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Abstract

In this paper, practical experiments were carried out on
samples of various types of carbon steel, low C25, medium C45,
and high U10, which is considered as an important engineering
material . After verification of the chemical composition of the test
samples and that they conform to the international standard( Gost
specifications) , pre-treatment samples were subjected to
microscopy, hardness and impact tests with calibrated equipment.
The samples were subjected to heat treatment by exposing them to
different temperatures and time; according to the type of carbon
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steel. The samples were then cooled using different media (air,
water, oil) to verify the effect of these cooling media on the
microscopic structure as well as the mechanical properties. The
results showed that the cooling media play an effective role in
influencing the microstructure as they cause changes of carbon
steel phases as well as mechanical properties. It was found that the
maximum hardness was 64.33 HRC in high carbon steel using
water cooling media while the maximum impact energy was 380
Joule in low carbon steel using air cooling media. The study also
shows that the reverse relationship between hardness and impact
energy is stronger using water cooling media then air cooling
media. Such a study is useful in determining the type of steel and
cooling medium suitable for use in different applications in
practical life. This paper presents recommendations, one of it is
testing other new coolants to study their impact on the properties
of carbon steel and other types of steel for improved mechanical
properties and better results.
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Abstract

Concrete is by far one of the most important building materials and
its consumption is increasing in all countries and regions around
the globe. The reasons are many such as: its components are
available everywhere and relatively inexpensive, its production
may be relatively simple, and its application covers large variety of
building and civil infrastructure works .In addition, it has the
lowest cost to strength ratio compared to other available materials.
One of the characteristics of the plain concrete is low tensile
strength, and low tensile strain capacities; that is concrete is brittle
material. Thus concrete require reinforcement before it can be used
extensively as construction material.  Historically this
reinforcement has been in the form of continuous reinforcing bars
which could be placed in the structure at the appropriate locations
to withstand the imposed tensile and shear stresses. Fibers, on the
other hand, are generally, short discontinuous, and are randomly
distributed throughout the concrete to produce a new construction
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material, known as Fiber Reinforced Concrete (FRC).Fibers used
in cement-based materials are primarily made of steel, glass, and
polymer or derived from natural materials. Since fibers to be more
closely spaced than conventional reinforcing bars, they are better
at controlling cracking. It is important to recognize that, In general,
fiber reinforcement is not a substitute for conventional
reinforcement. Fibers and steel bars has different roles to play in
modern concrete technology, and there are many applications in
which both fibers and continuous reinforcing bars should be used.
Accordingly, the aim of this research is studying deflection of the
concrete beams with fiber glass together with studying the effect of
the substance on the collapsing load, The fiber glass is mixed with
the concrete at little rates. Five concrete beams with dimensions
(70,20,10 cm) in two kinds of concrete; one of them is normal
concrete for control, and the other was mixed with fiber glass.
Fibers was put in the costing mould at different depths of the
bottom level of the beams at distances of 1/3,1/2,1/1 of the beam
depth ,last one was reinforced by strip , All the beams were
exposed to bending teste, At the end of the study, It was clear that
fiber glass had an important role in improving the concrete
material as it increases the hardness of the concrete, and delayed
the collapse of the beams as the area of fiber glass in the tensile
area.
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Abstract

This study has been conducted in the north western region of
Aljafarah underground reservoir in Libya, which is located about
45 km west of Tripoli city which stretches from (32.70 — 32.79 )
.Many chemical analyses were carried out for about 40 samples of
groundwater to evaluate the concentration of some elements in the
water such as Na+,CL--,SO4-- , Ca*, Mg Aions and total dissolved
solids (TDS). Monitoring the concentration of these ions could
give an indication of sea water intrusion into groundwater
phenomenon. The results of these analyses appeared high
concentration of these elements for the wells that located beside
the sea coast .which is a strong indication of sea water intrusion
into groundwater phenomenon .
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TDS Ca++ Mg++ | Na+ | K+ | Hcosz- | SO4- CL- NO3-
Code
mg/L mg/| mgfl | mg/l | mg/l mg/l mg/| mg/l mg/l
Hr 1 3153.53| 192.36| 87.49( 896| 16.5 84 113 | 1750.88 13.3

Hr 2 914.44 56.11 | 58.32( 179 6 82.8 118 | 402.11 12.1

Hr 3 1294.31 | 200.38 | 19.44| 236 9 80.4 129 | 610.09 10

Hr 4 1250.4 88.17 9.72| 351| 10.5 129.6 92| 561.21 8.2

Hr 5 650.77 88.17 4.86| 125| 4.5 87.6 109 | 210.74 20.9

Hr 6 1465.9| 136.26| 82.63| 259| 22.5 144 121| 670.11 30.4

Hr 7 603.09 64.12| 19.44| 104 6 86.4 148 | 155.23 19.9

Hr 8 384.72 24.05 24.3 60| 4.5 82.8| 90.42 80.15 18.5

Hr 9 971.8 80.15| 102.07| 108| 4.5 69.6 162| 410.08 35.4

Hr 10 892.49 64.12| 77.77| 135| 7.5 76.8 126 390.1 15.2

JD 1 5847.8 737.4| 296.48 | 1048 18 68.4 165 | 3470.22 44.3

JD2 2219.59| 320.61| 111.79| 345 8 81.6 180 | 1145.99 26.6

JD3 3693.32| 585.11| 199.28 | 475 12 90 337 | 1972.03 22.9

JD 4 1006.66 | 152.29 24.3| 166 4 84 90| 450.67 35.4

JD 5 906.67 | 120.23| 34.02| 149 4 75.6 116 | 389.12 18.7

JD 6 671.57 96.18 | 14.38 98 2 79.2 233| 120.51 28.1

JD 7 1072.72| 200.38 | 14.58| 148 5 99.6 182| 378.56 44.6

JD 8 2202.33| 352.67| 102.07| 233 8 8 893 | 498.09 37.5

JD9 838.65| 104.198 | 38.883 | 126 4 74.4 170 | 285.97 35.2

JD10|  753.28| 112.213| 14.581| 121 4 78| 145| 240.99| 375
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TDS Ca++ Mg++ | Na+ | K+ | Hoos- | SO4- CL- NO3-
Code

mg/L mg/l mg/l | mg/l | mg/l mg/l mg/l mg/l mg/l

SP 1 11238.3 | 705.34 | 403.41| 3102 43.5 67.8 537| 6350.45 28.8

SP2 1333.3 104.2| 29.16| 334 15 98.4 105| 630.14 17.4

SP 3 928.28 80.15 4.80| 245 12 115.2 46| 410.67 14.4

SP 4 1372.69| 152.29| 116.65| 169 12 70.8 77| 755.45 19.5

SP 3 1213.61| 240.46| 19.44| 161 10.5 72 128 | 560.11 22.1

SP 6 1721.39| 232.44| 102.07| 219 12 81.6 271 763.18 40.1

SP 7 1566.19 208.4 | 38.88| 279| 13.5 74.4 348 | 580.21 23.8

SP 8 2101.17| 280.53| 155.53| 204 9 79.2 680 | 660.11 32.8

SP9 1535.02 88.17 | 189.55| 155| 10.5 67.2 438 550.1 36.5

SP 10 2097.58 | 216.41| 160.39| 257 12 82.8 683 | 649.88 36.1

Srl 17108.6 | 841.27| 947.96 | 4288 91 103.2 637| 10190.4 9.7

Sr2 2718.44 160.3 | 194.41| 544 31 138 299 | 1340.23 11.5

Sr3 4257.27| 240.36 | 347.03 | 784 42 165.6 980 | 1660.98 37.3

Sr4 3056.94 | 331.93| 267.21| 293 32 147.6 | 1157 800.2 28

Sr5 3119.25| 354.82| 263.74| 374 16 133.2 655| 1300.21| 22.28

Sro 2372.56| 309.03| 121.46| 353 10 106.8 426 | 1025.67 20.6

Sr7 1292.87 85.84 | 121.46| 208 7 82.8 131| 630.21| 26.56

Srg8 1275.38 | 103.01| 111.05| 177 8 81.6 217 515.12 62.6

Sr9 1144.92| 103.01| 76.35| 190 6 80.4 178 | 490.21 | 20.95

Sr 10 2000.96 | 171.69| 190.87| 263 8 91.2 348 | 910.91| 17.29
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Abstract

The target of the study is to explain the effect of job satisfaction in
job performance for employees in the higher technical institutes.
The institute has been selected as a case study was The Higher
Institute for sciences and technique. Suk Khamis Emseheel .In
which the study was conducted and a set of achievable objectives
were developed, as well as identifying the problem, formulating
hypotheses, setting goals, (62) workers, and the data collected
from a set of tables were analyzed and the first was related to the
personal variables, where the mean, arithmetic mean, standard
deviation, spacing and flattening were extracted. Second, the level
of job satisfaction was extracted Ratio, median and arithmetic
mean, and thirdly the functional level and then extracts the ratio,
the mean arithmetic and the median for data analysis.

And analysis of the results where it was found that there is a
relationship between job satisfaction and the level of job
performance, the more satisfied the satisfaction of the improved
performance and it was found that a number of factors contribute
to the achievement of a great deal of satisfaction among workers.
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Using the statistical program SPSS, the data were analyzed
statistically, and from extraction of the measures of central
tendency and Pearson's correlation coefficient It was found that
there is strong relationship between job satisfaction and job
performance among the employees of the Higher Institute for
sciences and technique in Suk Elkhmis Emseheel, and at the end of
the study, and according to results, we suggest a set of
recommendations to contribute to improving performance in
higher education institutions.
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Abstract: A new interesting class of thermally stable polyesters
containing 3,3’-dibenzylideneacetone in the main chain has been
synthesised via interfacial polycondensation of 1,3-bis(3-
hydroxybenzylidene)acetone | and diacid chlorides; adipoyl,
sebacoyl, isophethaloyl, terephethaloyl and 4,4’-diphinic
dichloride. The model compound Il was synthesised by reacting
one mole of monomer | and two moles of benzoyl chloride. The
structure of I, Il and all synthesised polyesters 11l — VII were
confirmed by elemental and spectral analysis. The various
characteristics of the resulting polymers including: solubility,
viscosity, thermal analysis, and X-ray diffraction analysis were
determined and discussed. The majority of the polymers were
insoluble in most common organic solvents. However, they were
completely soluble in conc. H,SO,4. The viscosity measurements in
conc. H,SO, showed the values 0.59, 0.61, 0.91 dl/g. Thermal
analysis showed that the 10 % weight loss for all polyesters are
ranged from 300 to 377 °C. in additions, X-ray analysis showed
that the polymers had some degree of crystallinitiy in the region 26
=5-50°.

Key Words: interfacial polycondensation, unsaturated polyesters,
TGA, X-ray diffraction.
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1. Introduction

Recently, there has been much attention on high-
performance polymers that have excellent thermal stability and
solubility which has provided researchers with the impetus that has
led to the discovery of a variety of thermostable and processable
polymers. They have found a wide range of applications, such as
in high-speed aircraft structures, structural components of space
vehicles, reinforcing chemicals, self-extinguishing materials,*?
disposable bags, agricultural films, drug carries and matrix resins
for biomedical materials.> Additionally, Resin systems are
currently attracting increasing attention as high-performance
thermosetting resins and they can be used as the matrices for high
performance composites due to their superior mechanical
properties which are used in the electronic devices, high-
temperature adhesive and aerospace industries.*® They also can be
utilised as a good strength, low dielectric constant, radar
transparency, low water absorption, and superior metal
adhesion.®*® Moreover, unsaturated polyesters are one of the most
important polymer types which have a wide use and excellent
applications where their low cost chemical resistance and thermal
stability are key factors. Recently, unsaturated polyesters and
poly(ester-amid)s have been synthesized by interfacial
polycondensation of diphenol derivatives with diacids chloride.*"
% The major aim of this work was the synthesis and
characterisation of new thermally stable unsaturated polyesters of
diarylideneacetone based on aliphatic and aromatic polyesters. The
solubility, viscosity, thermal stability and crystallinitiy were
examined.
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2. Experimental
2.1. Measurements

The Elemental analyses were carried out on a Perkin-
Elmer 240 C instrument. IR spectra's were recorded on a Pye
Unicam PU9712 infrared spectrophotometer using KBr pellet
technique. '"HNMR spectras were run on a Bruker 11.1HO 100
MHz NMR spectrometer in DMSO using TMS as the internal
reference. The inherent viscosity of the polymer solutions 0.5 %
(w/v) in concentrated H,SO4 were determined at 25 °C using an
Ubbelohde suspended level viscometer. The solubility of the
polymers was examined using 0.02 g of polymer in (3-5 ml) of
solvent at room temperature. X-ray diffractgraphs were obtained
using an XD-610 Shimadzu X-ray Diffractometer, with nickel-
filtered Cu Ka radiation. Thermogravimetric analysis (TGA) was
carried out on a Shimazu TGA-50H Thermal analyzer, at a heating
rate of 10 °C min™

2.2. Reagents and Materials

4,4’-diphenic dichloride was prepared according to the
literature.’> All other chemicals were of high purity and further
purified by standard methods.®

2.3. Synthesis of 1,3-Bis(3-hydroxybenzylidene)acetone |

A mixture of (0.02 mol) 3-hydroxybenzaldehyde and (0.01
mol) acetone was dissolved in (30 ml) ethanol. A catalytic amount
of conc. HCI was added and the resulting mixture was refluxed for
4 h. At the end of the reaction time, a green solid product
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precipitated after the addition of distilled water. The solid product
was filtered off, washed with several portions of water, dried and
recrystallized from ethanol. Green needles were obtained; yield 70
%, mp 202 — 204 °C. Found: C, 76.23 %; H, 5.36%. Calc. for
CirH1Os: C, 76.67 %; H, 5.29 %. IR (KBr)/ cm™ 1618 (C=C),
1664 (C=0), 3400 (OH). *HNMR (100 MHz; DMSO-ds) 51 6.4 -
7.2 (8H, m, Ar-H), 7.6 - 7.9 (4H, m, CH=CH), 9.7 (2H, s, OH).

2.4.Synthesis of Model Compound Il, 3,3’-
Dibenzylideneacetone dibenzoate

1,3-Bis(3-hydroxybenzylidene)acetone 1 (0.005 mol) was
dissolved in NaOH solution (0.01 mol, 0.4 g/20 ml H,0) and
stirred at room temperature before the addition of benzoyl chloride
(0.01 mol) within 30 min. At the end of the reaction time, a
greenish gray solid product precipitated. The solid product was
filtered off, washed with water then ether, dried in vacuo at room
temperature and recrystallised from ethanol. Greenish gray crystals
were obtained; yield 77 %, mp 134 — 136 °C. Found: C, 78.94 %;
H, 4.80 %. Calc. for C3H»,0s: C, 78.47 %; H, 4.66 %. IR (KBr)/
cm? 1610 (C=C), 1645 (C=0), 1710 (C=O of ester group).
'HNMR (100 MHz; DMSO-d6) 6H 7.1 — 7.9 (18H, m, Ar-H;
CH=CH), 8.1 - 8.3 (4H, m, Ar-H).

2.5. Synthesis of Polyesters

2.5.1. General procedure

A thee-necked flask, equipped with a mechanical stirrer
(500 rpm), dry nitrogen inlet and outlet and dropper was charged
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with a mixture of (0.001 mol) diarylideneacetone 1, (0.002 mol) of
NaOH solution in (50 ml) water and (25 ml) methylene chloride.
Diacid chloride (0.001 mol) in (25 ml) methylene chloride was
added over a 2 min period at room temperature and vigorously
stirred. After completing the addition of diacid chloride, the
reaction mixture was left to stir for 1 h whereby a greenish gray
solid separated out. Then, the solid was filtered off, washed with
water, alcohol, acetone and dried under reduced pressure (1 mm
Hg) at 100 °C for 2 days. By using the above general procedure the
following polyesters 111 — V11 were obtained.

2.5.2. Polyester Il

Obtained by the polymerization of 1,3-Bis(3-
hydroxybenzylidene)acetone | with adipoyl chloride as greenish
gray powder in 90 % vyield. Found: C, 73.39 %; H, 5.35 %.
Calc. for Cy3H»Os5: C, 73.68 %:; H, 5.28 %.

2.5.3. Polyester IV

Obtained by the polymerization of 1,3-Bis(3-
hydroxybenzylidene)acetone | with sebacoyl  chloride as
greenish gray powder in 91 % vyield. Found: C, 74.58 %; H,
6.05 %. Calc. for C,7H,50s: C, 74.98 %; H, 6.51 %.

2.5.4. Polyester V

Obtained by the polymerization of 1,3-Bis(3-
hydroxybenzylidene)acetone 1 with isophethaloyl chloride as
greenish gray powder in 94 % yield. Found: C, 74.31 %; H,
4.21 %. Calc. for C,5H160s: C, 74.75 %; H, 4.06 %.
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2.5.5. Polyester VI

Obtained by the polymerization of 1,3-Bis(3-
hydroxybenzylidene)acetone | with terephethaloyl chloride as
greenish gray powder in 96 % vyield. Found: C, 74.81 %; H,
4.36 %. Calc. for C,sH160s: C, 75.75 %; H, 4.06 %.

2.5.6. Polyester VII

Obtained by the polymerization of 1,3-Bis(3-
hydroxybenzylidene)acetone | with 4,4’-diphinic dichloride as
greenish gray powder in 90 % vyield. Found: C, 78.32 %; H,
3.98 %. Calc. for C31H200s: C, 78.80 %; H, 4.26 %.

3. Results and discussion

3.1. Synthesis of monomer |

The preparation of the polyesters 111 — VII was based on
1,3-bis(3-hydroxybenzylidene)acetone 1. This monomeric unit was
synthesized by the condensation of two moles of 3-
hydroxybenzaldehyde with one mole of acetone in the presence of
ethanol as a solvent and a catalytic amount of conc. HCI as shown
in Scheme 1. The monomeric unit was purified by recrystallization
to get 65 % vyield before using it in the polymerization step. The
structure of this monomer was elucidated by elemental and
spectral analyses (IR and *HNMR).

OH (0]

o 0@ EtOH, HCl ¢one. HO N NF OH
)J\ H reflux, 4 hr

I, 65%

SCHEME 1. Synthesis of monomer |
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3.2. Synthesis of model compound 11

Before attempting polymerization, the model compound 11
for the desired polymer was prepared. This was performed by the
interaction of one mole of monomer I with two moles of benzoyl
chloride in the presence of NaOH solution and CH,Cl, to produce
compound Il in 80 % yield. On the basis of the good
agreement between calculated and found elemental
analyses, IR, '"H NMR spectra, the possible reaction is
depicted in Scheme 2.

O
CH20I2

1, 80%

SCHEME 2. Synthesis of model compound 11

3.3. Synthesis of polyesters 111 — VI

After preparing the monomer I, model compound Il and
confirming their structures, the next step of this study was the
polymerization step. The target polyesters 111 — V11
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were synthesized utilising interfacial polycondensation technique
of monomer | with adipoyl, sebacoyl, isophethaloyl,
terephethaloyl and 4,4’-diphenic dichloride as presented in Scheme

0
HO NN OH 0O o
O B N
Cl R* Cl CH,Cl,
I RT
0
J{O NN O\IrR
C SR
n
MI-VIL, > 90 %
Polyesters 11 AV Vv Vi VII

R | te | ek | | <O

SCHEME 3. Synthesis of Polyesters 111 - V11

The structure of these polymers was also established by elemental
and spectral analysis. The elemental analyses of all polymers
coincided with the characteristic repeating units of each polymer;
the data are included in the experimental part. It should be noted
that the elemental analysis of these polymers deviated up to 0.9 %
from the theoretical values. However, it is not uncommon for
polymers to trap solvent molecules within the polymer matrix.*’
Spectral data support the structural assignment of the polyester. IR
spectra for all polyesters showed the disappearance of the
characteristic absorption band of the OH group and the appearance
of new absorption bands at 1730 — 1754 cm™ characteristics of the
carbonyl groups of esters, at 1649 — 1660 cm™ for the carbonyl
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groups of acetone moieties and at 1598 — 1618 cm™ for C=C
groups. In addition, other characteristic absorption bands, due to
specific groups present in the various polymers, were also evident
in the IR spectra.

3.4. Characterisation of polyesters 111 — V11

The various characteristics of the resulting polyesters 111 —
VI including: solubility, X-ray diffraction analysis and TGA were
also determined and all the data are discussed below.

3.4.1. Solubility

Room temperature solubility characterisations of polyesters
111 — VII were tested using various solvents including: THF,
DMSO, CHCIj, CCl4, CH,CI,, acetone, formic acid, and conc.
H,SO4 (Table 1)

TABLE 1. Solubility Characteristics of Polyesters 111 — VII

jo) ) I

S EERRORECN R R CR N o T G
3 g &5 9 & I § 9 % 8
3 S 2 &£ o =7 8§ o o 3
- (9] N T EN

11 IS IS IS IS S S IS S

v PS IS IS IS PS PS IS S

\Y PS IS IS IS PS PS IS S

VI IS IS IS IS IS IS IS S

VII IS IS IS IS IS IS IS S

S = Soluble & PS = Partially Soluble & IS = Insoluble
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All the polyesters 111 — VII were completely insoluble in most

solvents such as chloroform, carbon tetrachloride, dichloromethane
and formic acid. However, they were completely soluble in conc.
H,SO,4. Moreover, all the polymers had the same solubility in
THF, DMSO and acetone (polymer 111 were insoluble in acetone
and soluble in THF and DMSO. In addition, polymers 1V, V were
partially soluble in acetone, THF and DMSO, whereas, polymers
VI, VII were insoluble in the same solvent).

3.4.2 . Determination of viscosity

The reduced viscosity of polyesters V, VI, VII was
determined by Ubbelohde suspended level viscometer using conc.
H,SO, at 25 °C £ 0.5 °C, and this gave the values, 0.59 dl/g, 0.61
di/g and 0.90 dl/g respectively.

3.4.3. Thermal analysis

The thermal stabilities of polyesters 111 — V11 were evaluated
by TGA in air at a heating rate of 10 °C/min. Table 2 gives the
temperatures for various percentage weight losses. The
temperature for 10 % weight loss is considered to be the polymer
decomposition temperature and it ranges between 300 — 377 °C.
Therefore, the data in table 2 indicated the thermal stabilities of
these polymers are in the order VII > VI>V > |11 > IV. It should
be noted that the aliphatic based polymer 111, 1V are less thermally
stable than the aromatic based polymers.
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TABLE 2. Decomposition temperature of Polyesters 11 — V11

p Temperature (°C) for various % decompositions
]

a 40

3 10% 20%  30% 50 %
» %

i 311 381 448 500 537
v 300 418 459 485 525

Vv 312 396 453 481 511
VI 377 440 481 503 525
VI 377 437 485 525 559

3.4.4. X-ray analysis
X-ray diffractograms of polyesters 111 — VI are shown in

Figure 1. It can clarified from this figure that, the majority of the
polymers showed amorphous halo patterns in the region of 20 = 5
— 50° and this indicated a low degree of crystallinitiy especially
polymer 111. However, polyesters 1V, VI showed reflections of
sharpness peaks thus, had a higher degree of crystallinitiy in

comparison with polymer V which were a semi crystalline.

18,19
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FIGURE 1. X-ray Diffraction Patterns of Polyester 111 — VI M

v
4. Conclusions
v
A new series of unsaturated polyesters based on
diarylideneacetone 111 — V11 were prepared using interfacial -

polycondensation technique. The various characteristics of

the resulting polymers were tested. All polyesters had poor
solubility in most solvents. Moreover, polyesters that have
methylene groups linkage were more soluble in comparison with
those connected through aromatic rings linkage.
Thermogravimetric analysis showed that the aromatic based
polymers were more thermally stable than the aliphatic based
polymers. X-ray diffraction analysis showed some degree of
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crystallinitiy in the region of 20 = 5 — 50° except polymer 11l
which showed a low degree of crystallinitiy.
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ABSTRACT

The Nubian Sandstone Formation (Pre-Upper Cretaceous) in the
Sirte Basin, Libya is considered an important reservoir for
hydrocarbons. It is subdivided into three stratigraphic members,
the Lower Nubian Sandstone, the Middle Shale and the Upper
Nubian Sandstone. Generally, the oil wells which have been
drilled by Waha Oil Company in A-Pool, NC98 Block, Eastern
Sirt Basin, Libya are producing from the Upper Nubian Sandstone
reservoir. The main trapping systems in APool-NC98 Block are
structural and stratigraphic combination traps, comprising of at
least two major NW-SE trending tectonic blocks, with each block
being further broken up with several more Pre-Upper-Cretaceous
faults. Four wells have been selected to conduct the formation
evaluation of the Upper Nubian Sandstone reservoir which lies at a
depth of between 14,000 and 15,500 feet. This study is an
integration approach using the petrophysical analysis and
integrating the sedimentology and petrography from core. The
geological and petrophysical evaluation were done using the
Techlog software.

The clay minerals identification was carried out using the
Potassium (K) versus Thorium (Th) concentration cross-plot
technique. The main clay minerals identified were; Kaolinite and
Chlorite, in agreement with the Petrographical analysis on samples
from well A4-NC98. The Petrophysical analysis clearly shows that
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the Upper Nubian Sandstone is a good reservoir in wells A3, A4
and A5, whereas low reservoir quality in well A6.

Introduction

The term “Nubian Sandstone’” was first introduced in Egypt to
include the Paleozoic and Mesozoic continental dominated clastic
succession indiscriminately (Russegger, 1837). The use of the term
was restricted to the Late Jurassic — Early Cretaceous sequence
across Libya (Conant and Goudarzi, 1964). This formation
changes in thickness and time depending on the
tectonostratigraphic setting in different parts of the basin.

The Nubian Sandstone forms the first mega-cycle of the early rift
infill during the early stages of the Sirte Basin, and evolved as a
consequence of interplay between global eustasy and regional
tectonics. This led to the establishment of a tripartite stratigraphic
subdivision of the sequence in most parts of the basin (Hawat, ,
1996). Ibrahim (1991) and EIl-Hawat (1992) recognized and
divided the sequence into three units, the Lower Sandstone
Member, the Middle Shale Member and the Upper Sandstone
Member. Abdulghader (1996) identified four lithofacies within this
sequence: a meandering river facies with point bars, levees and
over bank deposits, a relatively high-energy alluvial- plain
association with low-sinuosity braided-streams, swamp facies and
a relatively deep-water lacustrine facies.

This reservoir has been studied petrographically by EI-Bakush et
al.,, (1997) and EI-Bakush and Minas (2007). The Nubian
Sandstone was found to range from very course to coarse grained,
is quartzitic and poorly sorted, and often with a clay matrix
deposited in a fluvial and lacustrine setting. The variation of
composition and shale content of the Nubian Sandstone make it a
shaly sand reservoir.
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The aim of the study is a Formation evaluation of the Upper
Nubian Sandstone Formation in Block NC98 (A Pool), Eastern
Sirte Basin, Libya, Which occurs at an

approximate depth of 14,000 t015,500 feet in the candidate wells
(A3, A4, A5 and A6). The Concession was awarded in 1983
Figures (1 and 2).

In this study the petrophysical analysis and sedimentological study
in well A4-NC98 integrated paying particular attention to
authigenic Clay (through clay minerals identification), and to
describe the textural and compositional  petrographic
characteristics of the Upper Nubian Sandstone reservoir.

Figure 1 Location map of the study area (After Waha Oil Company,
2006).
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Figure 2 Location map of the study area (after Waha Qil Company,
2013)

Methodology

The variations in the composition and shale content require
understanding of the petrophysical behaviour of Upper Nubian
Sandstone reservoir. Therefore, available wireline log data were
used to calculate petrophysical properties and the interrelationship
between reservoir parameters. Techlog (2014.3) was used to carry
out the interpretation of The Petrophysical properties of the Upper
Nubian sandstone in the study area. The Natural Gamma Ray
Spectrometry log (NGS) data was used to recognize the various
clay assemblages through the reservoir, using the Potassium (K) -
Thorium (Th) cross-plot technique. This led to clay minerals
identification. The results from this study were integrated with the
petrographical analysis results from well A4-NC98, in order to
corroborate the findings based on both methods in the recognition
of the clay mineral.
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Result
Most sandstone reservoirs, contain varying amounts of clay.

The A Pool-NC98 Reservoir has two types of non-effective clay
material which are essentially undetected on wire line curves due
to their partially zero cation exchanging capacities (C.E.C). Their
behaviour is similar to sand grains. These clays are Kaolinite and
Chlorite. The gamma ray log is used in Shaly Sand reservoir
because of the presence of Uranium, Thorium, and Potassium in
clay minerals. The clay types can be identified by cross plotting
Thorium versus Potassium Figure (3).

The petrographical results of the studied intervals of the Upper
Nubian Sandstone reservoir have been reviewed prior to selecting
which results to compare in order to establish a reliable integration
with the petrophysical analysis. For this reason two representative
SEM Plates Figures (4 and 5), haves been selected at specific
depths within the Upper Nubian Sandstone reservoir for detailed
petrographic description, and to illustrates the type of clay
minerals present (Kaolinite and Chlorite).

There is a clear relationship between the increase in volume of
clay and decrease of both the porosity and permeability of the
sandstone. The Clay mineralisations took place during the
locomorphic phase. There two types of clays both grow as discrete
crystals which diminish porosity and permeability.

Kaolinite forms authigenically either through the breakdown of
detrital grains, such as feldspar, or through the recrystallization of
illite fiberes (Selley, 1978).
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Figure 3 Clay minerals identification from NGS data in the Upper
Nubian Sandstone, well A4-NC98.

Magnification: 800 X

Figure 4 A4-NC98 at 14,279 ft. (Waha internal sedimentological report,
2002), showing low porosity and permeability (5.6% and 0.79 md
respectively) containing a well developed chlorite grain-coating (C),
kaolinite pore filing (K) and locally developed prismatic quartz cement
crystals (QC).
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Magnification: 900 X

Figure 5 A4-NC98 at 14,553 ft. (Waha internal sedimentological report,
2002), showing low porosity (7.17%) and moderate permeability (11.66
md). The high magnification view illustrates authigenic chlorite crystals
(C) partly filling pores, locally developed quartz overgrowths cement
(QC) and, Chlorite that has converted macroporosity to interclay
microporosity.

Discussion

The petrography of the Upper Nubian Sandstone reservoir was
carried out at the Libyan Petroleum Institute (LPI) in 2002 on
behave of Waha Oil Company as a part of core study and
conventional core analysis of well A4-NC98.

The petrographic results were integrated with petrophysical
analysis results, in order to ascertain the clay minerals present in
the reservoir. Thin sections were described using Scanning
Electron Microscopy (SEM). The work was carried out on
conventionally dried samples from well A4-NC98 in order to
describe the texture and composition to petrographically
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characterise the Upper Nubian Sandstone reservoir and more
importantly the authigenic clays.

The petrographic results of the studied intervals were precisely
reviewed prior to selecting the results to work with in order to
make sure that a reliable integration with the petrophysical
analysis is established.

For this reason, two representative thin section were studied using
SEM (Figures 4 and 5), carrying out a petrographic description,
and identifying the type of clay minerals, the matrix and the
diagenetic scenarios (Waha internal sedimentlogical report, 2002).

The independent petrophysical results support the results obtained
from the petrographic study with respect to the clay types.

Conclusion

The Nubian Sandstone Formation (Pre-Upper Cretaceous) in the
Sirte Basin is considered as an important hydrocarbon reservoir.
The Formation is the first mega-cycle of the early rift infill during
the early stages of Sirte Basin, and evolved as a consequence of
the interplay between global eustasy and regional tectonics. The
Upper Nubian Sandstone reservoir is a complex of fine to medium
grained and angular to rounded grains. It is moderately to well
cemented, mainly with silica and ferroan dolomite and the
contacts, are straight, concave-convex and slightly sutured.

Three main lithofacies have been recognized in the Upper Nubian
Sandstone through core interpretation; trough cross bedded,
horizontally laminated and low angle cross bedded sandstones,
with many minor lithofacies such as rippled and fine laminated
sandstones.
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The most important diagenetic processes that have affected the
reservoir quality are compaction (leading to the reduction of the
effective porosity), silica cementation and genesis of authigenic
kaolinite and chlorite.

In this study of Upper Nubian Sandstone within A Pool-NC98
Block has highlighted the presence of two types of non-effective
clay minerals, Kaolinite and Chlorite. These clays have essentially
insignificant effect on the wire line curves, due to their essentially
zero cation exchanging capacities (C.E.C) and behave like sand
grains. Petrophysical investigation of the reservoir intervals using
Potassium (K) versus Thorium (Th) concentration cross-plot
technique led to identification of Kaolinite and Chlorite. The
Petrographic clay minerals identification is supported by the
petrophysical results. Both Kaolinite and Chloride grow as discrete
crystals which diminish the porosity and permeability of the
reservoir.
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Abstract

Objective: Diabetes mellitus is the most common metabolic
disease. One of the most common problems in diabetic patients is
atherosclerotic cardiovascular disease which is induced by
hyperlipidemia. Impaired lipid metabolism resulting from
uncontrolled hyperglycemia has been implicated in cardiovascular
complications in diabetic new patients. Also, glycated hemoglobin
(HbAy) has been regarded as an independent risk factor for
cardiovascular disease. The aim of this study was to examine the
correlation between HbA, fasting blood sugar (FBS) with serum
lipid levels in type 2 diabetes.

Materials and Methods: In this study, 80 diabetic patients in
(Diabetes & Endocrinology Center Tripoli — Libya) were chosen.
FBS, HbA;. and serum lipid levels were analyzed in patients.
Serum Lipids and glucose were measured by enzymatic method
COBAS INTEGRA. HbA . was measured by
immunoturbidimetrically COBAS INTEGRA.
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Results: There was significant correlation between FBS and Total
Cholesterol (TC) (r=0.28, P=0.001), but there were no correlations
between Glycated haemoglobin (HbA;.) and TC (r=0.13, P=0.28),
HbA;. and Cholesterol (CH) (P=0.71, r=-0.11), HbA;. and HDL
(P=0.26 r=-0.11) and HbA. with LDL (P=0.84, r=-0.05).

Keywords: Fasting blood sugar FBS, Diabetes Mellitus, Glycated
haemoglobin HbA;, Lipid profile

INTRODUCTION

Type 2 diabetes mellitus is a group of metabolic disorder that is
characterized by hyperglycemia resulting from insulin resistance
and relative insulin deficiency™.

Diabetes is associated with a greater risk of morbidity and
mortality from cardiovascular disease (CVD). Serum lipids are
frequently abnormal and are likely to contribute to the risk of
coronary artery disease .

Worsening of glycemic control deteriorates lipid and lipoprotein
abnormalities and particularly of diabetes mellitus .

Glycosylated hemoglobin: Hemoglobin to which glucose is bound.
Glycosylated hemoglobin is tested to monitor the long-term
control of diabetes mellitus. Glycated hemoglobin (HbA1) is
routinely used as a diagnostic tool for measuring long term
glycemic control. In accordance with its function as an indicator
for the mean blood glucose level, HbA;. predicts the risk for the
development of diabetic complication in diabetes new patients (.
Criteria for abnormal lipid profiles were based on the American
Diabetes Association (ADA) criteria, Hypercholesterolemia refers
to a total cholesterol level > 200 mg/dl, Hypertriglyceridemia
refers to a level is > 150 mg/dl, HDL was considered low when the
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level is < 40 mg/dl in males and < 50 mg/dl in females, LDL was
considered high when the level is > 100 mg/dl. Dyslipidemia was
defined as the presence of one or more of the previous
abnormalities in serum lipids ®!.

A few studies have previously tried to find the correlation between
HbA;. levels and lipid profile. Some of these have shown that all
the parameters of lipid profile have significant correlation with
glycemic control [,

Fasting blood glucose: A test to determine how much glucose
(sugar) is in a blood sample after an overnight fast. The fasting
blood glucose test is commonly used to detect diabetes mellitus.
Fasting blood glucose FBS is directly proportional to the severity
of diabetes mellitus and the most commonly used marker for DM.
In general FBS levels greater than 126mg/ dl on more than one
occasion are diagnostic of diabetes mellitus, provided that drugs
such as gluco corticoids are not being administered.

Lipid profile: A pattern of lipids in the blood. A lipid profile
usually includes the levels of total cholesterol, high-density
lipoprotein (HDL) cholesterol, triglycerides, and the calculated
low-density lipoprotein (LDL) ‘cholesterol.

MATERIAL AND METHODS

Study design:

Case control study.

Target population:

The target population was type-1l diabetic new patients males and
females aged 30- 77 years from diabetes and endocrinology center
in Tripoli - Libya.
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Sample size:

The Sample size was 80 individuals included in this study, of 50
type-11 diabetic new patients and 30 healthy served as controls.
Patients and controls were matched for age.

Sampling:

A total of 50 blood samples were collected from type-Il diabetic
new patients, which were previously diagnosed according to the
current WHO diagnostic criteria for diabetes [”!, from the diabetes
and endocrinology centers in Tripoli - Libya.

The total of 30 blood samples were also collected from healthy
persons who were served as controls.

Specimen collection and biochemical analysis:

Blood samples were collected from 50 type -lIl diabetic new
patients and 30 controls. Fasting overnight venous blood sample
(about10 ml) were drawn by the researcher himself into vacutainer
plane tubes from all individuals. The blood was left for a while
without anticoagulant to allow blood to clot. Then, serum samples
were obtained by centrifugation at room temperature at 5000 rpm/
5 minutes.

Determination of HbA .

Principle

Total Hb and HbAi. concentrations were determined after
hemolysis of the anti-coagulated whole blood specimen. Total Hb
is  measured  colorimetrically. HbA;. is determined
immunoturbidimetrically. The ratio of both concentrations yields
the final percent HbA . result [HbA . (%)].

The anti-coagulated whole blood specimen is hemolyzed
automatically on COBAS INTEGRA systems with HbA;.
Hemolysis Reagent in the predilution cuvette. Erythrocytes are
lysed by low osmotic pressure. The released Hb is proteolytically
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degraded by pepsin, to make the A-N-terminal structures more
accessible for the immunoassay. Additionally, the heme portions
are oxidized for the Hb assay.

Total Hb is determined on COBAS INTEGRA systems in the
hemolysate using a cyanide-free colorimetric method based on the
formation of a brownish-green chromophore (alkaline hematin D-
575) in alkaline detergent solution . The color intensity is
proportional to the Hb concentration in the sample and is
determined by monitoring the increase in absorbance at 552 nm.
The test result is calculated using a fixed factor determined from
the primary calibrator chlorohemin !,

HbA;. is measured on COBAS INTEGRA systems using
monoclonal antibodies attached to latex particles. The antibodies
bind the -N-terminal fragments of HbA ..

-9
Y - iy —_
A4 —
7 1 N

Glycopeptides Antibody Latex Bound
Glycopeptides

Remaining free antibodies are agglutinated with a synthetic
polymer carrying multiple copies of the S-N-terminal structure of
HbA:.. The change in turbidity is inversely related to the amount
of bound glycopeptides and is measured turbidimetrically at 552
nm.
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Antibody Latex Agglutinator Agglutinated Antibody Latex

Reagents Concentrations are those in the final test mixture.

Reagents Concentrations
B:

MES buffer 0.025mmol/L
TRIP buffer 0.015mmol/L
pH 6.2

HbA,. antibody (ovine serum) > 0.5mg/mL
C:

MES buffer 0.025mmol/L
TRIP buffer 0015mmol/L
pH 6.2

HbA,. polyhapten > 8ug/mL

Determination of serum Glucose

Principle:-

Enzymatic reference method with hexokinase. Hexokinase (HK)
catalyzes the phosphorylation of glucose by ATP to form glucose-
6-phosphate and ADP. To follow the reaction, a second enzyme,
glucose-6-phosphate dehydrogenase (G6PDH) is used to catalyze
oxidation of glucose-6-phosphate by NAD" to form NADH.

HK
D-glucose + ATP — D-glucose-6-phosphate + ADP
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G6PDH
D-glucose-6-phosphate —— D-6phosphogluconate + NADH+H*

The concentration of the NADH formed is directly proportional to
the glucose concentration. It is determined by measuring the
increase in absorbance at 340nm.

Reagents Concentrations are those in the final test mixture.

Reagents Concentrations
B:

MES buffer 0.5mmol/L
pH 6

Mg*™ 24 mmol/L
ATP > 4.5 mmol/L
NADP > 7.0 mmol/L
C:

HEPES buffer 200mmol/L
Mg 4 mmol/L

pH 8

HK (yeast) > 300 pkat/L
G6PDH > 300 pkat/L

Determination of serum LDL

Principle:Homogeneous enzymatic colorimetric assay.

This automated method for the direct determination of LDL-
cholesterol takes advantage of the selective micellary
solubilization of LDL-cholesterol by a nonionic detergent and the
interaction of a sugar compound and lipoproteins (VLDL and
chylomicrons). When a detergent is included in the enzymatic
method for cholesterol determination (cholesterol esterase
cholesterol oxidase coupling reaction), the relative reactivities of
cholesterol in the lipoprotein fractions increase in this order: HDL
< chylomicrons < VLDL < LDL. In the presence of Mg*™, a sugar

150 Copyright © ISTJ 4B ghaa okl (G48a
;\mb ?3""“ @3.\1\ M



International

Science and Technology Volume 12 sl Sl Dbk ol
Journal

i ) . December 2017 s }&
4y aglall 4t gal) Alyal)

gy gt g iy

compound markedly reduces the enzymatic reaction of the
cholesterol measurement in VLDL and chylomicrons. The
combination of a sugar compound with detergent enables the
selective determination of LDL-cholesterol in serum. In the
presence of oxygen, cholesterol is oxidized by cholesterol oxidase
to Ad-cholestenone and hydrogen peroxide ).

detergent cholesterol esterase

LDL-cholesterol ester + H,O

cholesterol+free fatty acid

(selective micellary solubilization)

cholesterol oxidase
LDL-cholesterol + O ————————— A4 — cholestenone + H,O0,

2H,0, + 4 — aminoantipyrine + HSDA + H* + + H20

peroxidase

———— purple blue pigment + 5 H20
The color intensity of the blue quinoneimine dye formed is directly
proportional to the LDL-cholesterol concentration. It is determined
by measuring the increase in absorbance at 583 nm.

Reagents Concentrations are those in the final test mixture.

Reagents Concentrations
B:
MOPS 20.1mmol/L
pH 6.5
HSDA 0.958mmol/L
AOD(recomb) > 50ukat/mL
POD(horseradish) > 167ukat/mL
C:
MOPS 20.1mmol/L
pH 6.5
POD(horseradish) > 334pkat/mL
M@,S0O,. 7H,0 8.11mmol/L
4-aminoantipyrine 2,46mmol/L
CE (microb.) > 50pkat/mL
CHOD (microb.) > 33ukat/mL
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Determination of serum cholesterol

Principle

Enzymatic, colorimetric method [cholesterol oxidase (CHOD) /
phenol + aminophenazone (PAP) ] with cholesterol esterase,
cholesterol oxidase, and 4-aminoantipyrine %Y. Cholesterol
esterase (CHE) hydrolyzes cholesterol esters to form free
cholesterol and fatty acids. Cholesterol oxidase (CHOD) then
catalyzes the oxidation of cholesterol to form cholest-4-ene-3-one
and H0,. In presence of peroxidase (POD), the hydrogen
peroxide formed effects the oxidative coupling of phenol and 4-
amino-antipyrine (4-AAP) to form a red-colored quinoneimine
dye.

Cholesterol ester + H,O (& cholesterol + fatty acid

CHO
Cholesterol + O, —— cholesterol — 3 —one + H,0,

POD
H,0, + 4 — aminoantipyrine + Phenol —— Quinoneimine + 4 H20

The color intensity of the red quinoneimine dye formed is directly
proportional to the cholesterol concentration. It is determined by
measuring the increase in absorbance at 520 nm.

Reagents

Concentrations are those in the final test mixture.

Reagents Concentrations

B:

PIPES buffer 225 mmol/L

Mg®* 10 mmol/L

Sodium cholate 0.6 mmol/L
4-amino-antipyrine > 0.45 mmol/L

Phenol >12.6 mmol/L

Fatty alcohol polyglycol ether 3%

CE Cholesterol esterase > 25ukat/mL (microbe)
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CHOD  Cholesterol oxidase > 7.5 pkat/mL (E.coli)
POD Peroxidase > 12.5 pkat/mL (horseradish)
C:Empty

Determination of serum triglycerides

Principle

Determination of triglycerides after enzymatic splitting with
lipoproteinlipase Indicator is quinoneimine which is generated
from 4-aminoantipyrine and 4-chlorophenol by hydrogen peroxide
under the catalytic action of peroxidase.

LPL
Triglycerides — Glycerol + fatty acid
GK
Glycerol + ATP — Glycerol-3-phosphate + ADP
GPO
Glycerol-3-phosphate +O, — Dihydroxyaceton phosphate + H O,

POD
2H,0, + 4-Aminophenazone + 4-Chlorophenol — Quinoneimine + HCI + 4H,0

In the presence of peroxidase (POD), hydrogen peroxide effects
the oxidative coupling of 4-chlorophenol and 4-aminophenazone
to form a red-colored quinoneimine dye, which is measured at 512
nm. The increase in absorbance is directly proportional to the
concentration of triglycerides in the sample.

Reagents Concentrations

B:

Pipes 50mmol/L

pH 6.8

Na-cholate 0.20mmol/L

ATP 1.4mmol/L

4-aminophenazone >0.13mmol/L

4-Chlorophenol 4. 7mmol/L

LPL(microb.) >83 pkat/L

GK(microb.) >3 pkat/L

GPO(E.coli) >41 pkat/L
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POD (Horseradish) 1.6 pkat/L
C: empty

Determination of serum HDL

Principle

Homogeneous enzymatic colorimetric assay.

In the presence of magnesium sulfate and dextran sulfate, water-
soluble complexes with LDL, VLDL, and chylomicrons are
formed which are resistant to PEG-modified enzymes. The
cholesterol concentration of HDL-cholesterol is determined
enzymatically by cholesterol esterase and cholesterol oxidase
coupled with PEG to the amino groups (approximately 40%).
Cholesterol esters are broken down quantitatively into free
cholesterol and fatty acids by cholesterol esterase. In the presence
of oxygen, cholesterol is oxidized by cholesterol oxidase to A4-
cholestenone and hydrogen peroxide ).

PEG-cholesterol esterase

HDL-cholesterol esters + H{O ———  HDL-cholesterol + RCOOH
PEG-cholesterol oxidase

HDL-cholesterol + RCOOH+0, ———— > Ad4-cholestenone + H,0,

roxid:
2 H,o, + 4-aminoantipyrine + HSDA +H™* i purple blue pigment + 4 H,O
The color intensity of the blue quinoneimine dye formed is directly
proportional to the HDL-cholesterol concentration. It is determined

by measuring the increase in absorbance at 583 nm.

Reagents Concentrations are those in the final test mixture.

Reagents Concentrations
B:
MOPS 20.1mmol/L
pH 6.5
HSDA 0.958mmol/L
PEG > 167pkat/mL
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C:
pH 6.5
4-aminoantipyrine 2,46mmol/L
CE (microb.) > 50pkat/mL
CHOD (microb.) > 33pkat/mL
RESULTS:

The results were analysed using Statistical Package for Social
sciences (SPSS) 21 version. Quantitative variables were expressed
as the mean and standard deviation and qualitative as percentages.
Comparison of mean of different variables between two groups
was performed using Student’s unpaired‘t’ test. Comparison of
mean of variables between all three groups was assessed by using
one way ANOVA test. The strength of association between HbA ¢
and lipid parameters was assessed by calculating r value
(Pearson’s correlation coefficient). A p-value <0.05 was
considered as significant whereas < 0.001 was considered as
highly significant.

Among 50 patients with T2DM. The mean age in patients and
healthy controls was 49.70+13.74 and 44.4+13.33 years
respectively. The age and gender distribution was comparable in
all the groups (Table 1). The variation in mean values of FBS,
HbA;c among patients and Healthy controls was highly
significant, p <0.001 and that of TC, TG, LDL and HDL was
significant, p >0.1 (Table 2). In T2DM patients with control, the
correlation between HDbA;c and FBS was highly significant
(p<0.001) and correlation with TC, LDL, TG and HDL was
significant (p>0.1).
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Table 1: Age and gender wise distribution of Type-I1 Diabetes
Mellitus (T2DM) and healthy control groups

New
Female | patients | COntro!
Count 28 20 26 22 48
- [0)
N4 MO 3500 2500  325%  275%  60.0%
Count 10 14 18 6 24
- [0)
069 %0t 50, 175%  225%  75%  30.0%
Total
Count 4 4 6 2 8
[0)
oF %ol 50y 50%  75%  25%  10.0%
Total
Count 42 38 50 30 e
Total % of

52.5% 47.5% 62.5% 37.5%  100.0%
Total

Serum analysis:

Table 2: Comparison of mean values of variables in Type-I1 Diabetes
Mellitus (T2DM) and healthy control groups

New Patients Healthy
(n=50) Control
Mean £SD (n=30)
Mean £SD

P-
Value

Parameter
mg/dl

8oualayIq

[ 1 FBS 2101747528  90.78+17.02 1193 853  0.001
[ 2. HbA; 9.86+1.90 5.36+.40 45 12.75  0.001
[ 38 HDLC 34.46+18.12  27.08+11.79 774 220 026
[ 4 LDL-C  117.00+3148  126.20+30.88 9.1 128 084
[ 5 Triglyceride 173.74+98.92  143.06+81.08 30.6 150 0.8
| 6. Cholesterol  185.56+32.87  178.30+28.43 72 104 071

(Reference range of FBS =70-110 mg/dI. Reference range of HbA;. = 4-6 mg/dl. Reference range of
Cholesterol = 50-200mg/dl. Reference range of Triglycerides = 50-200 mg/dl. Reference range of
LDL-C = 10-100 mg/dl. Reference range of HDL-C above 55 mg/dl normal.)
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Serum HbA;. in relation to lipid profile
Table 3: Correlation of HbA,. values with lipid parameters and FBS
in Group A and Group B Type-11 Diabetes Mellitus new patients

Pearson Pearson
. P-value . P-value
correlation(r) correlation(r)
1. FBS 0.842" 0.001 1
2 HDL-C 0.119 0.26 .046 .685
3. LDL-C -0.051 0.84 -.037 743
4.| Triglyceride 0.136 0.28 2897 0.001
5.| Cholesterol 0.119 0.71 161 154

**_Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is signifi

Discussion

In our present study we took 50 new cases of diabetic who
attended (Diabetes & Endocrinology Center Tripoli — Libya) and
the study was compared with 30 healthy controls. In both new
cases and controls HbA;, FBS, Cholesterol, HDL, LDL,
triglyceride, and were measured.

Results of this study showed significant correlation between FBS
and TC ; but, there was no correlation between HbA . and serum
lipid levels. and The present study in type-1l diabetic subjects
shows a highly positive correlation of HbA;. levels with FBS.
Studies have shown that high level of cholesterol, triglyceride,
LDL and low HDL in type-Il diabetics is well known risk factors
for cardiovascular diseases. The cause of dyslipidaemia in type-II
diabetes mellitus may be that insulin is not working well which in
turn influences the liver apolipoprotein production 21,
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In a study, Khan et al. have shown that there is a direct correlation
between FBS and HbAlc with TC, TG and LDL and inverse
correlation with HDL 3!

In another study, the positive correlation between FBS and
postprandial blood glucose with TC, TG, LDL and very low-
density lipoprotein (VLDL) indicated the risk of cardiovascular
diseases in the patients. Thus, it can be deduced that diabetic
populations with higher blood glucose levels are more fain to
cardiovascular diseases 4,

Also, this study showed that HbA;; can be used as a potential
biomarker for predicting dyslipidemia in diabetic patients ™.

In another study, Mahato et al. observed significant correlations
between HbA;c with TC, LDL and LDL/HDL ratio %,

In a study, HbA;; demonstrated significant positive relationship
with TC, TG, HDL and LDL"2,

Nishimura et al. reported significantly higher CVD in persons with
high levels of HbA*®. Ahmad khan suggested that HbA;. can
predict serum lipid levels in both male and female diabetic
patientst*”). Also, Ramona et al. reported that HbA; is a marker
routinely used for long-term glycemic control and they observed a
direct and significant correlation between HbA;. with TC, TG and
LDL, and reverse correlation with HDL!®),

Conclusion

The result of this study showed that high levels of serum glucose
are associated with high level of TC and LDL. High levels of LDL
speed up atherosclerosis and thereby increase the risk for heart
attack and stroke. However, based on our results, it can be
concluded that HbA;. can also be utilized for screening high risk
diabetic patients for early diagnosis of dyslipidemia and timely
intervention with lipid lowering drugs.
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ABSTRACT

Design process of any product can consist of examining a design
need and working on the problem by means of sketches, brain-
storming, models, calculations as necessary, development of
styling as appropriate and calculation of the costs. In this paper,
the main aim is to design a supporting bracket of a pipe with a
good style, a reliable factor of safety and low material cost. Four
different materials were used to find out the minimum mass and
cost of each model. NX8.5 Nastran was used for sketching and
modeling. Moreover, a static simulation was done by the same
software where a specific compressive load was applied as well as
constraints to analyze stresses on the bracket. The load was
estimated according to the pipe span. The result showed that the
Steel alloy AISI4340 had the highest safety factor value of the
design with Low material cost. Therefore, it was the best material
of the design. Material cost of the model made of cast iron G60,
Aluminum2014, and Steel AIS14340 were approximately the same
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despite the different required masses. The copper-c10100 was the
most expensive with a low value of safety factor.

-

AadAl)

Aadagl sap Cusy 4l AaE) Auhy el e @Y sl Glle
S Gl ISy e gunyl) Jadii Aualpall o3ag 32 US UKy die dysllall
Al Glua LA dualyll Slleally A ause dee @l Ly Jany
Cadgl) . puilia yray Sllgiuall alginy (lacal 4yl LaY) (e ziial)
Jsm bl dalaas dn edaay Canli] Cufie avaat g8 i) 138 o (oot
Jand Adliie Mge ag)l Jlarind &5 L allSHl) dimidio sale aladiulyy 4dde
el alatin) 5 LIS jrasy o 3saill Jaad Lo U dlsall ABS Gy 4 )lia
Jees canll) Cudiad slay) D an)ll dlee 8 NX8.5 NASTRAN
) gy Jia L (Finite Element Method) sl Sad Jilas
Al e o cliliall e adiey Sl ek Jesy alalay Jillly
Ol oy 2alS5 oY) & C10100 (ulaill z3sai o) Comaasgl el
assiaslN) Ay AISI4340 yoasll 3Sun A o aag 8l Ll
Laiy 4pliie z3saill Jand 2P GO0 salayl a3l sl Gl 2014
leli el LAISI4340 0 dSuud S 0S5 badipe S LY Jelas

el Jee b Lgaladin sale Juadl
INTRODUCTION

It has become widely recognized that design and selection of pipe
bracket is an important part of the engineering study of any
modern steam generating or process installation. Supporting
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Bracket usually used to hold or support shafts and pipes in their
position and prevent excessive deflection. Brackets can also be
used to support and mount motors, generators and assemblies [1].
In general, pipes should be adequately supported because they are
installed in the walls of buildings extending horizontally and
vertically to carry oil, waters and other liquids. The bracket design
depends on many variables. The material of the supporting bracket
should be strength enough to withstand weight of the pipe,
pressure and vibration. It should have a low mass as much as
possible and a good resistance of corrosion. Steel alloys, aluminum
alloys and ductile iron can be used as a material because their
properties offer high strength with relatively low cost and weight.
The alloys of steel and aluminum have a long life with corrosion
resistance [4]. Installation of the bracket should be easy and taken
into account. Sometimes, the supporting bracket fixes the pipe
against the applied axial forces. These forces might result in
buckling, thermal loads, water hammer and vibrating equipment
[10]. Therefore, engineers should consider all that factors while
designing and should make a structurally efficient and economical
design. In this paper, the designed bracket is subjected to weight of
the pipe and the liquid that runs inside it. It is represented as a
compressive load. Value of the load is estimated to be 25000N.

The illustrated bracket in Figl is designed to be fixed on horizontal
floor and not on walls. It consists of two components, base and
cover. The base has two holes diameter 15mm to be fixed on the
floor by bolts. The other part which is the cover is used to fix the
pipe and prevent it from moving. Two bolts and nuts are used to
join the cover with the base. Diameter of the pipe is designed to be
51mm.It is important to verify that actual bracketing requirements
are in accordance with client specifications [8].
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Dimensions

in mm

Fig 1 Design of Supporting Bracket of pipe using NX8.5

NX8.5 Software

In general, NX was formerly known as UG in 2000. Unigraphics
purchased SDRC I-DEAS and began to integrate aspects of both
software packages in order to make one single product called
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Unigraphics NX or just NX. Therefore, NX is advanced high-end
CAM/CAD/CAE software since 2007 owned by Siemens PLM. It
is for so many tasks such as design which includes direct solid,
parametric and surface modeling. It also used for engineering
analysis comprises static, dynamic, electromagnetic, and thermal
by using finite element method. Fluid analysis can be done by
using finite volume method. NX software is considered a direct
competitor to Catia, Creo, Autodesk Inventor and Solidworks
software. NX8.5 is software produced by Siemens Company. It
simplifies complexity during design stages, speeding up design
processes to introduce the product to the market in a short time. It
is a powerful tool which has a hybrid modeling capabilities
because it is integrating explicit geometric modeling and
constraint-based feature modeling [2]. Complex free-form shapes
can be designed by this software such as manifolds and airfoils.
Finally, NX software package is a 3D computer aided design suit
which allows modeling solid components and assemblies to
perform engineering analysis.

Simulation

The aim of simulation is to show the maximum deformation or
displacement of the product and also explain stress concentration
on the model where weak areas can be modified. The simulation
process is static and linear which comprises, meshing, selecting
material, making constraints and finally solving the problem.

1- Meshing:

It is a process to create finite element model which enable to
create a mesh of 4 or 10 nodes on the solid body. Tetrahedral
nodes were chosen as suitable for 3D model. 10 nodes mesh was
very small and unable to be applied for the bracket geomtry.
Therefore, 4 nodes mesh was used. The process of meshing as
shown in Fig2 enables computational solutions of partial
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differential equations. It partitions a solid space into elements or
cells which the equations can be approximated [3,7].

Fi 2 Finite element model of the bracket

2- Selecting material:

Selection of a proper material is usually a difficult job for the
designer. Generally, while selecting the material the following
factors should be considered:

e Auvailability of the material
e Suitability of the materials for working conditions and
service.

e The cost of materials
The four selected materials are available; however, suitability of
the materials and their cost will be investigated and discussed in
this research. The materials are: high strength Steel AlSI14340,
Aluminum 2014, Cast Iron G60 and Copper-C10100 .The
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following, Fig 3shows how to select one of the materials by using
NX8.5 software.

_ Assign Material ’?r
Bronze METAL  lsia| |
Carbon_Dioxide_Gas OTHER  F
Carbon_Dioxide_Liquid OTHER  Fli
[Copper Ci0100———— WETAL 1o
Engine_0il_Liquid OTHER  Fh
Epoxy OTHER s
Ethylene_Glycol_Liguid OTHER  Fl
Freon_Liquid_R12 OTHER  FIi
Glycerin_Liquid OTHER  Fh
Helium_Gas OTHER  Fh
Hydrogen_Gas_H2 OTHER  Fli
Inconel_718-Aged METAL Ist
Iron_40 WMETAL Isi,
< >

8 .

ok ][ aepy [ cancel | :
_———eeeee.
Fig 3 Selection of material

The properties of each material are available in NX8.5 software
such as, yield strength, ultimate tensile strength, fatigue coefficient
and Young’s Modulus. The Aluminum 2014 is an alloy which
contains about 93.5% of Aluminum with other elements such as
copper, Silicon, Magnesium and Chromium. The alloy steel
AISI4340 contains about 96% of Iron.Cast Iron G60 is a type of
grey cast iron and has a good strength while Copper-C10100 has
99.9% of Copper [9].

3- Making Constraints:

The constraints represent the real working conditions of the design.
Therefore, the base of bracket should be fixed as in the real
condition which is shown in Fig4. Mass of the pipe and liquid is
represented by a compressive load inside the hoop of the bracket
as in the figure.
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Fig 4 Constraints of the model
Results

Fig 5 the maximum stress and deformation of steel AIS14340

In Fig 5, the maximum deformation of the model made of steel
AlSI4340 is 1.109E-002mm while the maximum stress on the
model is 105.78 Mpa. Mass of steel AISI4340 required for the
model can be calculated by the software which is 1.4895kg

168 Copyright © ISTJ 4% ghaa akal) (3 g8a
wu ”.us :\1\33.\1‘ M



International

Science and Technology Volume 12 aasl) " H”. ij,’m, M, Sears
Journal

) ) ) December 2017 s %
Aty o glall 4 gal) Alaal)

Fig 6 The maximum stress and deformation of Aluminium2014

The maximum deformation of the model made of Aluminium2014
IS 0.0289 mm as shown in Fig 6, while the maximum stress on the
model is 102.36 Mpa. Mass of Aluminum 2014required for the
model can be calculated by the software which is 0.530162kg
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Fig 7 the maximum stress and deformation of cast iron G60

In Fig 7, the maximum deformation of the model made of Cast
Iron G60 is 0.0136 mm. The maximum stress on the model is
109.22 Mpa and the calculated mass is 1.3567kg

Fig 8 the maximum stress and deformation of copper- C10100

The maximum stress on the model made of Copper-C10100 is
103.83Mpa as shown in Fig 8 while the maximum deformation is
0.0186 mm. mass of the model is 1.6926kg

Factor of safety

In the design process, factor of safety is defined as the ratio of the
maximum stress to the working stress.

Maxi St
Factor of safety = —— o022 (1)
Working Stress

When designing machine parts, it is desirable to keep the stress
lower than the maximum stress at which failure of the material
takes place. This stress is called as the working stress [5]. In
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ductile materials, the yield point is clearly defined and considered
as the maximum stress.

_ yield point Stress
Factor of safety = Working Stress """t s (2) The

relation for static loads

In brittle materials such as cast iron, the yield point is not well
defined. Therefore, factor of safety is based on ultimate stress.

ultimate Stress
Working Stress
relation for static loads

Factor of safety =

Because the main load which applied on the supporting bracket is
a compressive force. Therefore:

Maximum compressive Stress

Factor of safety = Working Stress

Table (1) Factor of safety and Stresses

Supporting Bracket [ Working [ Maximum Factor of
Material Stress compressive | Safety
(Mps) stress(Mpa)

ISteeI AlISI4340 I 105.78 1178 11.13

IAIuminium2014 |102.36 422.28
[castionGeo 10922 |
[ copper-cionoo_ J[103.3

Table (1) shows the relation between the maximum compressive
stress and working stress where the equation (4) is applied to find
the safety factor.
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Table (2) Base Metals Historical price Data in U.S Dollars

gy gt g iy

2012 2013 2014 2015 2016

Aluminium 2020.88 1845.86 1867.48 1663.69 1604.6
Aluminium Alloy 1935.97 1797.84 1950.43 1720.53 1553.26
Alumina 433.69 426.39 4213 387.42 320.71
7954.23 7330.44 5863.26 5508.57 4871.3

Nickel 17522.38 15022.53 16897.92 11624.73 9596.5
Lead 2062.45 2139.23 2095 1787.3 1866.99
Zinc 1948.16 1910.09 2162.01 1929.03 2092.83
Tin 21099.76 22272.66 21878.73 16033.44 17950.96
Iron Ore 131.83 136.58 97.34 55.82 58.61
Steel (USA 656.57 630.49 657.79 462.25 517.96
Steel (Europe 659.47 614.28 568.37 420.18 439.66

Table (2) illustrates approximate metals prices in USD per metric
ton. They were taken from Focus Economics website which
working with reports used by the world’s Major financial
institutions, multinational enterprises and government agencies [6].
The prices might changes widely according to the quantity
demanding, however, they give good indication to the cost.

Table (3) Specifications of Each Supporting Bracket

Supporting Maximum Material [| Material Factor of
Bracket Deformation Cost for Cost of safety

Material (mm) 1kg the
(U.S.D) model

Steel 0.011 1.4895 0.51796 0.771 11.13
AISI4340
Aluminium 0.0289 0.530162 [f 1.55326 0.823
| 2014 |
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X

| Castlron | 0.0136 1.3567 0.51796 0.7027 —

Copper- 0 0186 1.6926 4.8713 8.245
C10100

In table (3), the maximum deformation and the material mass in
Kilogram are shown. In addition, cost of the required material of
each supporting bracket is illustrated as well as the factor of safety.

12

10 \

== Material Cost

/ =—Factor of Safety
e
U T T T 1
& B O
O A
A
O & & <
\?h ; {@ ‘.\g 54
2 S # &
’-;"Q' \\}@ U (JOQ

Fig 9 Material cost of the supporting bracket and the safety factor

In Fig 9, it is obvious the relation between cost of materials and
factor of safety changes significantly.
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Conclusion

A supporting bracket was designed by using CAD/CAM software.
NX8.5 was used for modeling and simulation. Four selected
materials were used in the design. The aim of using different
materials is to find out the required quantity of each material of the
design and to discover the generated stress on the supporting
bracket. By knowing the maximum stress, the safety factor for
each material can be specified. A comparison was made between
the material cost of the supporting bracket and the determined
safety factor in order to find the cheaper material with a good
safety factor. Furthermore, the maximum deformation by using
different material was determined. Prices of the materials were
taken from Focus Economic magazine. The figures showed no
significant difference of the maximum deformation of the four
materials. The maximum deformation was located of the
Aluminum2014material and was acceptable at the elastic range.
Mass of the supporting bracket has a significant importance
because it is related to its cost. The heaviest mass was for the
copper-C10100 material while the lightest one was for
Aluminium2014. There was no big difference of mass between
cast iron G60 and the alloy steel AlS14340. The safety factor value
was the highest for Steel AlIS14340 and the lowest value was for

the copper material. Therefore, Copper-C10100 was not good for
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the design because it was the most expensive with the lowest
factor of safety. The material cost of the Aluminum 2014 was
slightly higher than Cast Iron G60, however, the safety factor
value of the Aluminum 2014 was slightly lower than Cast Iron
G60. The best material is one which serves the desired objective at
the minimum cost was the alloy steel AIS14340 with the highest

safety factor.
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Transmission encoding penalty of optical fiber
networks, Back to Back system & 100 km optical link
approaches

Amhamed M. Atiya

The Higher Institute of science and technology — Alharaba-Libya
e.atiya@hih.edu.ly

ABSTRACT:

This piece of research tends to study the behavior of optical
systems by doing a simulation on different sketches of optical
network designs. The goal is to model a typical fiber network in
order to study the transmission penalty under two different data
encoding techniques. Optical data transmitted through optical
networks undergo multiple impairments contributed to create
what’s literally called transmission penalty. Many power margin
allocators affect the way optical pulses being transmitted and
received, which leads designers to think previously in
compensating the losses. The most dominant factors are
dispersion, system margin, and encoding techniques. Typical
systems have the components of optical devices that can easily
simulated using computer softwares in modern studies, in this
paper OPTIWAVE system software is the key processor to study
optical power in such systems, it’s similar to Simulink library in
Matlab except of its concentrated tools in the subject of optics.
Encoding techniques such as Non return to zero and Return to
zero built devices are the focal point in this experimental paper.

Key words, penalty, RZ, NRZ, power margin.
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INTRODUCTION:

Since the development of optical communications with fibers in
the mid-1970s, the major emphasis of research has been on the
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technology  of  lightwave  devices for  long-distance
telecommunications. There are a number of phenomena that occur
within an optical transmission system that can be compensated for
by increasing the power budget. In each case the amount of
additional power required to overcome the problem is termed as
the “power penalty”. In all commodity communications products
and in most pre-planned systems the effects of power penalties are
already included by means of adjustment of the receiver
sensitivity, in which the user systems engineer can usually ignore
them quite safely. However, optical receiver sensitivity of
approximately -19.5 dBm is good start for such approaches due to
practical considerations.. Nevertheless it is important to understand
what they are and get some idea of the magnitude of that
penalty[1]. In general, optical systems are meant to be ideal
communication paths with extremely small values of negative
factors in conveying data such as dispersion, loss, attenuation
,reach limitations, and encoding choices. All those values are
considered a transmission penalty producers, or somehow a part of
a typical optical system power margins due to multiple optical
terms.

BIT ERROR RATE (BER):

It’s worth mentioning that a digital communication system
measure of “goodness” is the bit error rate or BER. This is the
number of error bits received as a proportion of the number of
good ones. It is very often expressed just as a single number for
instance 10-6 which means one in a million. It must be known that
errors are normal events in communications systems - there is
always the possibility of an error in one way or another.[1]&[5].
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NRZ AND RZ SIGNAL FORMATS:

These two formats are the simplest methods for encoding data in
optical systems. (NRZ ) which stands for unipolar non-return-to-
zero. Unipolar means that a logic 1 is represented by a voltage or
light pulse that fills an entire bit period, whereas for a logic 0 no
pulse is transmitted. As for the return-to-zero signal format which
is abbreviated as (RZ). Here the pulse for a 1 bit occupies only the
first half of the bit interval and returns to zero in the second half of
the bit interval. No pulse is used for a 0 bit.[2]

ATTENUATION:

The pulse will be weaker because all glass absorbs light. More
accurately ,impurities in the glass can absorb light but the glass
itself does not absorb light at the wavelengths of interest. In
addition, variations in the uniformity of the glass cause scattering
of the light. Both the rate of light absorption and the amount of
scattering are dependent on the wavelength of the light and the
characteristics of the particular media. Most light loss in a modern
fiber is caused by scattering. [1]

POWER PENALTIES IN GENERAL.:

Due to different propagation impairments power budget is affected
and as a result power penalty appear and build up by many
contributed factors. Figure (1) tells a lot about what affects optical
data transmitted through optical system.

OPTICAL RECEIVERS:
The first element of the optical receiver is a photodetector. The

photodetector senses the light signal falling on it and converts the
variation of the arriving optical power into a correspondingly
varying electric current. Since the optical signal generally is
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weakened and distorted when it emerges from the end of the fiber,
the photodetector must meet strict performance requirements.
Optical receivers have the sensitivity property which means the
ability to differentiate between power levels whether they are zero
or one. Receivers with high sensitivity are most desirable. [2].

A Optical source output
(Example: 2 dBm)

Power margin
allocated for:
Fiber attenuation
Connector loss

Splice loss

Relative power level

Splitter loss
WDM coupler loss
Power penalties

System margin

_/

Receiver sensitivity
(Example: —32 dBm)

Figure (1) transmission penalty as one of power margin allocators

SIMULATION PROCEDURE:
Optiwave simulation program makes the process easier in terms of

building communication systems. 50 % RZ optical transmitter will
be used once with every part in a typical optical communication
system, and then will be replaced with NRZ optical transmitter in
order to find the power penalty in the two cases. Not only are we
doing that, the same process will be repeated after adding an
optical fiber link .In more details, The original system’s
transmission trip will be extended up to 100 km distance.
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SYSTEM SANITY TEST:

First of all, back to back optical system using either RZ or NRZ
transmitter can be examined as a typical system to start with. Back
to Back communication system does not include any transmission
line between the transmitter side and the receiving end. It’s
necessary to vary the attenuation values in order to get reasonable
value of BER. figure (2) shows the block diagram of B2B system.
let’s start with RZ encoder.

by changing the value of attenuation and calculating the
corresponding Q, BER, and the receiver optical power, all can be
seen in table (1):

3,,,,,:: s = === : i

| et .
F 3 l : Eye Diagrarm Analzer

RZPulse Generator
Duty eycle=10.5 it

Pseudo-Randorm Bit Sequence Generatar
Bitrate = 10e+009 Bits/s

Optial Powar Meter |

B
*f}: - Onfical Aftenuator
|

=0 dB
-—
CIW Laser Mach-Zehnder Modulator
Freguenty= 156252 nm Esinetion ratio= 15 dBl
Power=10 dBm

Low Pass Bessel Filter
Photodetector PIN Cutofffrequeney= 0757 Bit tate Hz
Responsiity= 0.9 AW
Dark current=10 nA
Thermal noise = 1.4300000000000004e-021 YiHz
Add shot noige = YES

Figure (2) B2B optical system in the case of RZ transmission encoding
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Table (1) RZ utilization

Attenuation dB | power dBm BER Q

22 -18.0571 | 8.38E-18 | 8.51351

22.5 -18.5571 | 1.53E-14 | 7.59459

23 -19.0571 | 6.21E-12 | 6.77427

23.5 -19.5571 | 7.56E-10 | 6.0421
23.5329 -19.5 1.00E-09 | 5.996732

24 -20.0571 | 3.52E-08 | 5.38871

24.5 -20.5571 | 7.66E-07 | 4.80573

25 -21.0571 | 9.05E-06 | 4.28562

25.5 -21.5571 | 6.58E-05 | 3.82165

Note:

The Q value is a measure of the eye opening.

after several steps of tweaking, and it was found that at receiver
power of -19.5 dBm power would give 1E-9 BER, which is the
best possible value of receiver sensitivity in terms of common
application. Figure (3) shows the eye diagram for optical pulse
power for a particular receiver power sensitivity.

By replacing the RZ transmitter in figure (2) by NRZ, and
repeating the same steps made before, but the attenuation values
will start with 20 dB and vary by 0.5dB increments; we find Q,
BER, and the power at every attenuation increment.

In table (2) attenuation values less than 20 dB were excluded
because they would give far away values of BER needed in our
tweaking process .Also receiver sensitivity was included in the
same table to avoid table repetition.
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Figure (3) eye diagram for -19.5 dBm sensitivity of the receiver, and

BER of 1E-9

Table (2) NRZ utilization

Attenuation dB | power dBm BER Q

20 -13.3239 | 1.60E-61 | 16.508
20.5 -13.8239 | 1.96E-49 | 14.7333
21 -14.3239 | 8.44E-40 | 13.1502
21.5 -14.8239 | 3.71E-32 | 11.7454
22 -15.3239 | 4.94E-26 | 10.4868
22.5 -15.8239 | 3.96E-21 | 9.36015
23 -16.3239 | 3.33E-17 | 8.35221
23.5 -16.8239 | 4.61E-14 | 7.45098
24 -17.3239 | 1.50E-11 | 6.64557
24.44821 -17.772 | 1.00E-09 | 5.99683
24.5 -17.8239 | 1.54E-09 | 5.92608
25 -18.3239 | 6.30E-08 | 5.28357
25.5 -18.8239 | 1.23E-06 | 4.70998
26 -19.3239 | 1.34E-05 | 4.19803
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Let us pick the values of attenuation, Q, and power at the BER=E-

9 and plot the related eye diagram as figure (4) shows.

o.s 1
¥ '

Je-005 de005

Amplitude (a.u,)
LI
2e-05

fe-00

0
i

o 0.5 1
Time (bit period)

Figure (4) eye diagram for -17.772 dBm sensitivity of the receiver, and
1E-9 BER

Now by having the receiver sensitivity from table (1) and (2) in
hand, it’s very feasible to find the power penalty by calculating the
absolute difference between the two values[3]:

Power penalty = |-23.5329-(-17.772)| =5.7609dBm.

The main goal of collecting all data in a table format is to do this,
plotting Power vs BER. Hence, the plots can be made using Excel.
As a result, encoding penalty emerged in tables (1) and (2) can be
expressed in plots as figure (5) shows.
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Figure (5) dual plot of Power vs. BER in RZ & NRZ application

The only change was made to B2B system is this, we just replaced
the RZ transmitter by NRZ one, and we made two tables of data,
the attenuation was applied differently in the two cases, for
instance (22,22.5,23,.....25.5in RZ case) &(20,20.5,21,......... 26
in NRZ case) respectively. What happened makes sense, and can
be interpreted. Also, from figure (3) it’s obvious that power
penalty has occurred because two different encoding techniques
were used. This power penalty turned out to be 5.7609dBm.

since we are dealing with a system calculating the average power,
not the instantaneous one, the system has to do with average power
of pulses. Since the RZ encoding technique keeps the zeros and
takes the half of every pulse equals to 1, we would have the half of
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the pulses if the original encoding was NRZ. So the power
calculated would be different, and so is the power sensitivity if we
are comparing the two cases on the same system. This was one
way affected the power budget and has to be at least taken in
consideration letting alone compensated.
After experimenting the B2B system, from now on the
transmission line between the transmitter and the receiver will be
extended. The same process can be done by collecting the results
in both cases "RZ & NRZ” to see how the power penalty emerge.
The used fiber is 100 km in length. By placing the optical fiber
after Mach Zhender Modulator, and connect the other end to a
photodiode.
The upcoming table (3) contains the data we got after adding the
optical fiber and keeping the system working with RZ transmitter.
Yet again and among many increments and tweaking processes,
we can directly extract the corresponding values of the receiver
sensitivity of E-9 BER to get the eye diagram illustrated in figure
(6). In addition, let’s do the plot of power vs BER, noting that we
will need the entire table for the final plot.

Table (3) RZ utilization

Attenuation dB | power dBm BER Q
2 -18.0571 | 6.94E-18 | 8.53535
2.5 -18.5571 | 1.32E-14 | 7.61417
3 -19.0571 | 5.50E-12 | 6.79179
35 -19.5571 | 6.86E-10 | 6.05778
3.5443 -19.601 | 1.00E-09 | 5.996689
4 -20.0571 | 3.26E-08 | 5.40274
4.5 -20.5571 | 7.19E-07 | 4.81827
5 -21.0571 | 8.60E-06 | 4.29685
55 -21.5571 | 6.32E-05 | 3.83172
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Figure (6) eye diagram for -19.601 dBm sensitivity of the receiver, and
1E-9 BER

Now we embed NRZ pulse generator instead of RZ, and varying
the attenuation from 0 to 6 in steps of 0.5 dB.

By running the code after sweeping the attenuation we get multiple
values of receiver sensitivity, and the other related values as table
(4) shows. However, all values were included as the following:

Table (4) NRZ utilization

Attenuation dB | power dBm BER Q

0 -13.3239 | 1.20E-61 | 16.5254

0.5 -13.8239 | 1.60E-49 | 14.7467

1 -14.3239 | 7.18E-40 | 13.1624

15 -14.8239 | 3.48E-32 | 11.7507

2 -15.3239 | 4.79E-26 | 10.4896

2.5 -15.8239 | 3.90E-21 | 9.36161
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3 -16.3239 | 3.31E-17 | 8.35305
3.5 -16.8239 | 4.59E-14 | 7.45139
4 -17.3239 | 1.50E-11 | 6.64568
4.4482 -17.772 | 1.00E-09 | 5.99683
4.5 -17.8239 | 1.54E-09 | 5.926
5 -18.3239 | 6.31E-08 | 5.28336
55 -18.8239 | 1.23E-06 | 4.70969
6 -19.3239 | 1.34E-05 | 4.1977

After getting all tables it’s possible to resume the analysis. From
the previous table it’s easy to plot the eye diagram graph as figure
( 7) shows considering the -17.772 dBm sensitivity:

o 0.5 1
r v L

dg.005

=
=
=

3q 1
3e005

Amplitude {a.u.)
2q 1
1e.005 26005

1qU

i

o oS 1
Time (bit period)

Figure (7) eye diagram for -17.772 dBm sensitivity of the receiver, and
1E-9 BER

Moreover, it’s worth doing to plot the power vs BER in both
simulations (when RZ P.G was applied on B2B system, and data
when RZ P.G was applied on fiber link system). This process
sound to be perfect to make sure what can possibly happen to the
data after adding the 100 km fiber link. Figure (8) shows the dual
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plot of RZ P.G usage effect on data in both sketches, B2B and 100
Km fiber link systems.
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Figure (8) dual plot of Power vs. BER in the cases of using RZ P.G
(tables (1) & (3)

As seen in figure (8) two plots appear to be identical, which means
there is no power penalty.

To confirm the result of zero power penalty by calculation :

Power penalty=|-17.772-(-17.772)|=0 dBm.

Again by following the same procedure, in cases of using NRZ
P.G applied on both optical systems (B2B and 100 Km fiber link).
Obviously, both plots from tables (2) and (4) are perfectly identical
as figure (9) reveals.
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Figure (9) dual plot of Power vs. BER in the cases of using NRZ P.G
(Tables (2) & (4))

Conclusion & discussion:

As seen from the analysis above the system did not suffer any
power penalty in the two situations, first after comparing RZ P.G
data in tables (1) & (3).Also for the use NRZ P.G in tables (2) &
(4) no power penalty was noticed. That turns out to the
characteristic of the optical fiber which allow the signal maintain
its strength and health similar to back to back system. Apparently ,
(100 km) optical fiber link has no effect on the optical signal
modulated by MZM fed by RZ P.G or NRZ as long as the
comparison is made under the same conditions, specially the
encoding technique (RZ or NRZ).In addition to that, power budget
and power penalty in optical systems are two different terms when
they are observed on the same system. However, the fiber link did
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not affect the power, nevertheless it can affect the signal reach by
increasing the loss for instance. This can be examined in further
studies.
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Abstract

Diabetes mellitus is the most common metabolic disease. Obesity
is a physiological variant which leads to various pathological
complications including Type-I1 diabetes mellitus.

Type-I1 diabetes mellitus, obesity and dyslipidemia are considered
as independent risk factors for coronary heart disease and
cerebrovascular disease. In this study is to compare lipid profile in
Type-1l diabetics with obesity & overweight and non diabetic
obese & overweight people, the control group. This study enrolled
48 obese & overweight Type-1l diabetes mellitus patients and 25
obese & overweight non diabetic controls of age 30-84 yrs and this
study, in (Diabetes & Endocrinology Center Hospital Tripoli —
Libya) were chosen. FBS, HbA;:. and serum lipid levels were
analyzed in patients. Serum Lipids and glucose were measured by
enzymatic method COBAS INTEGRA. HbA;:. was measured by
immunoturbidimetrically COBAS INTEGRA.

Statistical analysis was carried out using standard deviation and
chi-square from which ‘p’ value is derived, ‘p’ value <0.05 is
significant. Among 48 obese& overweight diabetic new patients
triglyceride levels were increased in 17 new patients, total
cholesterol levels were increased in 17 new patients; LDL-C levels
were increased in 31 new patients and HDL-C levels were
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decreased in 44 new patients. This showed not significantly
triglycerides, LDL-C and low HDL-C in type-1l diabetes mellitus
with obesity& overweight when compared to healthy control
group; there was no significant change in total cholesterol levels
between the two groups. This study showed strong evidence of
Type-Il diabetes mellitus associated with obesity leading to high
levels of lipids which aggravate the atherogenic process, leading to
increased morbidity and significant mortality compared to non
diabetes obese population. As diabetes is a chronic disease
intensive and prolonged medical management is required along
with hypolipidaemic drugs.

Keywords: Type-Il Diabetes Mellitus, Obesity, Lipid profile, BMI
(Body Mass Index), Coronary heart disease.

INTRODUCTION

Obesity and overweight is a medical condition in which excess
body fat has accumulated to the extent that it may impair health 1.
The degree of obesity is most commonly classified according to
the BMI [defined as the weight divided by the square of the height
(kg/m?)] Obesity refers to excess of body-fat which is due to
greater energy intake compared to the energy expenditure. Obesity
has been associated with an increased risk for metabolic syndrome
in adults (Lerario et al.,2002).

Diabetes mellitus: The World Health Organization (WHO) has
commented that there is 'an apparent epidemic of diabetes which is
strongly related to lifestyle and economic change’, Type-l and
type-11 are thought to be due to the interaction of genetic and
environmental risk factors .
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Diabetes mellitus is a chronic disease that affects the lives of
millions around the world. It is a metabolic diseases characterized
by hyperglycemia resulting from defects in insulin secretion,
insulin action, or both ¥,

Despite such a strong genetic component, a single gene defect is
highly unlikely to explain most cases of type-1l diabetes. Several
lines indicate that genetic Heterogeneity exists within the type-1I
phenotype. Thus far no single gene or locus has been
unequivocally confirmed for type-11 diabetes !,

The metabolic defects that ensue in obesity include increased
levels of free fatty acids resulting from insulin resistance,
increased LDL-cholesterol, VLDL and triglycerides and decrease
in HDL-cholesterol. It is most likely that presentation of increased
free fatty acids to liver as a function of obesity is primarily
responsible for over production of VLDL and this is probably the
key to increased LDL via the sequence: VLDL_ intermediate
density lipoprotein (IDL)_ LDL ! VLDL production has also
been shown to be directly related to insulin levels . and per cent
body fat [".

MATERIAL AND METHODS
Study design:

Case control study.

Target population:

The target population was type-Il diabetic males and females aged
30 - 84 years from diabetes and endocrinology center Hospital in
Tripoli - Libya.
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Sample size:

The Sample size was 48 type-Il diabetic new patients with obesity
& overweight and 25 obese and overweight healthy served as
controls. Patients and controls were matched for age.

Sampling:

A total of 48 blood samples were collected from type-Il diabetic
new patients, which were previously diagnosed according to the
current WHO diagnostic criteria for diabetes [*!, from the diabetes
and endocrinology center Hospital in Tripoli - Libya. The total of
25 blood samples were also collected from healthy persons who
were served as controls.

Specimen collection and biochemical analysis:

Blood samples were collected from 48 type -lIl diabetic new
patients and 27 controls. Fasting overnight venous blood sample
(about10 ml) were drawn by the researcher himself into vacutainer
plane tubes from all individuals. The blood was left for a while
without anticoagulant to allow blood to clot. Then, serum samples
were obtained by centrifugation at room temperature at 5000 rpm/
5 minutes.

Body mass index:

Body mass index (BMI) was calculated as the ratio of body weight
in Kg/height in meter square. The subjects were asked to remove
shoes and heavy clothes before measurement of weight and height.
Participant with BMI1=18.5-24.9 kg/m2 was considered to have
normal weight, Participants with BMI=25.0-29.9 kg/m2 was
classified overweight, Participants with BMI >30.0 kg/m2 was
considered obese®!.

196 Copyright © ISTJ 4B ghaa okl (G48a
;\mb ?3""“ @3.\1\ M



International

Science and Technology Volume 12 sl Sl Dbk ol
Journal

i ) . December 2017 s }&
4y aglall 4t gal) Alyal)

gy gt g iy

Determination of serum LDL

Principle

Homogeneous enzymatic colorimetric assay.

This automated method for the direct determination of LDL-
cholesterol takes advantage of the selective micellary
solubilization of LDL-cholesterol by a nonionic detergent and the
interaction of a sugar compound and lipoproteins (VLDL and
chylomicrons). When a detergent is included in the enzymatic
method for cholesterol determination (cholesterol esterase
cholesterol oxidase coupling reaction), the relative reactivities of
cholesterol in the lipoprotein fractions increase in this order: HDL
< chylomicrons < VLDL < LDL. In the presence of Mg*™, a sugar
compound markedly reduces the enzymatic reaction of the
cholesterol measurement in VLDL and chylomicrons. The
combination of a sugar compound with detergent enables the
selective determination of LDL-cholesterol in serum. In the
presence of oxygen, cholesterol is oxidized by cholesterol oxidase
to Ad-cholestenone and hydrogen peroxide .

detergent cholesterol esterase

LDL-cholesterol ester + H,O cholesterol+free fatty acid
(selective micellary solubilization)

cholesterol oxidase

LDL-cholesterol + O, A4 — cholestenone + H,0,
2H,0, + 4 — aminoantipyrine + HSDA + H* + + H20
peroxidase

——— purple blue pigment + 5 H20
The color intensity of the blue quinoneimine dye formed is directly
proportional to the LDL-cholesterol concentration. It is determined
by measuring the increase in absorbance at 583 nm.
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Reagents

Concentrations are those in the final test mixture.

Reagents Concentrations
B:

PIPES buffer 225 mmol/L

Mg® 10 mmol/L

Sodium cholate 0.6 mmol/L
4-amino-antipyrine > (.45 mmol/L

Phenol >12.6 mmol/L

Fatty alchol polyglycol ether 3%

CE Cholesterol esterase > 25pkat/mL (microb)
CHOD Cholesterol oxidase > 7.5 pkat/mL (E.coli)

POD Peroxidase > 12.5 pkat/mL (horseradish)
C: Empty

Determination of serum cholesterol

Principle

Enzymatic, colorimetric method [cholesterol oxidase (CHOD) /
phenol + aminophenazone (PAP) ] with cholesterol esterase,
cholesterol oxidase, and 4-aminoantipyrine ©®%. Cholesterol
esterase (CHE) hydrolyzes cholesterol esters to form free
cholesterol and fatty acids. Cholesterol oxidase (CHOD) then
catalyzes the oxidation of cholesterol to form cholest-4-ene-3-one
and H;0,. In presence of peroxidase (POD), the hydrogen
peroxide formed effects the oxidative coupling of phenol and 4-
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amino-antipyrine (4-AAP) to form a red-colored quinoneimine
dye.

CHE
Cholesterol ester + HO —— cholesterol + fatty acid
CHO
Cholesterol + O, —— cholesterol — 3 —one + H,0,

H,0, + 4 — aminoantipyrine + PhenolﬂQuinoneimine

+ 4 H20
The color intensity of the red quinoneimine dye formed is directly
proportional to the cholesterol concentration. It is determined by
measuring the increase in absorbance at 520 nm.

Reagents
Concentrations are those in the final test mixture.

Reagents Concentrations

CHOD Cholesterol oxidase
POD Peroxidase

C: Empty

B:

PIPES buffer 225 mmol/L

Mg*" 10 mmol/L

Sodium cholate 0.6 mmol/L
4-amino-antipyrine > 0.45 mmol/L
Phenol > 12.6 mmol/L

Fatty alchol polyglycol ether 3%

CE Cholesterol esterase > 25ukat/mL (microb)

> 7.5 pkat/mL (E.coli)

> 12.5 pkat/mL (horseradish)
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Determination of serum triglycerides

Principle Determination of triglycerides after enzymatic splitting
with lipoprotein lipase Indicator is quinoneimine which is
generated from 4-aminoantipyrine and 4-chlorophenol by
hydrogen peroxide under the catalytic action of peroxidase.

LPL
Triglycerides — Glycerol + fatty acid
GK
Glycerol + ATP — Glycerol-3-phosphate + ADP
GPO
Glycerol-3-phosphate +0, — Dihydroxyaceton phosphate + H,0,

POD
2H,0; + 4-Aminophenazone + 4-Chlorophenol — Quinoneimine + HCI + 4H,0

In the presence of peroxidase (POD), hydrogen peroxide effects
the oxidative coupling of 4-chlorophenol and 4-aminophenazone
to form a red-colored quinoneimine dye, which is measured at 512
nm. The increase in absorbance is directly proportional to the
concentration of triglycerides in the sample.

Reagents Concentrations

B:
Pipes 50mmol/L
pH 6.8
Na-cholate 0.20mmol/L
ATP 1.4mmol/L
4-aminophenazone >0.13mmol/L
4-Chlorophenol 4. 7mmol/L
LPL (microb.) >83 pkat/L
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GK (microb.) >3 pkat/L
GPO (E.coli) >41 pkat/L
POD (Horseradish) 1.6 pkat/L

Determination of serum HDL

Principle

Homogeneous enzymatic colorimetric assay.

In the presence of magnesium sulfate and dextran sulfate, water-
soluble complexes with LDL, VLDL, and chylomicrons are
formed which are resistant to PEG-modified enzymes. The
cholesterol concentration of HDL-cholesterol is determined
enzymatically by cholesterol esterase and cholesterol oxidase
coupled with PEG to the amino groups (approximately 40%).
Cholesterol esters are broken down quantitatively into free
cholesterol and fatty acids by cholesterol esterase. In the presence
of oxygen, cholesterol is oxidized by cholesterol oxidase to A4-
cholestenone and hydrogen peroxide 3.

HDL-cholesterol esters + H,O

PEG-cholesterol esterase

HDL-cholesterol + RCOOH

PEG-cholesterol oxidase

HDL-cholesterol + RCOOH+0, A4-cholestenone + H,0,
2 H,o, + 4-aminoantipyrine + HSDA +H™*

peroxidase

—— purple blue pigment + 4 H,O

The color intensity of the blue quinoneimine dye formed is directly
proportional to the HDL-cholesterol concentration. It is determined
by measuring the increase in absorbance at 583 nm.
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Reagents

Concentrations are those in the final test mixture.

Reagents Concentrations |

B:
MOPS
pH
HSDA
PEG
C:

pH

CE (microb.)

4-aminoantipyrine

CHOD (microb.)

20.1mmol/L
6.5
0.958mmol/L
> 167pkat/mL

6.5

2,46mmol/L
> 50ukat/mL
> 33ukat/mL

Results

Table 1: Age, BMI and gender wise distribution of Type-I1 Diabetes

Mellitus (T2DM) and healthy control groups

Age (years), Mean | g 304 157 46.64 +13.5
+SD
BMI (Kg/m?)
+ +

Obese Weight 37.16+ 6.1 3457 +5.3
BMI (Kg/m?)
Overweight 27.58+1.49 27.40+1.32
Weight
Males (n)% 25 (34.2%) 13 (17.8%)
Females (n)% 23 (31.5%) 12 (16.4%)
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Serum analysis:
Table 2: Comparison of mean values of variables in Type -l
Diabetes Mellitus (T2DM) and healthy control groups

Parameter New Healthy
mg/dl Patients Control
(n=48) (n=25)
Mean £tSD  Mean £SD
204.09+

FBS 797 9258+ 17.7 7.52 0.001
HbA. 9.69+ 1.9 54+ 04 11.03 0.001
HDL-C 34.6£18.6 27.5x125 192 0.310
+
LDL-C 118.2¢ 1275+33.0 116 0.734
31.0
Triglyceride égﬁéli 1545+ 84.0 1.01 0.372
Cholesterol ;277'91 181.6+29.3 0.83 0.698

(Reference range of FBS =70-110 mg/dl. Reference range of
HbA;. = 4-6 mg/dl. Reference range of Cholesterol = 50-
200mg/dl. Reference range of Triglycerides = 50-200 mg/dl.
Reference range of LDL-C = 10-100 mg/dl. Reference range of
HDL-C above 55 mg/dl normal.)

DISCUSSION

This study was conducted on 48 obese & overweight type-II
diabetes new patients and 25 obese & overweight age matched
controls. Age, BMI and gender of the study group was shown in
table no.1. The estimated levels of lipid profile in obese &
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overweight type-Il diabetes and obese & overweight non diabetic
cases along with fasting blood sugars of obese & overweight
T2DM were shown in table no.2. It is seen from the table that there
was no significant difference in cholesterol levels between obese
& overweight T2DM and obese & overweight non diabetic cases;
in both groups cholesterol levels were raised. The levels of
triglycerides were no significant difference in T2DM with obesity
& overweight when compared to obese & overweight controls.
Serum HDL cholesterol levels were no significant difference. In
both groups the LDL-C levels were no significant difference. The
fasting blood sugars in both the groups were within normal limits
and very high significant difference.

The fast sugar FBS levels in 63.0% of obese & overweight T2DM
new patients and 2.7% of obese & overweight non diabetics
showed increased values. The HbA/. levels in 64.4% of obese &
overweight T2DM new patients. The triglycerides were increased
in 23.3% of obese & overweight T2DM new patients and 5.5% of
obese & overweight non diabetics showed increased values. The
cholesterol levels in 23.3% of obese & overweight T2DM new
patients and 6.8% of obese & overweight non diabetics showed
increased values. The LDL-C levels were increased in 42.5% of
obese & overweight T2DM, where only 27.4% of the obese &
overweight non diabetics had increased values. The HDL-C levels
were decreased in 60.3% of obese & overweight T2DM, whereas
only 34.2% of the obese & overweight non diabetics had decreased
values and were shown in figure no.1

Obesity, Dyslipidemia and Diabetes were considered as
independent risk factors for coronary vascular disease and is
associated with high amount of morbidity and mortality. Even
though they were independent risk factors, the three entities were
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closely related i.e. obesity leads to insulin resistance which in turn
causes type-11 diabetes and both together leads to dyslipidemia.
ADA (American diabetic association) and AHA (American heart
association) have declared that diabetes is considered a coronary
artery disease (CAD) equivalent and patients should be started on
treatment for secondary prevention of CAD ™. According to
guidelines of the ADA and the AHA, the target lipid values in
diabetic individuals (age >40 years) without cardiovascular disease
should be as follows: LDL < 2.6 mmol/L (100 mg/dL); HDL >1
mmol/L (40 mg/dL) in men and >1.3 mmol/L (50 mg/dL) in
women; and triglycerides <1.7 mmol/L (150 mg/dL). In patients
>40 years, the ADA recommends addition of a statin, regardless of
the LDL level in patients with CHD (coronary heart disease) and
those without CHD, but who had CHD risk factors. The findings in
this study showed that the obese & overweight T2DM new patients
had not differ significantly serum triglycerides, LDL-C levels,
HDL-C levels and serum Total cholesterol levels when compared
to obese & overweight non diabetic cases. but observed LDL-C
levels increased in Healthy Control and HDL-C levels decreased
in Healthy Control. The serum Triglycerides levels and Total
cholesterol levels were increased in new Patients without
significant ‘p’ value. similar results were also seen in others but
their HDL-C levels did not differ significantly 34, The studies of
Santen et al (1972) and Peret et al (1974) observed mean serum
triglyceride levels higher in obese diabetics in comparison to obese
control subject > Sharma (1970) and Jain (1980) observed
increase in the levels of serum total cholesterol, serum
triglycerides, and serum phospholipids in diabetic subjects when
compared to normal controls 781,
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Because of the high blood sugar caused by the inability of the
hormone insulin to enter the glucose to the cells of the body to take
advantage of it or the insufficiency of insulin itself, and this leads
to burning body fat and muscles to get energy, as the body can not
take advantage of glucose entering the body through food. This
weight loss is quick and unintended by the person, and has
negative effects because it includes the decline of muscle mass in
the body that burns to get energy, which leads to weakness. This is
why the values of lipid profile that is low in the new patents are
more valuable than healthy ones.

CONCLUSION: As diabetes is a disease of self management,
appropriate nutrition (low calories, low carbohydrates, and low fat
with high fiber diet) regular physical activity and proper
medication to achieve good glycaemic control have to be followed.
Patients of diabetes with obesity & overweight management are a
key factor. as it is well established that reducing total cholesterol
and LDL cholesterol levels can significantly reduce the risk of
CHD morbidity and mortality; aggressive therapy of
hyperlipidaemia / dyslipidaemia can help to reduce the epidemic of
premature coronary artery disease 2. HMG CoA Reductase
inhibitors (statins) should be used to achieve LDL goals ™. Life
style modifications like regular exercise, quitting smoking and
alcohol along will help the diabetic patients to live a better life 2%,
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1. ABSTRACT

The turbine of an automotive turbocharger is essentially one of the
elements in the exhaust system which lies between the engine and
the silencer. it has a passive effect on the propagation of the
primary exhaust noise. This paper presents a preliminary attempt
to create a one-dimensional model to predict the characteristics of
the flow through the turbine of a turbocharger. The model is a
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purely fluid mechanic one, without recourse to any empiricism
such as a turbine map. The research outlines the development of a
redial turbine model for a turbocharger that can be used to
inexpensively analyze turbocharger performance. The model is
being developed with the intent to reduce the time taken by
experiments to help engineers in matching a turbocharger with an
engine, a task which is a key step to engine emission reductions.
The model uses a coupled system of one-dimensional continuity,
momentum and energy equations to analyze the turbine of a
turbocharger. The governing equations have been solved
simultaneously using a predictor corrector numerical scheme. For
this purpose a computer code written in C++ language have been
developed. The program calculates all flow fields (velocity,
pressure, temperatures,..ie) for the turbocharger model, which can
be used as a cost-effective engineering tool for preliminary
turbocharger testing during engine upgrades and modifications.

Keywords: turbocharger, I.C. engine, redial turbine model,
predictor corrector numerical method, N.S equations.

2. INTRODUCTION

The turbocharger can be described as a turbine driven compressor
that is used to increase the air flow rate into an internal combustion
engine. This is done by using the compressor to compress air and
increase the air flow into the cylinders of the internal combustion
engine. Since the very beginning of the 20th century, inventors and
industrialists alike have looked for ways to boost the performance
of engines. As surprising as it may seem, the typical piston engine
converts only about 1/3 of its potential energy from fuel into useful
work. The remaining energy is lost to other forces such as friction
and cooling losses. A major part of the potential energy is simply

210 Copyright © ISTJ 4B ghaa okl (G48a
;\mb ?3""“ @3.\1\ M



International

Science and Technology Volume 12 sl Siomre sed Torhasis sl
Journal

i ) . December 2017 s }&
4y aglall 4t gal) Alyal)

gy gt g iy

wasted out the exhaust. Fortunately for us some early inventors
found the power boost they were looking for. They found it in the
form of turbochargers and superchargers. The compressor is driven
by a turbine that extracts energy from the exhaust gases of the
internal combustion engine and then converts that energy to shaft
power. Figure (1) illustrates centrifugal compressor and radial
turbine turbocharger. The arrangement is ideal because the
compressor is not using power from the engine drive shaft or any
other external power source. Turbochargers are efficient in that the
turbine utilizes the exhaust gas energy that is typically rejected to
the atmosphere in the case of a naturally aspirated engine [1-2-3].

Turbochargers increase the power output of internal combustion
engines by increasing the air to fuel ratio entering into the piston
cylinders and are in common use for automobiles diesel engines,
trucks and marine applications. Diesel engines have lower power-
to-weight ratio compared to gasoline engines; thus, turbocharging
becomes the most suitable way to improve performance [4].

Turbochargers are one of the most important components of diesel
engines. They increase the power output to the engine weight ratio
and the efficiency. Using twin-entry radial flow turbines in
turbocharging systems of small diesels gives the possibility of
using the energy of pulsating exhaust gases, and is a very common
practice. Despite its importance, there are not many research
activities in the area of twin-entry turbocharger turbines [6-7].

The one-dimensional modeling of the single-entry radial turbines
has been studied by many authors for the preliminary design
procedure and is simpler and easier to use. However, modeling of
the twin-entry turbines has not been the center of the researchers’
attention [5].
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Figure (1). Cut-away view of centrifugal compressor and radial turbine

turbocharger (Engine Logics Inc.)[5]

Turbochargers are one of the most important components of diesel
engines. They increase the power output to the engine weight ratio
and the efficiency. Using twin-entry radial flow turbines in
turbocharging systems of small diesels gives the possibility of
using the energy of pulsating exhaust gases, and is a very common
practice. Despite its importance, there are not many research
activities in the area of twin-entry turbocharger turbines [6-7].

The one-dimensional modeling of the single-entry radial turbines
has been studied by many authors for the preliminary design
procedure and is simpler and easier to use. However, modeling of
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the twin-entry turbines has not been the center of the researchers’
attention [5].

The performance of the turbine for the non-pulsatile computations
have been compared with measured performance for the same
geometry and the computations slightly over predict the pressure
ratio and the shaft power for a given mass flow rate. The
discrepancy between the measured and computed turbine
performance were attributed, to uncertainties in the walls boundary
conditions [8].

This paper focuses on developing an efficient modeling approach
to model flow behavior and energy transfer through the redial
turbine turbocharger, which can be used to:

* Calculate individual component of flow properties based on a
given initial conditions and turbine geometry.

* Validate the model using experimental data for a selected radial
turbocharger turbine published by Volvo.

+ Estimate the physical characteristics and performance of the
different internal components of the turbocharger for varying
operating conditions, such as velocity, pressure and exhaust
temperature.

A search of the open literature has shown that a complete model of
a turbocharger matching system is not in public existence.
Therefore developing a turbocharger matching system is of great
interest. To develop this turbocharger matching system as
mentioned earlier, a compressor model and turbine model need to
be developed independently and then used as a complete model for
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a turbocharger matching system. This paper describes the turbine
modeling process and validation.

3. Governing Equation:

The turbine can be considered as being composed of three separate
sections, a volute, a rotor and a diffuser, see Figure (2).

Hnlct flow

olute

Figure (2): Sections of the Turbine

In each section, the required equations for one-dimensional flow (x
— direction) have been solved through a tube of varying cross-
sectional area A(x). The rotor consists of a number, say n, of
identical curved blades with n flow passages between them. We
consider the entire flow through the volute and diffuser to be
distributed evenly between the n rotor passages. The local flow
direction is the same as that of the blades which rotate with the
rotor at an angular velocity @. The flow velocity u has been taken
to be the relative velocity component in x-direction. The full
equations of conservation of mass, momentum and energy
pertinent to all three sections of the turbine can be written as [9]:
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2 (pu) = - 22 (1)
%(puz) +Z—z= _pTuZ(;_i_i_ p(f, — fp) ()
% (hpu) = - %Z—i + pufy )
Where p is the density, P is the pressure, h = u; + p()y/:) :

A

3 .. . 4A .
£ =57 IuTI is the wall friction per unit volume, d = - s the
p

cross-sectional diameter and f;, is the body force given by:

dr
fy, = r @? e in rotor
X

fo=o otherwies

In the above equations y is the ratio of specific heats and r(x) is
the radial distance of the 1-D flow line from the axis of rotation.

4. Steady-Flow Analysis:

The steady-flow solutions to the coupled system of governing
equations are sought in order to determine the background fluid
properties for all x in the above equations. We assume that all
geometrical data is known, in particular A(x) throughout the
turbine and r(x) through the rotor. All the fluid properties at the
inlet to the volute are assumed given (A Liner Acoustic Model of
the passive Effect of The Turbine of An Automotive
Turbocharger) [10]. Solution for the flow properties as a function
of distance x throughout each section of the turbine then follows
from use of a two-step, predictor-corrector forward finite
difference scheme. Matching conditions at the volute-rotor and
rotor-diffuser boundaries are also required in order to progress the
solution from one section of the turbine to the next. At both
boundaries, continuity of pressure, temperature and mass flow rate
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is enforced. At the volute-rotor boundary, the outlet flow angle
from the volute is assumed known together with the assumption
that the flow through the rotor follows the blades, which is
sufficient to determine the rotor speed. It is possible to determine
the overall performance parameters from this analysis, such as the
torque and power output of the rotor.

5. Turbocharger layout:

The radial turbine of the turbocharger is divided to subsystems as
shown in figure (3).

N | A

r Flow h |

| o TN |

| Roger |

| Valute Noale A |
ﬁﬂ |
® | |
| |

| |

S P P S S S P Py S P S F S S S Sy S — I

Figure (3): The components of radial turbine of the Turbocharger

6. Assumptions:
The following main assumptions were considered:

1. Compressible flow.

2. ldeal gas behavior.

3. The flow is one-dimensional along mean stream line in the
rotor.
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4. The relative flow velocity at the rotor inlet and exit remains
constant.

5. The Body force f,, has a value at the rotor only and equals
zero elsewhere.

7. Boundary Conditions:

The inlet pressure, temperature and mass flow rate were given at
the inlet. The rotor inlet and exit boundary conditions are defined
as following:

7.1 Rotor Inlet Boundary Conditions

Figure (4) illustrates the velocity diagram at the turbine rotor inlet.
The continuity equation is considered under the assumption that
the fluid in the rotor flows along the rotor blade. The flow coming
from the volute will go between two blades and the mass flow rate
was conserved.

7.2 Rotor Exit Boundary Conditions

Figure (5). In case of forward flow from the rotor to the
surrounding atmosphere, pressure at the rotor exit P, may be equal
to the atmospheric pressure P,. In case of forward flow from the
surrounding atmosphere into the rotor, the following conceptions
are applied: (a) suction flow at the exit is in the direction of the
rotor axis; (b) momentum flux in the direction of the rotor blade is
conserved if forces at the tip of the rotor blade are ignored; (c) the
flow state variables change isentropically in the external region of
rotor exit. Basic relations at the boundary then become as follows,
taking the reverse flow direction as the positive direction.
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Figure (4): Velocity diagram at Figure (5). velocity diagram at the
rotor inlet turbine rotor exit

8. Numerical Solution:
The coupled system of governing equations were analyzed,

discretized and written in a matrix form and solved using a
computer program written in C++.

9. Results and discussions:

Experimental Results:

As an industrial tool used by Volvo Company for testing and
development of IC-engines, AVL-Boost simulator has been used
for an identical case of flow through a turbine of a turbocharger to
verify the validity and accuracy of the constructed model. The
AVL-BOOST simulator enables a detailed simulation of the entire
engine, including the complete intake and exhaust systems. The
calculated flow properties through the turbine of a turbocharger
have been compared to their corresponding values obtained by the
simulator AVL — Boost. Figure (6) shows the simulator model for
the D12 engine, which is based on drawings obtained from
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VOLVO. The system boundary SB 1 models the outlet of the air
cleaner which is connected by pipel to the compressor. Pipe 2
connects the compressor to the charge air cooler AC1. Further on,
pipe 3 guides the compressed air to the plenum PI1, which
represents the intake manifold modeled by pipes 4-9. These pipes
cover also the length of the intake ports [10].

The exhaust manifold including the ports is represented by the
pipes 10-17 and the plenums PL2 and PL3. Downstream of the
turbine pipe 18 leads the exhaust gases to the system boundary
SB2 which models the inlet of the exhaust silencer [4].

q
co E
phiP1
10

sB1 Pl
b

yo

| PL1

F

Figure (6): Boost calculation Mode.

10. Flow model validation

The program was tested for a simple one dimensional case which
considers flow through a diverging — converging duct. The
resulting flow properties are compared together with the measured
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flow properties in table (1). The table shows a very good
agreement between the computed and measured flow properties

[1].

H\\\

| —
M=0.22 i T m
P=2200KPa____ P
T=475C i P T
D=0.3m I S D=0.25

H /./

i "

I —

H

=

L=0.8m

Figure (7): Pipe for test case.
Table (1). Results predicted by the program and ordinary case.

Predicted by The Program Ordinary Case
M 0.5273 M 0.521
P 1643 kp, P 1654 kp,
T 873 ¢’ T 870.2 ¢’
Ty 937 ¢’ To 932.2¢’

11. Results and discussion
Table (2). The inlet flow properties used in the modeling approach

Property unit value
Specific heat capacity Cp kJ/kg.K 1.00000
Constant volume Cv kJ/kg.K 0.71428
Ratio of specific heat Gama [y] [-] 1.40000
Universal gas constant R [-] 245.000
Absolute flow angle Alpha (a) degree 21.0000
Relative flow angle betha 3 [-] 28.0000
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Table (3). Computed steady state results compared to their
Experimental values.

8 e 8o e 0
35 =1 3 S S S
. . ea 25 g So
Quantity Unit g o 3a g5 35
=33 58 58 S g
93_3 D 5"_) D S?_) 8- S"_J 8-
Location [mm] - 45.000 - 0.000
static inlet
pressure [bar] 2.46540 - -
Totalinlet |y | 252082 2466 0.78510 1.127
pressure
Inlet static
temperatu [K] 997.60000 997.600 784.49829 868.700
re
Inlet [m/s] | 106.32850 114.600 115.77307 105.700
velocity
Mass flow | [kg/s] 4920 - 0.492
Inlet
speed of [m/s] 584.95880 - - -
sound
Inlet
Mach [-1 0.18177 0.190 0.22318 0.180
number
Density | [Kgim?] - - 0.40847 -
Angular [rpm] ; ) 97007.1747 i
speed (o) 3
Torque [N.m] - - 8.28841
Power ] 84198.3655
) ) 0

12. Computed Flow Properties through the Turbocharger
Figure (8) presents experimental and theoretical (computed)
density behavior inside the turbine. A reverse relationship between
density and distance has been observed. As distance increases the
density decreases along the turbine but it stays constant along the
fourth part of the turbine passage up to the turbine exit.
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Figure (8): Density (p) as a function of (x).

Figure (9) shows experimental and theoretical (computed) velocity
behavior through the turbine. Predicted flow velocity profile
shows a good agreement with the expected behavior, where its
values increase as the cross-sectional area of flow passage
decreases. As the flow enters the rotor, its velocity is subjected to a
sudden deceleration. As the flow leaves the rotor, its velocity does
not change and remains constant up to the turbine exit.

300

250

200

150

——Theoretical

u(m/s)

100
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50

0 005 01 015 02 025 03 035 04 045 05

Figure (9): Relative velocity component (u) as a function of (x).
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Experimental and theoretical pressure variations inside the turbine
can be seen in figure (10). The figure reveals a reverse relationship
between pressure and distance where pressure values decrease as
the distance increases in the downstream direction. The predicted
pressure in the part 4 of the flow through the turbine passage
presents a similar behavior as the pressure values given by the
simulator, where it remains constant until the flow passage end.

300000

250000 =

200000 ——

P (bar)

150000 +—

- ——Theoretical

100000 ——Practical

50000

0

0 005 01 015 02 025 03 035 04 045 05

X(m)
Figure (10): Pressure (P). as a function of (x).

Figure (11) demonstrates experimental and predicted temperature
behavior inside the turbine. The figure shows that there is a reverse
relationship also between temperature and distance, where
temperature decreases as distance increases through the flow
passage A2 shown in figure (5). The temperature is kept constant
beyond this point till the turbine exit.
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Figure (11): Temperature (T) as a function of (x).

Figure (12) shows practical and theoretical Mach number profile
inside the turbine. The given profile of Mach number indicates that
the flow velocity inside the turbine is less than the sound speed
which is in a good agreement with the practical situation.

0.5
0.4
03
Ma .
0.2 «=Theoretical
= Practical
0.1
0
0 005 01 015 02 025 03 035 04 045 05
X(m)
Figure (12). Mach number (Ma) as a function of (x).
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13. CONCLUSIONS

In this study a numerical model for a steady flow through a radial
turbocharger has been constructed and tested successfully. The
resulting flow behavior through the turbocharger have been
analyzed and investigated. The computed results were compared to
their corresponding experimental values and a good agreement
between the experimental and the computed flow behaviors were
found The comparison between the computed relative velocity and
the measured values of the relative velocity shows an increase in
the prediction error produced by the resolution procedure.
However, it is difficult to make a numerical turbine model to
describe, both of mass flow rate and output characteristics of the
turbine which can be agreed with the characteristics of a real
turbine.
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Abstract:
This paper will study Modeling and Control of Servo Rig using
system identification tool box to model the system ,and applying
adaptive control in order to have a good control over the (position
and velocity) of Servo Rig . Firstly, illustrating how we can
produce a mathematical model represents the chosen variable
states (position and velocity) of the actual process (servo rig) via
estimate the parameters of this model by choosing the best
structure which will minimize Significance measure (S)which in
turn should reduce the cost (YIC) in order to decrease the error
between the identified data and the actual data. Secondly, applying
an adaptive control to find appropriate controller for the process by
using the models which will be estimated in part one; therefore we
will study two different controllers (Pl &PIP controllers) by two
different identification methods. The first one is based on (STPI)
Self Tuning method to calculate the settings of the PI controller
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automatically using the program (th_m_mex) for both velocity
and position variable states, and applying these settings on the
Simulator and the servo rig at the same time to yield a comparing
response, and according to this result which is between the
produced model response and the actual model response we will
decide if the self-tuning method is suit for both variable states or
only one of them, consequently, we will apply PIP controller
which based on a Non Minimum State Space (NMSS)
representation as an alternative method in case of the self tuning
method did not give an acceptable response.

—: Ledlal
plaaiuly (Servo ) ¢liae B aSaill g Aadaill Auhyy Haw A8yl o3a
adaptive ) Gulsi 5 oUaill a d3dal (- system identification)
sl (Aepull 5 sl ) e ST s oSa5 e Jgeasll (- coNtrol
Ol (Model ) o alall byl Gudaill lajd @llia ¢sSm Ysl
ciiall Jatll s 3 el (pagally dejull) o S 5pia Vs
S5 Juadl Hlaaly ((Model ) J gy cdlabee il ph e clly
cost s Jl& Wy Al 5 Significance measure (S) Ji& il
Gukio Wl . dgsl) a8l 5 ddjeall a8l Gn sUaall Jdal (YIC)
pladinly Judill culidl oSl e Juasll adaptive control
Casu 3] 5 A)gl o2 e JsY) ejall 8 oy S Al models
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Lalall clalacy) oda Badai oy 23 (e g ¢ Burie Jardd OV ( pagall
& laaay) Aled a8l i 8 servo rig 5 Simulator i aSanally
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Jsanll axe Ala 8 (NMSS) aSaiall Guda iy Coges .+ Jaid Laalas]

(STPI &yl ehs;mi [SZJETENPUER i

Introduction:

Is it widely believed that electrical motor servo systems are
indispensable in modern industries, for instance, they are used in
robotics, electrical vehicles and automated factories. [1] Therefore
most machines that have rotating parts include one or more servo
control systems. Consequently a Servo Control System is one of
the most significant forms of control system, In view of its many
good characteristics, such as, high response performance, high
start torque characteristics, and easy to be linear control it is used
widely spread in speed control systems that need high control
requirements.

1-System Identification:

System identification is basically about building models for the
system from data, so we need to collect data for the process (Servo
Rig). The model is a mathematical description of system behavior
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under specific situations. There are no general methods to get the

models of the process.

In our experiment laboratory the mechanical system (position and
velocity) has been chosen as state variables to use them to give the
data which will represent the Servo Rig, by using the SimuLink

model .

1.1- Models for dynamic system.

First of all we should represent, briefly, some of models for
dynamic system in general case as a guideline for constructing the

pulse transfer function model, as shown in fig (1) .

e -

-1: FPROCESS

I &t e akeoen
Mathod

T
L 2

— -

MOCFEL

|

- ','..ll[:l

Figure (1): Basic Concept of Identification.

+ Moving Average model (MA).

Yo =bu,+bu_  +bu. S+ (1)
¢+ Auto-Regressive model (AR).

Yo=ay, 1ty ot )
+» Auto-Regressive -Moving Average model (ARMA). [2]

In practice the output, Y , , consists of (inputs and outputs).

Yo =ay 1 FaY ot +oUn +ou, b S+, (3)

Thus the pulse transfer function model is:
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u@z) 1+azt+az?+..+a,2"

The equation, (3), is the general model structure. And
8,8, bbb, ....... are the coefficients (parameters)

which should be calculated to build the pulse transfer function (4).
Noting that, the data which collected from the real process will be
contaminated by noise, therefore the model structure will be
affected by noise to yield different results (error) from the
expected. Our calculating program for the parameters will use a
technique known as Least Squares (LS).

1.2- Least Squares Technique (LS).

Least Squares technique or (non-recursive least squares) is used
to overcome the problem of noise by reducing this error between
the model output and the actual data via minimize the significance
measure (S) in the equation (5) bellow.

r 2
S=>(y; —x] ) (%)
i=1
By the differentiating the equation (5) dSA respect to @ will yield:
do
|
Hz[XTxJ xTy (6)

Where theta (€ ) is the parameters, X is the known data vector
and Y is the observation points.

pr:[XTxJ1 or pr=invert[xTxJ n (7)

The equation (6) is the minimum of (S) known as Least Squares
formula.
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1.3- Recursive Least Squares Technique (RLYS).
It would be better if the old point (last information) take account of
the new information. Therefore, the modified equation is;

0r+1 Zer +kr+l|:y r+l_XI+19r:| (8)
err+1
= 9
r [1+XI+1err+l] ( )
pr :[pr _kr+1XI+1pr] (10)
Where: r=0,1,2,; 6=0 ; P, =10 " & ;

q=eye (n); n=n,+n,

1.4- Sampling Time Selection.

Too long sampling time causes lost of information because of
some of important information will be passed. Too short sampling
time causes all meaningful information will be lost because the
changes in the output will reach the noise level of the system. So
the selection of sampling ~ time should be correctly.

The sampling time can be calculated if we know the rise time of
the process. The sampling time should lie in the range

T, T,
lLS*<TS <%. We can derive the sampling time which we

choose from the transfer function in continuous time case after
convert the produced model from discrete time case to continuous
time case by using (ZOH). [3]

1.5- Quality of Model Fit.

It gives an idea about how well the produced model fits the real
model of the actual process. The fit explain how much the
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estimated model (blow curve) matches the actual or measured
output data Y (PP &V ) (black curve), see figure (2). [4]

Measured and simulated model output

Best Fits

o1l ’ﬂ ’, ) A - i

oA 1 I 1 I | I | | 1
0 2 4 3 8 10 12 14 16 18 20
Time

Figure (2): The fit between the model output and the actual output data

The fit is given by the equation,

fit =100*(1-R)% (11)
Where: R is the ( fit measure ) or ratio of the error variance Gez
to output variance oy .

The ratio R is given by Equ. (12).
2

R=2; (12)

2
GY

(where R Programmed as: r =sigma_e/sigma_y),

Where: sigma_e =var(y -yp); sigma_y = var(y)[4].
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1.6- Estimate the model.

For building models should estimate the parameters via select the
best structure which will give best fit, therefore the next three
SimuLink / Matlab programs have been used for that purpose:
ssData Collection using SimuLink model of servo-rig,
(data_collect_siac.mdl).

+«»+Data condition using the Matlab program (datacond.m).
«»Structure selection using the Matlab program (yic.m).

1.6.1- Data Collection.

In order to be able to design a controller for any system we should
have its transfer function, and the transfer function needs to be
identified by known parameters, and those parameters will be
estimated by using the data which represents the actual system
(servo rig) via position or velocity stats. Therefore we have used
the SimuLink file (data_collect_siac.mdl) to collect the data by
take a sample from the real process each period of time (the
sampling time) and export them to the workspace to be ready for
identifying.

1.6.2- Data condition.

Basically, it is data differencing and filtering. The purpose is to
overcome the offset of the collected data in order to having its
initial value starting from zero by using the command
(dataout=datacond(datain,alpha),where: dataout is filter data,
datain is input data and alpha is filter constant (O<alpha<l). See
figure (3).
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Figure (3): Data condition

1.6.3- Structure Selection.

< The structure of the discrete time model (ARMA model,
Equ.(4)) is specified by three values, nn=(n,,n, ,n,) or
(b,q,d),where ngand n, are, respectively, the range of
denominator and numerator parameters of the model and n, is

the delay(first none zero element in the numerator), Equ.(4).
+» Different structure will give different fits and parameters.
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¢+ The best range of industrial processes of the parameters are :
[1<n, =5, 1<n =5, 1<n, >9], (In this report we chose
5,5,5 as maximum range of the parameters).

% The program [yic.m] - (YIC, "Young Information Criteria')- will
select automatically the best three structure by searching through a
number of structures.

% The program uses the next function to calculate and select the
structure values.

[best_nn, best_score, best_fit] = yic(y, u, na, nb, nk)
Where: (y) is the process output which is (PP for position and VV
for velocity), and (u) is the process input which is (uu).

+¢+ This program will balance the two factors [fit measure (R) &
parameter significance measure (S)] using the next formula:

YIC =log(R)+1log(S) (13)
< Where R is defined previously Equ,(12).

1 o2 xTx (i)
S==) & 7
n ,Z:;' 07

n=p+q+1-d (14)
Where: p=n, ,q=n, ,d=n,

(S Programmed as: s = mean(abs(sigma_i)./theta.*2)
Where: sigma_i = diag(pr)*sigma_e, & p, = X' X (ii).
And theta is the parameters (a,,a,,........ y by, ), see Equ.(8).

« Producing the( theta ,y  ,p, ) is by using another function
which is: [theta, yp, pr] = rlss(y, u, i, j, k).

Where: (i, j and k) are the selected structures.

¢+ The best selection of structures will give the smallest value of
YIC Equ.(13) or as alternative way will give the highest value of
score, ( score =50-YIC).
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+¢+ Finally, using the command ident in the Matlab for importing
the data (pp, vv, uu) which has been collected from the process
(servo-rig) to System ldentification Toolbox to estimate the model
and calculate its fit.

Now, we will apply these concepts on both the simulation and the
servo-rig and consider the results of both outputs (velocity &
position) to extract the discrete transfer function of each output.

1.7- Estimate model of Velocity (vel) state.

¢ Collecting data using the file (data_collect siac.mdl). See
figure (4).

The main base of constricting model which represents the servo-
rig is to try to collect the best data as much as we can, by repeating
the incremental build till we get best fit.

. o | Analog Analog
"1 output Input

Step

Froduct
reau 420 mA out Flow

Mezsurement Computing  Measwrement Computing
PCI-DAS100Z [auto) PCI-DAS1002 [auto)

prbs

pos

FPRBS generator

Constant To Workspace2

To Workspace1 Analog
Input
u P
* Flow Scope2
Scopel Mezsurement Computing
FCI-DAS1002 [auto]
vel
!
C To Workspacesd

Clock To Workspaced

Figure (4): Collecting data of servo-rig

When the data being collected successfully, we should save it by
using the command: >> save siac.g3 u vel pos. where siac.g3
just choosing file name for saving data.
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«¢+ After that, we need to condition the data to overcome the offset
to make the initial value starting from zero, see the figures (5)
below and using the commands:
>> yu=datacond(u,0.5);
>> yv=datacond(vel,0.5);
>> pp=datacond(pos,0.5);
>> plot(t,u,t,vel,t,vv)
>> plot(t,u,t,uu,t,vv)
>> plot(t,u,t,pos,t,pp)
>> plot(t,u,t,uu,t,pp)
>> plot(t,u,t,vel,t,w) ;
>> plot(t,u,t,pos,t,pp) ; T, =0.1sec.

>> plot(t,uu,t,pp) ; T, =0.1sec.

os

oaf | ) | | J 1

o5 |-

Figure (5): Comparing between conditional and unconditional data.
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¢ It can be seen from the graphs in figure (5) that the output
response of the velocity before conditioning (vel) does not exceed
the amplitude of the input signal whereas the output response of
the position (pos) dose, even if the input amplitude signal increases
to be larger than what it appears in the graph the output will
increase too. That gives an initial sign about the spatial situation of
position output.

« We will start to fallow the steps to obtain the best structure for
velocity model by choosing (0.1 second) as a sampling time.

Using the command [nn score fit] = yic(vv, uu, 5, 5, 5); to find the
three best values of (structure, score, fit ).

>> [nn score fit] = yic(wv, uu, 5, 5, 5)
nn=[111 211, 121]
score = [62.9386, 58.0429, 57.1206]
fit =[ 99.3141, 99.3410, 99.3360]
>> [theta, yp ,pr] = rlss(vv, uu, 1, 1, 1)
>> sigma_e = var(wv - yp)

sigma_e =1.8453e-004

>> sigma_y = var(vv)

sigma_y =0.0269

>>r =sigma_e/sigma_y

r= 0.0069

>> sigma_i = diag(pr)*sigma_e

sigma_i =1.0e-004 *
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>> s = mean(abs(sigma_i)./theta.”2)

s = 3.5039%e-004

>> yic = log(r) + log(s)

yic = -12.9386

>> score = 50 - yic

score = 62.9386

By repeating the same steps for the other values of the structure we

got the table below:

Table-1. Comparing between the three best structures

nn score Yic

111 62.9 -12.93
211 58.04 -8.04
121 57.1 -7.12

The table (1) illustrates that the smallest value of YIC is (-12.93)
which is related to the first structure (n, =1, n, =1, n, =1),

also it can be seen that the highest score (62.9) is related to the
first structure as well.

Thus the structure which has been chosen will be used to estimate
the parameters of the model using the command ident.

>> ident

Opening System Identification Toolbox ....... done.
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Time

Figure (6): Import data and estimate (velocity) model [Black curve is the
actual data]

The data was imported to the Identification Toolbox, see figure
(6), and then estimated via linear parametric model and choosing
IV method, and by click on the estimate bottom the model will be
imported to be in data/model information window, where the
model of the velocity is:

w(z) 0.63032 "

= 15
uu(z) 1-0.22382 ' (15)

Thus the parameters (theta) for the position output are:

a, =0.2238
b, = 0.6303 Itsstructureis[1 1 1], fit =91.29%

1.8- Estimate model of Position (pos) state.
The all data of (vel & pos) will be collected and saved just once,

and no need to recollect them again except if the results are not
satisfied.
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+¢+ Finding the best structure for position model by choosing (0.1
second) as a sampling time and using the command [nn score fit]
=yic(pp, uu, 5, 5, 5);

>> [nn score fit] = yic(pp, uy, 5, 5, 5)

= [221 131 141]
score=[ 61.08 , 59.54 , 58.52]
fit=[ 99.28 , 98.21 , 99.25]
>> [theta, yp ,pr] = rlss(pp, uy, 2, 2, 1);
>> sigma_e = var(pp - yp)
sigma_e = 3.5560e-005
>> sigma_y = var(pp)
sigma_y = 0.0032
>>r = sigma_e/sigma_y
r= 0.0110
>> fit = (1 - r)*100
fit= 99.28
>> sigma_i = diag(pr)*sigma_e
sigma_i = 1.0e-003 *

0.4852 0.574 0.0037 0.0079

>> s = mean(abs(sigma_i)./theta."2)
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s= 0.0036

>> yic = log(r) + log(s)
yic = -11.08

>> score = 50 — yic
score = 61.08

By repeating the same steps for the other values of the structure we
got the table below:

Table-2: Comparing between the three best structures

nn score Yic

2 2 1 |61.08 -11.08
1 3 1 |59.54 -9.13
1 4 1 |5852 -8.17

The table (2) illustrates that the smallest value of YIC is (-11.08)
which is related to the first structure (n, =2, n, =2, n, =1)

, also it can be seen that the highest score (60.14) is related to the
first structure as well.

Thus the structure which has been chosen will be used to estimate
the parameters of the model using the command ident.

>> ident

Opening System Identification Toolbox ....... done.
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Measured and simulated model output
T T T

BestFits

L L | I L L |
0 2 4 [ ] 10 12 14 18 18 20
Time.

Figure (7): Import data and estimate (position) model [Black curve is the
actual data].

The data imported to the Identification Toolbox, see figure (7), and
then estimated via linear parametric model and choosing IV
method, and the estimated (position) model will be imported to the
data/model information window, where it was:

pp(z) 0.08381Z ' +0.05255Z *

= = (16)
uu(z) 1-1.261Z " +0.2584Z
Thus the parameters (theta) for the position output are:
a, =1.261
a, =—0.2584
b, = 0.08381
b, =0.05255 Its structureis[2 2 1], fit =91.68%

2-Adapted Controller:

2.1- Pl controller based on STPI method:
STPI method is based on the known input/output behavior of real

plant, the use of self-tuning resolves the problem of the uncertain
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dynamics by adjusting the PI controller settings (K. , K,)

automatically.

To adapt a controller first we should produce discrete transfer
function of the process which already has been produced in section
one in order to be able to calculate the settings of the controller
(K. , K;)by using the th_m_mex program where the initial

values of (K, , K,) gains are [0.1 0.1] respectively, see figure

to calculate the parameters to calculate ke ki
(at....bl)
™~ 0.1276
.
ko N He rls_mex P th_m_mex Scopel
P 3468 SFunction S-Functiont

ki

!
z
D

elay

ProductiDiscrete-Time
Integrator

06303 Scope?

102238271
plant

Product

Signal

Generator Scopel

Figure (8): SimuLink model of Self tuning method for calculating Kc
and Ki.

2.1.1- General formulate of the process:
Assuming the representation of the process is the First-Order-

Plus-Dead-Time model (FOPDT):
-sé
K o€
1+st

For design purpose of Pl controller we have to convert the
continuous transfer function (s) to discrete transfer function (z).

Gp(s) = (17)
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We can use the Matlab function for that by using Zero-Order Hold
Conversion Method (ZOH method).

If ¢ represents continuous-time case and d represents discrete-time
case, thus we can use the command below to convert (c to d):
>>hd=c2d(hc, sampling time)

Also we can use the command below to convert (d to c):
>>hc=d2c(hd)

The formula in Equ.(17) can be converted to:

o KP e—s&

After modified Z transforms we have got this:
bD+1 Z - + bD+2 Z 2

1+a, 27"
The acceptable range for D will be 'satisfactory' is:

T, T,
0<D<4 when O<7r & =<1 <=

10
If we take account of whole range of D of Equ,(19), we will
approach to the sixth parameter of the nominator of process
transfer function Equ,(20).
b,Z* +b,Z?+b,Z%+b,Z*+b, Z °+b,Z2"°
1+a,Z "
Thus the  structure of the model Equ.(20) is
[L 6 ]as [n, n, n,]respectively. This model structure must be

G,(2)= (19)

G,(z)= (20)

loaded on (RLS_mex) program , by click on its s-function block to
appear -in the pop up window- these parameters (model structure,
forgetting factor, sampling time).

2.1.2- General formulate of PI controller:
The continuous time case of the Pl controller is:
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G, (s) =K, 1+ﬁ Where : K, _1 (21)
S T,
Assuming that the discrete model of S is a Backward Difference
Approximation:

=1
S 1-Z (22)
Thus the discrete Pl controller transfer function is:
K. T
GC(Z):KC 1+|—_1 (23)
1-z27)

2.1.3- Calculating the setting of Pl controller for Velocity
state.
Now, we are going to use the discrete transfer function (15) of the
velocity (vel) state, which was produced in part one of this paper
and load it in the simuLink model figure (9) to adapt PI controller
for the process (servo-rig), and we will observe the performance of
STPI method through the output response.
« The obtained settings of the controller  were
. =0.1276, K, =34.68.
+¢+ Using the SimuLink model in figure (10), for implementing the
obtained model which produced in part one, Equ.(15), (
w(z) 063032 "
uu(z) 1-0.2238Z°"
+«+» Comparing both (servo fit and real plant) together to see how
much STPI method is appropriate for velocity model by taking
both curves in one graph from the scope or exporting data to
workspace and using the command plot. See figure.

) and the setting of the controller.
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COMPARING SERVO-RIG TO SERVO-FIT OUTPUTS

o
z-1
Productipiscrte-Time (7 }
Integrator1

0.6303z1
1-0.22382"1

plant

Signal
Generator!

Scope
rl T La
CSTPIV
KTs To Workspace

z1
ProductDiscrete-Time
e

Analog
Input
Flow
it Computi 9

Measurement Computing ~ Measurement Computin
PCLDAS1002 [auto] PCLDAS1002 [auto]

4-20 mA out

15 L L L L L L L L
o 20 a0 60 80 100 120 140 160

Figure (10): comparing: servo rig -Red curve- with servo fit using STPI
controller.

It can be seen from the graph that the STPI controller is doing well
with velocity output with small disturbance because the real word
is in general subject to measurement noise.

2.1.4- Calculating the setting of Pl controller for position
state.

The discrete transfer function (16) of (pos) state will be used,
which was produced in part one and load it in the simuLink model
figure (9) to adapt its PI controller, and we will observe the
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performance of STPI method upon (pos) through the output
response.

« The obtained settings of the controller  were
K. =0.865, K, =-0.03493 using SimuLink model in figure (9).
% Using the SimuLink model in figure (10) to implement the
model  which  produced in part one, Equ.(16), (
pp(z) 0.08381Z ' +0.05255Z *
uu(z) 1-1.261Z *+0.2584Z
controller.

+«+ Comparing both (servo fit and real plant) together to see if STPI
method is suit for position model by using the command plot.

2.5

) and the setting of the

il i

zoo ELT) a00 00 o0 oo oo 200

Figure (11): The instability of position -Red curve- model response
controlling by STPI controller.

+¢ It can be seen from the graph in figure (11) that the method of
the STPI is not suit to control the process when it be represented
by the position state. The output response of the SimuLator (Blow
curve ) is approximately as the output response of the real model
(Red curve) where produces unstable response with rise of the
time, because there was miss matching between the produced
model of the position Equ.(16) and the general model of STPI
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method Equ.(20). Therefore we are going to use another method
called PIP (Proportional-Integral-Plus) controller.

X/
°

2.2-

PIP controller based on NMSS method:

The PIP control design was developed for a single input single
output (SISO) system; basically is a Linear-State-Variable- Feed-

Back

(LSVFB) design approach based on a Non Minimum State

Space (NMSS) representation.[5]

[U
The
Y,

=-K" X, ] (24)
general format of the model IS

-1 -2 -q
bz ™ +b,z 4. 4D, 2 (25)

T -1 ) —p
U, 1+az +a,z " +....+a,z

a0

Signal
Generator

'
K ! bz shz bz
by i S = = I 2 3
'\‘-l) » 1-z-° l+gZ” +gl i l+az vz~ +az™ i Scope

integrator input filter plant

feedback filter simout

fosfiZ 7+ To Workspace
1

P simout1

To Workspace1

Figure (12): PIP feedback block diagram

Assuming that the produced model is:
Y (z) bzt+b,z?+b,z7°

U(z) 1+az‘+a,z 2+az°

(26)
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Where: P=3,q=3

+¢+ The discrete State-Space description is:

X =AX, +BU, (state vector)
X1k -8 -a, —-a\( Xk 1
Xk 1 0 0 || X, [+]0 U,
X s 0 1 0 I X4« 0

Y, =C"X,

X 1k

Yk =(b1 b, ba) X 2k

X 5

+* NMSS description is:
Xy u =AX, +BU,

Yo -a —a, —a; b, b)Y, b,

Y, 1 0 0 0 0 (Y., 0
Y.. |=|0 1 0 0 O0|Y,, |+0 U,
u, 0 0 0 0 O0fu,/| |1
U,  \o o o 1 0)u,, o

Y, =C"X,

+ Modified NMSS description is:

(27)

(28)
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X, =AX, +BU, +DY,

n+l

Yo -a,-2,-a, b, by 0 Y, b, 0
Y, 1 00 000 |[Y,]||0 0
Y, | [0 10000 |Y,]|I|0 0
o Tlo o0 000 u,lTt old.
n n-1
U, |0 00100 |u,l]|o 0
M., la a, a b, by LM, J (-b, 1
M, =€, +M, (29)
Y, =C'X,

Yn

Ynfl

Yn—2
Y =(L0000) o

U,

M

++ The controller gains for the assuming model, are:

k=[fo fo o fou O oo Dgu —K] (30)
++ Calculate the controller gains ( K ) using the Matlab:
The conventional method for calculating the controller gains in
such problem is Linear Quadratic (or optimal) Regulator Design
(LQR), which maintain the system at the set point or make the
system starts from non-zero initial state in shortest possible time.
That will be derived when the controller gains minimizes the cost

Kk
function: J =>XTQ X, +UJ RU,, and via the Matlab the

i=1
gains of the obtained model in part one Equ.(17), can be calculated
using the command

252 Copyright © ISTJ 4B ghaa okl (G48a
wu ?3""“ @3.\1\ M



International

Science and Technology Volume 12 sl Sener i Tbnelng sl
Journal

i ) . December 2017 s %
4y aglall 4t gal) Alyal)

gy gt g iy

k = optpip(a, b, q, 1)
>>a=[1.261 -0.2584 0.05255 0
1 0 0 0
0 0 0 0
-1.261 0.2584 -0.05255 1]
>> b=[ 0.08381
0
1
-0.08381]
>> g =eye(4)
g=[1 0 O
0 1 0
1
0

o o ©

0 O
0 O
>> r=[1]
>> k = optpip(a, b, g, r)

1]

k=3.5262 -0.8559 0.1741 -0.5431

Thus the gains are:

f, =3.5262, f,=-0.8559, g,=0.1741 k, =0.5431

We will substitute these gains to the SimuLink model in figure
(12) for testing. And the SimuLink model in figure (13) to

compare the output response between the actual process (servo rig)
and the servo fit.
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COMPARING PIP CONTROLLER WITH SERVO-RIG & SERVO-FIT

1000 06431 1 | 0083812008256
ad Ll
171 1404741271 1-1.2612°110.258422
Signal teqrator] i i
Gonsratord integrator input fiter1 Discrete Filter

feedback filter?

3.5262-0.855971
1

&

e

Scope

0.5431 ! Analog Analog
_.(‘ )_. = I
Z 11 L1741z Output Input
A CPIPP
integrator2 input filter? 4-20 mA out Flow
Measurement Computing Measurement Computing
foedback flier{  POFDASTO02fauc] PCLDASI002 [auto] To Workspace

35262-0.855%2°1 |
1 <

Clock To Workspace3

Figure (13): Comparing PIP controller between the (servo rig) and the
servo fit.

=) S00

50 ESD

Figure (14): comparing: servo rig -Red curve- with servo fit using PIP
controller.

+«» The graph in figure (14) illustrates that the PIP controller is
giving robust control with position output comparing with the
STPI controller with small disturbance as normal case for the real
word in general where is subject to measurement noise. Although
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the Proportional-Integral-Plus (PIP) control system design slightly
more complex than a Pl controller, achieves much tighter control
of the position variables.

Conclusion:

The Model validation is based on how will the model fit the
response of the original model or real system when the input
variable is different from that used for identification and
estimation.

Both of the algorithms used to identify the Model structure/order
and the model coefficient have been assessed by means of testing
using data generated from system with know TF, the tests outcome
were satisfactory, all of the obtained models mimics the behavior
of the used TF the higher order when noise added to the used data.
The results prove that the performance of the STPI controller is
very good and it has an added advantage of having a Pl like
structure and self tuning algorithm. Moreover, the STPI controller
performs better than the conventional PI controller especially when
there are changes in the process dynamics over the velocity,
whereas on position we have observed that the self tuning method
IS not appropriate to adapt a PI controller for the position output .
Therefore, we chose PIP controller to control the output of the
position was more steady with acceptable response.
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