2102 that effect of cut the costs of
outsourcing activities like supply spare parts & emergency services,
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also the capability of handling the maintenance activities by in-house
staff only and poor maintenance strategies to measure the
maintenance performance of in-house maintenance.

The role of maintenance intervention is to reduce failures, but in
addition the successful maintenance should reduce the pumps
downtime. The recovery of operation after the failures is very
essential in maintenance management. The minimum Mean Time To
Repair (MTTR) of pumps in the first 4 years (2007-2010) was 82.5
hours (3.43 days), and the maximum MTTR was 260 hours (10.83
days).

These figures indicate that the average pumps incident was taking a
minimum of 68 hours to 260 hours to be repaired. The MTTR
greater than 150 hours was recorded in 2011 and 2012. During these
incidents the maintenance staff were taking an average of more than
4 days to repair the pump. The average MTTR during 2007-2010
period was 82.5 hours, and during 2011-2012 period the average
MTTR increase to 222 hours.

The recovery time or Mean Time To Repair (MTTR) has two
components, namely: response time and repair time. The response
time component depends on the location of the maintenance staff
relative to the work site .

The repair time depends on the knowledge of the maintenance
personnel, type of failure and availability of spares. The competent
maintenance personnel will take shorter time to do the fault finding
and conduct the repairs.

There are failures that can take a very long time to be addressed, but
these failures can be eliminated with pumps modification or
replacement if they are critical to the operations.

The training of maintenance staff to the right competency level takes
time. The success of maintenance insourcing depended on good
training and development plans. In general the pumps suppliers
understand their pumps Dbetter, therefore The combination
maintenance of outsourcing & insourcing definitely improved the
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maintainability of pumps, and partnering with suppliers in providing
relevant training will normally bring better results.

The pumps performance clearly shows that the maintenance
outsourcing did improve the maintenance performance.

5.2. Result Discussion of Maintenance Cost Analysis:

There was a significant drop of the maintenance budget in 2011 to
2012. The budget was above 3 million LYD from 2007 to 2010, and
it dropped below 2.5 million LYD in 2011 to 2012. The maintenance
budget started shrinking after starting the only in-house pumps
maintenance in 2011.

In 2011 & 2012, 100% of the pumps maintenance was done in-
house. The reduce costs of outsourcing activities like supply spare
parts & emergency services. All these affect the pump performance
and in-house maintenance, and increase failure rate & the recovery
time or Mean Time To Repair (MTTR).

6. Recommendation:

1. An effective management of maintenance system is needed
for the planning of the maintenance works. According to the
maintenance experts what is not measure it cannot be
improved, the organizations and/or companies should
implement a system to measure the maintenance
performance.

Also, the maintenance team will always require training
intervention
to improve the skills and to meet the demands of the new
technology.

2. The implementation of outsourcing is very effective because
it specialize
in one activity only. Special services are needed periodically
to provide unique or supplementary maintenance support.
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3. Companies do not generally know the full financial effects of
outsourcing. This, however, becomes increasingly important
as the outsourcing trend Companies. Life cycle costing is a
tool that can be used when the outsourcing decision is being
made.

4. Finally, while these are some of the major considerations for
organisations considering outsourcing maintenance, there are
many others that cannot be covered in this research due to
restrictions in time and space.

The decision to outsource the maintenance is not one that
should be taken lightly, and careful consideration of all major
Issues is vital.

7. Conclusion:

The objective of this paper was to identify the maintenance key
performance indicators (KPI’s) and use these KPI’s to evaluate the
challenges and success of maintenance outsourcing and insourcing in
Hassuna System pumps between 2007 and 2012.

The key performance measures that were identified to evaluate and
compare the effectiveness of maintenance outsourcing and
insourcing were the maintenance costs, and MTTR.

The results from the research revealed that the pumps performance
during the outsourcing period (2007-2010) was almost constant, and
averaging at 15 failures per year. The failures increase to an average
of 222 failures per year during the insourcing period (2011-2012).
The pumps Mean Time To Repair (MTTR) or recovery time also
increase by 68% during insourcing period (2011-2012) , and there
has been a significant reduction in maintenance costs since the
insourcing.

The effective maintenance (whether outsourced or insourced) should
improved the maintainability of pumps.

8. Aknwolgment:
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Appendix A :

Pumps Performance:

Year Total downtime Total downtime from
from pumps pumps performance
Number of | performance failures / hours (*) =
failures (*) | failures / week (*) =
2007 15 7.6 1275
2008 16 8.6 1440
2009 13 5.3 884
2010 14 7.3 1218
2011 24 26.3 4416
2012 28 43.3 7280

(*) The data are collected from failures reports to the pumps
manufacture company, and interview with maintenance team at
Hassuna System.
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Appendix B : Calculation Examples

Maintainability Calculation :

Total downtime from failures
MTTR =

Number of Failures
using 2007 pumps performance information :

e The total downtime from pumps performance failures = 1275

hours
1275 h .
e MTTR = =22 — 85 hour/failure
15 failures
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