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Abstract:

This research aims to analyze a number of piping systems and
ensure the quality of their application to a range of practical
situations in the field of study. This study deals with the study of
piping networks starting from the ruling equations and then
analyzing the types of simple networks connected respectively and
parallel to complex hybrid networks and complex systems
consisting of a mixture of connected pipe systems respectively and
parallel and identify the methods used to analyze this type of
systems that called is (Hardy Cross). For this reason the research
problem is how to connect liquid flow pipes by connecting more
than one network at the same time. Therefore, the knowledge is
very important especially in the constructions and large
companies because of their economic impact on the number of
pipes and the possibility of reduction in the impediments of the
movement of liquid. In our conclusion, the parallel conductivity
increases the flow of liquid, but its defects are loss of lift and may
be insufficient in high structures. In contrast to the conductivity,
respectively, the flow rate is less fluid but, this used in the higher
structures and in the parallel and parallel couplings major losses
and local losses. In order to minimize these losses, the propellers
are joined together in this hydraulic system.
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) allal) B Lgtanly dalainal) Apatal)
Sustainable Development and its Importance in the

Arab World
sl galgd Lkl o 5 ENEVeUy Wy
A pdall 3 ) gal) A8 Ol daidy) dlg
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Abstract:

This study seeks to study sustainable development and its importance
in the Arab world through the descriptive and inductive approach
through atheoretical scientific vision. The results concluded that the
Arab countries tried to achieve sustainable development because it is
an urgent necessity and the best way to close the gap between them as
a developing and least developed country. Developed countries, but
did not achieve the desired success. Whereas, for Libya, it suffers
from the deterioration of the situation and its inability to achieve any
significant progress in the indicators of sustainable development due
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to the political conditions experienced by Libya after 2011, which
affects all policies and development process.
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Abstract

This study about one of the important and vital topics in
marketing activity, the wuse of integrated marketing
communications means and the impact on increasing the market
share in small and medium enterprises, which is of great
importance in our world today for success, survival and profit
generation and sustainable development of these projects.

The analytical descriptive method that describes the problem,
which is based on the collection of facts, data, information,
interpretation, analysis and measurement of results, was used by
using the statistical program (SPSS) which contains a package of
statistical tests. The results of the study showed a decline in the
market share of projects during the study period due to lack of
use The means of integrated marketing communications in most
small and medium enterprises as well as focus on one means and
neglect the means of communication marketing and other
promotional, and this weakness is due to the lack of specialized
elements in the development of marketing plans and The limited
budget allocated for promotion has adversely affected the increase
in market share of these projects.

Keywords: Marketing Communications, Market Share
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Abstract:

In the summary of this study we find that the step of
integration is the ruling step and it's a function of time so, when
designing the wet oil isolates, take this point as basically, so that
the increase in the time of stay leads to the large volume of water
drops, but to a certain extent only after that will not benefit to
increase when processing crude oil, the processing steps in order
and the specific step of the process must be the one that depends
mainly on the time, and we must realize that both the chemical
treatment (emulsifying fraction), and the thermal method (heating
process) Emulsifier only, while strengthening the electrical
method accelerates the integration of the droplets and then
deposition, so the electrical method does not break the emulsions
alone (hydrophobic / hydrophilic). Through the practical
experiments of this study proved that the best working efficiency
in terms of cost and quality of emulsion is at the ideal time of the
process is (10-30) min, While the increasing process on this time,
respectively the total cost of the process will convert and the
quality of the emulsifier will modify.
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Abstract

Carbonate rocks contain nearly half of the world’s petroleum and
gas reserves; therefore, it is very important to determine the petro
physical properties of the carbonate rocks. Electrical resistivity is
one of the most important petro physical property for oil reservoir
rocks. Also, the Formation Resistivity Factor (FRF) is the petro
physical property that is widely used in studies to estimate the
porosity and water saturation for an oil reservoir. Both Electrical
resistivity and formation resistivity factor are used to determine
the cementation factor “m”.

This paper reports an experimental investigation on the influence
of variations in confining pressure on cementation factor of some
carbonate rocks in three different oil wells. This work included
the electrical resistivity measurements at different confining
pressures. Cementation factor was calculated for the three wells at
each pressure. Effect of confining stress on electrical properties of
rock samples was studied.

This study indicates that the influence of the confining pressure
variations depends on the nature and pore structure of rock
sample.
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1. INTRODUCTION

Carbonate reservoirs in the Middle East are very heterogeneous in
terms of rock types. Therefore, the reservoir should be split into layers
on the basis of the dominant rock type in order to define average
values and trends of physical rock properties. The cementation factor
(m) is the factor that describes the increase in resistivity that results
from the insulating mineral grains forcing the current to take tortuous
pathways through the conducting fluid which mean that the
cementation factor has specific effects on petrophysical and elastic
properties in porous media.

The accurate determination of cementation factor (m) gives reliable
saturation results and consequently hydrocarbon reserve calculations.
A comprehensive investigation of petrophysical properties of

135



June 20195-5: SJST

carbonate rocks, which have an interlock with the cementation factor
should be covered through core analysis and log data.

2. Objectives

1. Study the effect of overburden pressure on cementation
factor in the case of carbonate rocks.

2. Investigate the effect of porosity variation on cementation
factor.

3. Background
3.1 Overburden Pressure

Reservoirs are under considerable compressive stress as a result of the
weight of the overlaying formations. Overburden pressure affects the
reservoir properties. The pressure causes decrease in the porosity. The
effect of overburden pressure on permeability is greater and varies
considerably with the type of reservoir rock. The effect of overburden
pressure on relative permeability is small or nonexistent.

Most sediments deposited under normal surface conditions have
primary porosities of on the order of 30% to 70%. The lower values
are more typical of coarser, sandy sediments, and the higher initial
porosities are more typical of finer-grained, clay-rich sediments.
Porosity in conglomerates and sandstones is largely a matter of pore
spaces among the framework grains, as modified by later cementation
together with certain other digenetic changes (more on those later). In
muds the initial porosity is commonly higher, owing largely to the
tendency for clay-mineral particles to be surrounded by envelopes or
cushions of tightly bound water. Porosity in carbonate rocks varies
widely, depending upon sediment type: the porosity of well-sorted
carbonate sands is in the same general range as that of the
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corresponding siliciclastic sands, whereas reef carbonates commonly
have much higher initial porosities

Generally, depth profiles of compacting sediments show an
exponential decay in porosity with depth. Fine-grained sediments
often show a reduction of porosity from 70% to 20% within the first 2
km of burial. Thereafter, porosity is lost at a much slower rate and can
be approximated as a linear function of depth. In contrast, sandstone
porosity during burial show an approximately linear porosity loss
throughout their entire history of burial. The extreme compaction of
fine-grained siliciclastic rocks is of great importance to petroleum
geologists, because if those rocks contain mobile petroleum
hydrocarbons, those fluids are expelled upward into overlying porous
rocks, which can then become petroleum reservoirs if they are capped
by an appropriate seal.

3.1.1 Overburden Pressure Calculation

At a given depth, the overburden pressure is the pressure exerted by
the cumulative weight of the overlying sediments. The cumulative
weight of the overlying rocks is a function of the bulk density, the
combined weight of the matrix and formation fluids contained within
the pore space. Overburden increases with depth, as bulk density
increases and porosity decreases.

With increasing depth, cumulative weight and compact, fluids are
squeezed out from the pore spaces, so that matrix increases in relation
to pore fluids. This leads to a proportional decrease in porosity as
compaction and bulk density increase with depth(Hawker, 2001) An
average value of 2.31 gm/cc can be assumed to be a reasonable
average value of bulk density at depth (overburden gradient of 1.0
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psi/ft), but more accurate determinations should be made when more
accurate measurements or data becomes available (Hawker, 2001).

Examination of the data shows a decrease in porosity and permeability
with an increase in overburden pressure. A correlation between
porosity and overburden pressure and also between permeability and
overburden pressure has been developed using linear regression
analysis. Both correlations are Found to be logarithmic. The
irreducible water saturation and residual oil saturation increase with
increased overburden pressure levels. While the relative permeability
to oil decreases with increasing overburden pressure, a corresponding
negligible decrease in water relative permeability was observed (Ali
H.S.,1997).

3.2 Cementation Factor
The first discernment for the porosity exponent, m was given by

Archie (Archie, 1942):

_Ro _ 1
FRF = 1% =5 (1)

Where:

FRF= Formation Resistivity Factor

Ro = Resistivity of 100 % saturated rock (Ohm-m)
Rw = Resistivity of water (Ohm-m)

® = Porosity

m = cementation exponent

Archie did not actually call it “cement exponent”, but found that this
exponent helped in the description of the empirical relationship
between porosity, and formation factor, F and that this relationship
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could have a valuable application to quantitative studies of electric
logs.

According to Guyod(Guyod, 1944), who introduced the term of
cementation factor for the exponent (m), it is a measure of the degree
of cement and consolidation of the rock; the greater the degree of
cement means the greater value of the porosity exponent. Lately, the
cementation factor (m) has been accepted as a measurement of the
tortuosity of the pore geometry to current flow.

The factor m is related to the geometry imposed upon the bulk volume
of interstitial water of both solid and fluid insulating materials. The
cementation factor is strongly dependent on shape, surface area of
composite particles and tortuosity. It has been given considerable
attention by researchers, because of the various physical effects of
cementation factor on the physical behavior of sediments
(Hilmi, 1993). The cementation factor of the carbonate reservoir is the
most important parameters for applying the petrophysical
characterization (Hector,2007).

3.2.1 Ranges for the Cementation Factor

Electrical resistivity is one of the important petrophysical properties of
oil reservoir rocks. Cementation Factor or Formation Resistivity
Factor (F) is widely used in studies to estimate porosity and water
saturation. Some researchers in Table 1 have studied the effect of
many factors on the cementation factor “m”, mostly with carbonates
rocks. Since the carbonate rocks contain nearly half of the world’s
petroleum reserves, therefore it is very important to determine the
petrophysical properties of carbonate rocks (Behin,2004).
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3.2.2 Factors Affecting the Cementation Factor
Researchers have shown that the value of the cementation factor is
largely affected by the following factors: (Ransom, 1984), (Wardlaw,

N.C. 1980).

1. Secondary Porosity: By mathematically modeling the
fractures and Vug paths has been found that besides the degree
of cement, Vugs tend to increase the formation factor (m)
while fractures cause a reduction in the value of m (Rasmus,

1986)

Pore Throat Size: The exponent m depends on factors related
to pore geometry. In nature, grain size and shapes are not
always uniformly distributed and this has a direct effect on the
pore throat size distribution of the rock.

Conductivity of water and minerals: The exponent m has a
direct relation with the pore geometry only when the electrical

conductivity present in the rock comes from the water-filled
pore volume (Ransom, 1974).

Table 1: Effective parameters on the cementation factor “m” by

someresearchers
Author Restrictions m-Range
Consolidated sandstone 1.8-2.0
Archie (1942) | Clean unconsolidated sands packed ~13
in lab ]
. Theoretically and corresponds to
Pirson (1947) grains that have a spherical shape 1.3
Williams Woodbine sand in the Hawkins field. 2.7
(1950) Moderate clean sand cores.
: 1.0- 0
Wylie (1950) Mathematically
In practice 1.3-3.0
Winsauer .
(1952) Measurements in many sandstones 2.15
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Keller G. V .
(1953) Oil-wet core sands 1.5-11.7
Non clay
Waxman et al. 1.4
(1974) ’
Clavier (1977) | Clay-corrected 1.4
m is independent of shaliness 1.8-2.1
Ramson
(1984)
0 . 1.89-
Fractures, 100% fracture porosity 213
Aldoleimi et 1.0
al. (1989) | Spheres
Irregular grain shapes, crystals and 13
discontinuities ]
Carbonate reservoir using logs, ~13
Maute R. E. et | assuming a=1 :
al (1992) Sandstone African core: Clean, high <13
porosity. Conventional method ]
Core Archie parameter 1.81-
Estimate (CAPE) method 2.00
Hartmann et 1.79-
al. (1999) Shaly sandstone 181
Hamada G. M.
(2001) Clean sandstone 2.0

4. Surface area per unit volume: When grains become less

spherical,

more oblate, more angular,

flatter, or more

complicated in shape, the surface area per unit volume

increases and so does the value of m.
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5. Cementation: Cement on intergranular pore spaces or even on
solid grain surfaces can build up to the extent that some
interstitial water or conductive minerals can be partially or
totally isolated electrically from the system(Ransom,
1984),(Ransom, 1974).

The cementation exponent is highly dependent on the type and shape
of the pores and grains as opposed to tortuosity, specific surface area
and anisotropy of the rock. Table 2 shows the reported m value for the
carbonate.

Table 2: Reported Archie’s parameter m for the
carbonate(Willhite,2011)

Lithology M Investigator
Non touching vug carbonate 1.8-2.9 Lucia (1983; 2007)
Wackestone—grainstone 1.775 - 1.926 Saner et al.(1996)
Grainstone (large pores) 20-22 Ramakrishnan et
Fine-packstone-wackestone 1.65-1.70 al.(1998)
Grainstone 1.77
Packstone 1.84 Rezaee et al (2007)
Wackestone 2.21
Bioclast inst 1.
oc as. gramnstorie 88 Hasanigiv and Rahimi
Dolomized packstone -
(2008)
wackestone 2.1

4. Methodology

A group of core analyses were retrieved for three wells (C1, C2, and
C3), Table 3, from different oil fields. The core data of 33 samples are
collected from the three oil wells as: 5, 20, and 8 consequently, with
porosity, permeability and Grain density measurements.
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Table 3: Samples collected from the three oil wells

of study
No. Well Number of samples
1 C1 5
2 C2 20
3 C3 8
> 3 33

All the calculations in this work was done by using Excel sheets,
detailed information, procedures, and results obtained are tabulated
and in figures described.

Petroleum reservoir rocks that are buried at various depths are
subjected to:

 Internal stresses exerted by fluids (gas, oil, and water) in the
pore spaces, and
» External stresses exerted by the overlying rocks.

However, petroleum reservoirs are considered as dynamic systems,
due to variable fluids depleted from the pore spaces by well
production. This depletion causes the change in the internal stress, and
consequently effects on the resultant stress of reservoir rock.
Similarly, during water flooding or gas injection, the equilibrium of
rock stresses can be also altered in a dynamic manner.

4.1 Samples preparation

Core analysis can be defined as the laboratory measurement of the
physico-chemical properties of samples of recovered core, for
purposes of multiple disciplines. A reservoir engineer uses core
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analysis for interpretation of fluid flow in field in order to design and
optimize the recovery processes.

It is clear that economic and efficient development of hydrocarbon
reservoirs is highly dependent on understanding the key properties of
reservoir, such as porosity, permeability and rock-fluid interactions
such as wettability. Furthermore, solving fluid flow equations in
porous media requires functions of multi-phase transport properties,
such as capillary pressure and relative permeability. These data can
only be gathered through a carefully conducted core analysis program.
Core samples are considered as one of the most direct and valuable
sources of data for subsurface studies(Boyle, 2011).

Core samples can be considered as the most direct source of
information on subsurface rocks. However, if the coring process is not
carefully designed, it may be impossible to obtain good quality data. It
is worthwhile to understand the impact that the coring process can
have on a core analysis program as a whole. Events that happen
during coring can later play a critical role in the interpretation of the
measurement results.From the moment drill bit comes close to the
core material, a variety of alteration processes commence
(Worthington,1991). Therefore, core may get exposed to the drilling
fluid and cause alteration of physical properties that affect the desired
measurements such as permeability or porosity.

4.2 Bulk density, Porosity, and Permeability measurements:

4.2.1 Bulk density measurements:

It has generally been known that grain size is a fundamental variable
controlling the permeability in unconsolidated rocks. The sand grains
found in the coastal environments are well — sorted, rounded and are
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close to the ideal for which these relationships are developed. It was
originally used the 10th percentile of grain size, but small deviations
from the ideal sediment properties can induce large deviations in
sediment permeability.

Smaller grain size will reduce the permeability significantly compared
to the ideal, well- sorted homogeneous sediments. Some fine —
grained sands can have high interconnected porosity, although the
individual pores and pore channels are quite small. As a result, the
available paths for the movement of the fluid are quite restricted and
tortuous. In practice permeability are rarely estimated from grain size
for field applications because the estimates are usually very different
from the actual measured values. Inclusion of clay and silt in small
percentages can reduce the permeability by orders of magnitude, while
inducing negligible changes in grain sizes.

4.2.2 Porosity measurements:

Neutron logs are porosity logs that measure the hydrogen
concentration in a formation. In clean formations (i.e., shale-free),
where the pores are filled with water or oil, because hydrogen in a
porous formation is concentrated in the fluid-filled pores, energy loss
can be related to the formation porosity.

Whenever shale is part of the formation matrix the reported neutron
porosity is greater than the actual formation porosity(Gilchrist, 2008)
This occurs because the hydrogen that is within the shale’s structure
and in the water bound to the shale is sensed in addition to the
hydrogen in the pore spaces.

The density tool responds to the electron density of the material in the
formation. Formation bulk density (pb) is a function of matrix density,
porosity, and density of fluids in the pores (salt water, fresh water
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mud, or hydrocarbons). The formula for calculating density-derived
porosity is (Schlumberger, 1989)

__271-pma
oD = 2.71-pf 2)

Where: -
pma: is the matrix density, [2.71 (g/c’) for limestone, 2.87 (g/c’) for
dolomite and 2.65 (g/c”)

for sandstone].

pf: is the fluid density (g/c’) [fresh water = 1, mud, for salt water mud
=1.1].

At a given depth, the overburden pressure is the pressure exerted by
the cumulative weight of the over-lying sediments. The cumulative
weight of the overlying rocks is a function of the bulk density, the
combined weight of the matrix and formation fluids contained within
the pore space. Overburden increases with depth, as bulk density
increases and porosity decreases (Fadhil, 2016). A measure of the
pore space available for the storage of fluids in rock. In general form
(Ching, 1992):

% V, =V
0= P/Vb — ( b m)/Vb(3)
Where:
@ = porosity, fraction
Vb=Vp+Vm

Vb = bulk volume of reservoir rock, (cm®)
Vp = pore volume, (cm’)
Vm= matrix volume, (cm’)
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4.2.3 Permeability measurements:

The permeability of the rock is a measure of the ease of convicting
fluids through it and may be determined by a flow experiment.

Permeability from logs, cores and cross plots have been derived and
compared with permeability from well testing. Permeability from logs
alone is derived and based on porosity and water saturation, porosity
has been calculated from density log which is easily affected by the
shape of well.

Permeability from cores, gives a good overview of the permeability
distribution in the cored interval, but is difficult to scale up for the un-
cored interval. The Arithmetic scaling gives much higher values than
the geometric method. The best permeability is from well testing; the
effective permeability of the tested interval is calculated. All effects
are counted for the permeability, minerals and overburden pressure
reduces the permeability. In many cases there may exist a correlation
between porosity and permeability. But these correlations are usually
derived for a certain formation, and therefor they do not exhibit
general application or validity.

In heterogeneous carbonate reservoirs the cementation factor, m, is a
major factor of uncertainty in the calculation of hydrocarbon-water
saturation. The following trends are given for the limestone cores and
for permeability values (Focke,1987):

m=1.2+0.1286 ¢ For K< 0.1 md(4)
m= 1.4+ 0.0857 ¢ For K=0.1 to 1 md(5)
m=1.2 + 0.0829 ¢For K=1 to 100 md(6)
m = 1.22 +0.034 ¢ For K> 100 md(7)
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4.3 Formation Resistivity factor at ambient conditions
easurements:

The resistance values were used to calculate specific resistivity (Ro)
of the plug samples as following:

—Ro _ 1
FRF = & = -2 (1)

ro*A

Ro =22 (8)

Where

Ro = sample resistivity at 100% water saturation

ro = resistance of rock at 100% water saturation (device reading)
A= sample Area

L= sample length

Water resistivity Rw is calculated by the following equation:

(T+22)
47

R, @25°C =1, * * 0.001 9)

4.3.1 F-® Plot Method

This method is used to calculate m from laboratory measurements as
FRF can be measured in core full saturated with brine where

FRF = 20Lab (1)
Rw

and @ is also can be measured laboratory for the same core or cab be
taken form logs at the same depth of this core. The theoretical basis of
this method depends on the relation between the formation factor and
the porosity as shown in equation (1), which becomes with the use of
logarithms:
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__ log(FRF)
m = o8 @) (11)

5. Data, Results, and Discussions:

Petrophysical properties such as porosity, permeability, capillary
pressure, resistivity, and relative permeability are influenced by the
state of stress acting on the rock. These properties should be measured
at a stress state that resembles the in-situ stress. Therefore, core
analyses on petrophysical properties at different confining pressures
(depths) are carried out. Electrical resistivity is generally dependent on
the geometry of the pore space and its fluids. The reservoir rock pore
space is normally occupied by: gas, oil, and water. Gas and oil are
nonconductors, while water is the only conductive fluid if it contains
dissolved salts. three carbonate wells are considered here under
investigation. Five samples are taken from the Cl-well, 20 samples
from the C2-well, and 8 samples from the C3-well. The measured data
are obtained in Tables 4-6.

Table 4: Measured data for well C1

Serial | Sample Depth, Porosity, A1r. ) Gra.l "
No. No. f o, Permeability, density,
mD gm/cc
1 2 5855.58 9.45 14.03 2.70
2 4 5857.41 7.66 1.62 2.71
3 7 5860.66 11.33 13.4 2.71
4 10 5863.50 11.48 16.8 2.72
5 12 5865.40 12.41 2.12 2.70
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Table 5: Measured data for well C2
Serial | Sample Depth, Porosity, A1r. . Gra.l "
No. No. i o, Permeability, | density,
mD gm/cc
1 10 4245.4 22.27 2.7 2.71
2 16 4251.1 25.2 11.9 2.71
3 17 4252.8 24.83 9.9 2.72
4 19 4254.4 21.17 2.77 2.71
5 20 4255.6 19.9 2.46 2.72
6 21 4256.6 17.58 1.1 2.7
7 22 4257.6 18.86 1.2 2.71
8 23 4258.5 22.57 3.7 2.7
9 25 4260.4 23.32 2.9 2.71
10 26 4261.9 26.09 6.2 2.71
11 27 4262.9 21.41 2.3 2.72
12 28 4263.5 20.08 2.0 2.73
13 29 4264.5 21.64 2.2 2.72
14 30 4265.4 19.54 1.4 2.72
15 31 4266.5 17.48 0.7 2.72
16 34 4269.5 17.63 1.1 2.83
17 35 4270.6 20.26 4.6 2.82
18 36 4271.4 18.85 1.7 2.80
19 37 4272.4 18.31 1.1 2.75
20 38 4273.6 15.47 0.8 2.72
Table 6: Measured data for well C3
Serial | Sample Depth, Porosity, A1r. . Gra.l "
No. No. i o Permeability, density,
Md gm/cc
1 8 3759 32.42 10.255 2.74
2 21 3774 29.4 7.22 2.70
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3 25 3778 334 9 2.79
4 31 3786 28 8.44 2.70
5 46 3803 32.74 14.8 2.74
6 48 3805 28.55 10.7 2.71
7 52 3812 28.88 7.99 2.75
8 76 3836 26.68 4.795 2.71

Table 7: Cementation factor calculations for well C1 at ambient
conditions

Format
S Sampl Rw, Ro, ion Porosit
No. | e N(I)). Depth, ft ohm.m | ohm.m | factor D, % ’ Log @ LogF
(F)
1 2 5855.58 | 0.1247 7.6 60.700 9.45 -1.02457 1.783191
2 4 5857.41 | 0.1247 11.2 | 89.625 7.66 -1.11577 1.952428
3 7 5860.66 | 0.1247 7.1 56.848 11.33 -0.94577 1.754719
4 10 5863.5 | 0.1247 7.8 62.519 11.48 -0.94006 1.796014
5 12 5865.4 | 0.1247 5.5 43.816 12.41 -0.90623 1.641633
Total -4.9324 8.927985
Cementation factor, m 1.81007
Tables 7 - 14 show the results obtained at ambient conditions and at
different overburden pressures for the three wells C1-C3. Figures 1-3,
show the relation of formation resistivity factor, F, with porosity, ® at
different pressures for the wells C1-C3.
Table 8: Cementation factor calculations for well C1 at 3000 psi
Sl el e B B o e e
1 2 5855.58 | 0.1247 18.71 150 9.11 -1.04048 | 2.176091
2 4 5857.41 | 0.1247 31.18 250 7.28 -1.13787 | 2.39794
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3 7 5860.66 | 0.1247 | 21.07 169 10.95 -0.96059 | 2.227887
4 10 5863.5 | 0.1247 | 21.20 170 11.19 -0.95117 | 2.230449
5 12 5865.4 | 0.1247 11.85 95 11.78 -0.92885 | 1.977724
Total -5.01896 | 11.01009
Cementation factor, m 2.193
Table 9: Cementation factor calculations for well C1 at 5300psi
Serial | Sample Rw, Ro, Formation Porosity
Log @ Log F
No. No. Depth, ft ohm.m | ohm.m factor (F) D,% 08 08
1 2 5855.58 | 0.1247 20.3 162.8 9.00 -1.04574 | 2.21175
2 4 5857.41 | 0.1247 33.6 269.2 7.17 -1.1444 | 2.430153
3 7 5860.66 | 0.1247 22.2 178.0 10.86 -0.96417 | 2.250398
4 10 5863.5 0.1247 23.5 188.5 11.10 0.95456 | 2.275344
5 12 5865.4 0.1247 13.3 106.8 11.64 0.93388 | 2.028727
Total -5.04276 | 11.19637
Cementation factor, m 2.22029
10000 Formation Factor Vs. Porosity
51000 S at 5300 psi.
g T~
S 100 | at amient
£ cond.
2 10
1
0.01 1

Porosit?(,}raction

Figure 1: Formation resistivity factor Vs. porosity at different
pressures for well C1
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Table 10: Cementation factor calculations for well C2 at ambient

conditions
Serial | Sample | Depth, Rw, Ro, Formation | Porosit
No. NOI.) fl?t ohm.m | ohm.m | factor (F) D,% ’ Log @ LogF
1 10 4245.4 | 0.6385 11.43 17.9 22.27 -0.65228 | 1.252853
2 16 4251.1 | 0.6385 9.90 15.5 25.2 -0.5986 1.190332
3 17 4252.8 | 0.6385 9.30 14.56 24.83 -0.60502 | 1.163161
4 19 4254.4 | 0.6385 11.37 17.8 21.17 -0.67428 1.25042
5 20 4255.6 | 0.6385 10.92 17.1 19.9 -0.70115 | 1.232996
6 21 4256.6 | 0.6385 13.54 21.2 17.58 -0.75498 | 1.326336
7 22 4257.6 | 0.6385 11.11 17.4 18.86 -0.72446 | 1.240549
8 23 4258.5 | 0.6385 9.00 14.1 22.57 -0.64647 | 1.149219
9 25 4260.4 | 0.6385 8.11 12.7 23.32 -0.63227 | 1.103804
10 26 4261.9 | 0.6385 7.85 12.3 26.09 -0.58353 | 1.089905
11 27 4262.9 | 0.6385 8.05 12.6 21.41 -0.66938 | 1.100371
12 28 4263.5 | 0.6385 9.77 15.3 20.08 -0.69724 | 1.184691
13 29 4264.5 | 0.6385 9.77 15.3 21.64 -0.66474 | 1.184691
14 30 4265.4 | 0.6385 9.77 15.3 19.54 -0.70908 | 1.184691
15 31 4266.5 | 0.6385 10.22 16 17.48 -0.75746 1.20412
16 34 4269.5 | 0.6385 13.09 20.5 17.63 -0.75375 | 1.311754
17 35 4270.6 | 0.6385 11.17 17.5 20.26 -0.69336 | 1.243038
18 36 4271.4 | 0.6385 9.90 15.5 18.85 -0.72469 | 1.190332
19 37 4272.4 | 0.6385 10.73 16.8 18.31 -0.73731 | 1.225309
20 38 4273.6 | 0.6385 14.11 22.1 15.47 -0.81051 | 1.344392
Total -13.7905 | 24.17297
Cementation factor, m 1.75286
Table 11: Cementation factor calculations for well C2 at 1000 psi
Serial | Sample | Depth, Rw, Ro, Formation | Porosit
No. NOI.) fl?t ohm.m | ohm.m | factor (F) D,% ’ Log ® LogF
1 10 4245.4 | 0.6385 10.98 17.19 21.83 -0.66095 | 1.235276
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2 16 4251.1 | 0.6385 11.64 18.23 24.65 -0.60818 | 1.260787
3 17 4252.8 | 0.6385 10.59 16.58 24.66 -0.60801 | 1.219585
4 19 4254.4 | 0.6385 13.47 21.1 20.98 -0.67819 | 1.324282
5 20 4255.6 | 0.6385 13.33 20.88 19.83 -0.70268 1.31973
6 21 4256.6 | 0.6385 15.55 24.36 17.32 -0.76145 | 1.386677
7 22 4257.6 | 0.6385 13.73 21.5 18.56 -0.73142 | 1.332438
8 23 4258.5 | 0.6385 10.47 16.39 22.32 -0.65131 | 1.214579
9 25 4260.4 | 0.6385 9.63 15.09 22.98 -0.63865 | 1.178689
10 26 4261.9 | 0.6385 8.68 13.6 25.18 -0.59894 | 1.133539
11 27 4262.9 | 0.6385 10.57 16.56 21.3 -0.67162 1.21906
12 28 4263.5 | 0.6385 11.85 18.56 19.83 -0.70268 | 1.268578
13 29 4264.5 | 0.6385 11.43 17.9 21.32 -0.67121 | 1.252853
14 30 4265.4 | 0.6385 11.72 18.35 19.17 -0.71738 | 1.263636
15 31 4266.5 | 0.6385 14.71 23.04 17.19 -0.76472 | 1.362482
16 34 4269.5 | 0.6385 16.84 26.37 17.44 -0.75845 1.42111
17 35 4270.6 | 0.6385 13.17 20.63 20.03 -0.69832 | 1.314499
18 36 4271.4 | 0.6385 14.12 22.12 18.67 -0.72886 | 1.344785
19 37 4272.4 | 0.6385 12.60 19.73 18.02 -0.74425 | 1.295127
20 38 4273.6 | 0.6385 19.91 31.19 15.16 -0.8193 1.494015
Total -13.9166 | 25.84173
Cementation factor, m 1.8569
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Figure 2: Formation resistivity factor Vs. porosity at different
pressures for well C2

Table 12: Cementation factor calculations for well C2 at 3000psi

Serial | Sample | Depth, Rw, Ro, Formation | Porosit
No. NOI.) fl'i ohm.m | ohm.m | factor (F) D,% ’ Log @ LogF
1 10 4245.4 | 0.6385 10.95 17.15 21.66 -0.66434 | 1.234264
2 16 4251.1 | 0.6385 11.90 18.64 24.49 -0.61101 | 1.270446
3 17 4252.8 | 0.6385 10.78 16.88 24.48 -0.61119 | 1.227372
4 19 4254.4 | 0.6385 14.07 22.04 20.8 -0.68194 | 1.343212
5 20 4255.6 | 0.6385 13.70 21.46 19.63 -0.70708 1.33163
6 21 4256.6 | 0.6385 16.26 25.46 17.08 -0.76751 | 1.405858
7 22 4257.6 | 0.6385 14.37 22.51 18.35 -0.73636 | 1.352375
8 23 4258.5 | 0.6385 10.62 16.63 22.1 -0.65561 | 1.220892
9 25 4260.4 | 0.6385 9.94 15.56 22.78 -0.64245 1.19201
10 26 4261.9 | 0.6385 8.77 13.9 24.93 -0.60328 | 1.143015
11 27 4262.9 | 0.6385 10.73 16.8 21.21 -0.67346 | 1.225309
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12 28 4263.5 | 0.6385 12.27 19.21 19.61 -0.70752 | 1.283527

13 29 4264.5 | 0.6385 11.75 18.41 21.11 -0.67551 | 1.265054

14 30 4265.4 | 0.6385 12.35 19.34 18.94 | -0.72262 | 1.286456

15 31 4266.5 | 0.6385 15.42 24.15 16.96 | -0.77057 | 1.382917

16 34 4269.5 | 0.6385 17.22 26.97 17.33 -0.7612 1.430881

17 35 4270.6 | 0.6385 14.26 22.34 19.92 | -0.70071 | 1.349083

18 36 4271.4 | 0.6385 14.46 22.65 18.52 -0.73236 | 1.355068
19 37 4272.4 | 0.6385 13.03 20.41 17.87 -0.74788 | 1.309843
20 38 4273.6 | 0.6385 21.03 32.93 14.94 -0.82565 | 1.517592
Total -13.9982 | 26.12681

Cementation factor, m 1.86643

Table 13: Cementation factor calculations for well C3 at ambient

conditions
Serial | Sample | Depth, Rw, Ro, Formation | Porosit
No. NOI.) fl'i ohm.m | ohm.m | factor (F) D,% ’ Log @ LogF

1 8 3759 0.152 1.211 7.97 32.42 -0.48919 | 0.901458
2 21 3774 0.152 1.262 8.3 29.4 -0.53165 | 0.919078
3 25 3778 0.152 1.061 6.98 334 -0.47625 | 0.843855
4 31 3786 0.152 1.640 10.79 28 -0.55284 | 1.033021
5 46 3803 0.152 1.313 8.64 32.74 -0.48492 | 0.936514
6 48 3805 0.152 1.237 8.14 28.55 -0.54439 | 0.910624
7 52 3812 0.152 1.294 8.51 28.88 -0.5394 0.92993
8 76 3836 0.152 1.652 10.87 26.68 -0.57381 1.03623

Total -4.19247 | 7.510711

Cementation factor, m 1.79148

Table 14: Cementation factor calculations for well C3 at 1188psi
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Serial | Sample | Depth, Rw, Ro, Formation | Porosit
No. NOI.) fl'i ohm.m | ohm.m | factor (F) D,% ’ Log @ LogF

1 8 3759 0.152 1.338 7.97 32.2 -0.49214 | 0.944483
2 21 3774 0.152 1.485 8.3 29.18 | -0.53491 | 0.989895
3 25 3778 0.152 1.208 6.98 33.21 -0.47873 | 0.900367
4 31 3786 0.152 1.791 10.79 27.8 -0.55596 | 1.071145
5 46 3803 0.152 1.470 8.64 32.5 -0.48812 | 0.985426
6 48 3805 0.152 1.341 8.14 28.34 -0.5476 | 0.945469
7 52 3812 0.152 1.389 8.51 28.5 -0.54516 | 0.960946
8 76 3836 0.152 1.784 10.87 26.44 | -0.57774 | 1.069668

Total -4.22036 | 7.867399

Cementation factor, m 1.86416
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Figure 3: Formation resistivity factor Vs. porosity at different
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I at 1188 psi. I
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As the pressure is applied to the rock samples, rock resistivity and
formation factor increased, while porosity decreased. The figures (1-3)
show that:

e For well Cl1, the cementation factor having the lowest porosity
range (5 - 11%) was 1.81 at ambient conditions, and increased
up to 2.22 at 5300 psi. the change was 0.41.

e In well C2, the porosity range (15 - 25%) in the middle;
cementation value was 1.75 at ambient conditions and
increased up to 1.87. The change was 0.12.

e For well C3, the porosity had maximum range (25 - 35%),
cementation factor was 1.79 at no overburden pressure, and
increased up to 1.86 at pressure 1188 psi. was applied. The
change was 0.07.

It was obvious that the response to overburden pressures was more
noticeable in wells that have low porosity values.It is noted that the
increase in porosity value will decrease cementation percentage
change at overburden pressure. Moreover, the mean percentage
change in the three carbonate wells at 3000 psi was 3.9 %. Wells with
low porosity values are more changeable in cementation factor than
others at the same overburden pressure.

The reduction in porosity with increasing pressure differ somewhat
from one sample to another to reach almost 1.8 % for sample 19, 4.5
% for sample 26 and 3.4 % for sample 38 at 3000Psi. Furthermore, the
cementation factor’s percentage change noted to be the highest in
sample 31 at 16.96 % porosity.
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5.1 Percentage change calculations:

To quantify the change in Cementation factor due to overburden effect
along each one of the three wells, or compare between them at certain
depth, the following equation is used:

Percentage change inm =

(m(at overburden pressure) — m(at ambient condition))
*

100 12
m(at ambient condition) (12)

5.1.1 Stress effect on a single sample:

In order to study the effect of stress on porosity and consequently
cementation factor, at a single well, three samples: 19, 26, and 38
were taken from well C2. Porosity and cementation factor were
plotted with stress, Figs. 4, 5.

Effect of overburden pressure on porosiiy
0.31

N6 f—
]
]
# 021
E
F
§ 0.16
]
o

0.11

0.06

4] 500 1000 1500 2000 2500 2000 3500
OBP,psi
—cample 19 sample 26 - -sample 38

Figure 4: OBP effect on porosity for three samples from well C2
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Fig 5: OBP effect on cementation factor change for three samples
from well C2
The percentage changes in porosity®, and Cementation factor m, at
those samples were also calculated in Tables 15-17.

Table 15: Results of sample 26 from well C1

Stress Porosity, Formation Cementation | % change in | % change
D, % factor factor, m D, % in m,%
0 26.09 12.3 1.868 0.00
1000 25.18 13.60 1.893 3.49 1.326
2000 25.04 13.6 1.894 4.02 1.403
3000 24.93 13.9 1.895 4.45 1.439
Table 16: Results of sample 19 from well C2
Stress Porosity, | Formation | Cementation % change in % change in
D, % factor factor, m D, % m,%
0 21.17 17.8 1.921 0.00
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1000 20.98 21.1 1.953 0.90 1.66
2000 20.86 21.52 1.960 1.46 2.04
3000 20.8 22.04 1.970 1.75 2.55
Table 17: Results of sample 38 from well C2
Str Porosity, | Formation | Cementation | % change in | % change in
€8s D, % factor factor, m D, % m,%
0 15.47 22.1 1.659 0.00
1000 15.16 31.19 1.824 2.00 9.94
2000 15.03 32.19 1.830 2.84 10.33
3000 14.94 32.93 1.838 3.43 10.81

5.1.2 Stress effect on the three wells:

On the whole, there was no linear relationship between cementation
factor and overburden pressure and the value of cementation factor at
a specific pressure cannot be predicted. Table 18 lists the percentages

change in cementation factor for 3 oil wells.

Table 18: Percentages change in cementation factor

. Cementation Cementation
Porosity Percentage
Well o factor factor h y
TANges, 7o | ot ambient cond. at 3000 Psi change, 7o
Cl 8-12 1.81 2.19 20.9
C2 16-26 1.75 1.87 6.86
C3 27-33 1.79 1.86" (1.97) 3.91* (10.06)

* (at 1188 psi), (by interpolation)
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It is noted that the increase in porosity value will decrease
cementation percentage change at certain overburden pressure.
Moreover, the mean percentage change in the three carbonate wells at
3000 psi was 10.6 (or 12.6% by interpolation). The Wells with low
porosity values are more changeable in cementation factor than the
wells of high porosity, at the same overburden pressure.

In a uniformly porous media, conductor brine is occupying all the
connected pores; therefore, all the pore brine is continuous phase and
can conduct electrical current. This phenomenon decreased the length
of the conducting paths especially in high porosity samples. After
applying overburden pressure, the rock will be compacted, and
porosity decreased caused increasing in cementation factor and
minimizing in pore volume of the system. In heterogeneous rocks (the
pores are non-uniformly). The brine distribution also become non-
uniformly distributed in pores media; some pores are isolated and not
contributed to current flow. This phenomenon makes big different in
cementation factor as the stress increase.

6. Conclusions

Although the cementation factor depends on the rock properties, it is
not possible to introduce constant values and separate cementation
factor correlations versus porosity for each petro-faces. It can be
concluded from this study the following items:

1. Porosity must be divided into two groups, i.e. high and low
porosity ranges. Then, for high and low porosity groups, was
calculated separately

2. In sandstone, cementation factor variability appears to be
controlled by the inter-particle porosity; while in carbonate, it
is controlled by the type of rock fabric.
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3. Measuring cementation factor at overburden conditions are

important to reduce the wuncertainties in hydrocarbon
estimation

The cementation factor of carbonates depends on stress, the
magnitude of the dependence being related to porosity.

The influence of overburden pressure on cementation factor is
higher in carbonate wells than in sandstones rock type

The impact of stress on cementation factor is especially
important for low porosity rocks.

7. Recommendations

1.

Repeating the study using plug samples with lower porosity
than the ones which used to have the opportunity to study the
effect of stress extremely.

Production data was not used in this study. Therefore, for more
accurate estimation of reservoir properties, production data can
be benefitted from to confirm the results of the current study.
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Abstract

The backstepping control approach is applied to the control of
direct current electric motors. The approach is based on the
extension of the Lyapunov's second method which is applied to
each state separately by interconnecting them by introducing
virtual control inputs to each state equation. The stability of the
closed loop is ensured by tuning the final Lyapunov equations
appropriately. The disturbance torques might become a critical
issue in this case and the issue is handled by doing a theoretical
analysis based on input-to-state stability theory and numerical
simulations with disturbance torques as random signals.

gadlall
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Simulation

1. Introduction

The method of backstepping control (or integrator backstepping
control as stated elsewhere) is an extension of the Lyapunov's second
method. This approach appears as an application of the Lyapunov's
second method to a single or group of state variables of a linear or
nonlinear dynamical system one-by-one [1]. The second method of
Lyapunov is a generic stability assessment technique that allows
application to almost all types of linear or nonlinear systems [2].
Thus, backstepping methodology can be applied to any control
problem regardless of being linear or nonlinear. The only restrictive
issue is the complexity of the problem which is
determined by the dynamical system in consideration. One of the
critical indicative of the system complexity is the vector relative
degree (or just simply the relative degree) [3]. Relative degree is a
relationship between the input and output. In the simplest sense, the
relative degree is the required number of differentiations of the output
to detect the appearance of the input first time. A system is of full
relative degree type, if and only if these number of differentiations is
equal to the system order. When we have a full relative degree
nonlinear system, the backstepping control approach can very easily
be applied to the problem. If the system is fairly complicated, the
probability of wrong derivations may increase but that is not a
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restriction on the applicability of the backstepping methodology. For
the case of non-full relative degree systems, the control law will
appear as a differential equation. The final design may seem stable as
revealed by the final Lyapunov function derivative. However, the
stability of the control law differential equation should bediscussed
separately. In the literature several applications related to backstepping
technique are met.

2. Theoretical Development

2.1 Second Method of Lyapunov
Lyapunov's second or direct method:

Consider the system in equation (1):

The definition of a Lyapunov function V(x) which should be positive
definite

radially unbounded and V(0) = 0

Positive definite means asV(x) remains positive regardless of the value
of x except

that:
V(0)=0 forx=0
V(ix) >0, Vx+#0

Radially unbounded means that ¥(x) goes to infinity as x goes to
infinity.

V(x) > o as x > o
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So, if the value of V(x) is decreasing along the trajectories of
x = f(x)as shown below:

dv(x) dv(x)
i - ax =0

Then equilibrium pointx, of the system is stable. Moreover, if the
Lyapunov function satisfies
dv (x) dv (x)

It <0,Vx# 0and TzOforsz

V(ix) =

Then equilibrium point of the system is globally asymptotically
stable.

This means that regardless of the location of x(¢t,) the following is
true [7].

tlim x(t) = x,

2.2 Backstepping Control
Feedback stabilization: Given the system

x = f(x)+g(x)u)

For input u, design a control law u = a(x) such that x = 0 is
asymptotically stable

for the closed-loop system:

x = f(x) + g(x)a(x) 3)

Backstepping is a technique that simplifies this task for a class of
systems.
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Suppose a stabilizing feedback u = a(X) is available for
X=FX)+GX)uX €ER", u€R

And suppose the closed-loop system admits a Lyapunov function V(X)
such that

Z(FX) +G0aX)) < —W(X) <0 VX # 0.

Can we modify a(X) to stabilize the augmented system below?
X=FX) +G60)x
X=u
Define the error variable z = x — a(X) and change variables
X, x) - (X,2):
X=FX)+G6X)alX) +G(X)z
z=u—a(X,z)

Where (X, z) = (3—;"( (FOX) + 6D a(X) + G(x)z)).
Take the new Lyapunov function:

V,(X,2) =V(X) + %ZZ (4)

.oV v
Vi = 2= (FOO + 6X)aX)) + 5607+ 2(u — @)

170



June 2019552 SJST

<-WX)+z(u—a)+ a—VG(X)
0x

Let uzd—g—ZG(X)—kz,k>0.

Then V, <-W(X) —kz? - (X,z) = 0 is asymptotically stable
[9,10,11].

2.2.1 Relative Degree Concept
Backstepping can be applied to full relative degree system without any
hassle.

It is a recursive Lyapunov stability method which is the best
applicable to full relative degree systems. What is full relative degree?

Relative degree is how many times you need to take the derivative of
the output signal before the input appears.

Consider a linear system with n = 2 (second order)

X1 = X3 (5)
.X.'Z = _le + xz +u (6)
y=2x )

The first derivative of the output y

Yy=%1 =X
And the second derivative y

V=X, ==2x1+x,+u. ->r=2
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r=n

That’s mean the system is full relative degree. In the equation (7) if
y = x, the first derivative of the output (¥)

Yy=X, =—=2x1+x,+tu. ->r=1

r<n

That’s mean the system is lacking of relative degree, then there will be
remaining dynamics , which may or may not be stable. For example
the DC motor model that is consideration in this work, is a typical
example of full relative degree system.

2.2.2 Strict Feedback Forms
The recursive backstepping, approach is applicable to general linear or
nonlinear systems which are satisfying systems of the form:

x = fo(x) + go(x)&;

& = fi(x, &) + 91 (x, §)E; )
& = f,(x,&,8) + g2(x, 6, 6)&,

ék.—l = fr-106&0 s Ekm1) + g1 (6 &1y o Sk
Sék = fie (6, &1 ooes §em1, §1) + Gre (X, &4, s Epem1, § U
Where:

x€R" withn=>1

1,65, ey €1, & are scalar virtual control laws,
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u is a scalar input to the system [4,5,6].

for fi, f2r <» fir - f—1, fie  vanish at the origin,
(i.e., f;(0,0,..,0) = 0),
91, 92> - 9i» - 9k-1,9x  are nonzero over the domain of interest

(i.e.,gi(x,%xq,...,xx) # 0), for 1 < i < k). Such forms are termed as
strict feedback forms. Here, strict feedback refers to the fact that the
nonlinear functions f;and g; in the state equation (x;) only depend on
states x4, &5, ..., &;, that are fed back to that subsystem [1].

2.3 Input-to-State Stability Concept

Input-to-State Stability (ISS) introduced by Sontag [1989] and it is
proven to be a valuable tool in the study of robustness of linear or
nonlinear systems. It is of interest when one desires to extend stability
concepts to systems with disturbance inputs.

In the linear case that is represented by the equation x = Ax + Bu it
is well known that if the matrix A is Hurwitz, then the unforced
system x = Ax is asymptotically stable. In addition the input u that
leads to bounded states, while input converging to zero will produce
states converging to zero.

Consider the system

x=f(xu) €

Where x(t) is the state taking values in R™. and u(t) is a measurable
locally essentially bounded disturbance input taking values in R™.

2.3.1 Class K and K, Functions
These are a class of all functions satisfying the following conditions:
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1- A function V: R > 0 — R = 0 that is positive definite i.e V(0) =
Oand V(X) > 0 forall X > 0.

2- A positive definite function V is of class K if it is continuous and
strictly increasing.

3- A restriction of a class K function to a subinterval [0, a] is also said
to be a class K function. If a class K function V is defined on the
whole R > 0 and satisfies

V(x) » o as x - oo, then it is of class K.

4. Afunctionff: R=>0 X R>0 — R > 0isofclass KLif B(:,t)
is of class K for each fixed t > 0 and [ (7, t) is decreasing to zero as
t — oo for each fixed r > 0.

2.3.2 Lyapunov Stability Revisited
As we mentioned before in Section (2.1), the system is defined by the
following differential equation:

x = f(x)

In the above, f(0) = 0. The equilibrium point x = 0 will be stable
in the sense of Lyapunov, if a function V (x) satisfying the properties
given in Section (2.3.1) and

P9 £ (x) < — a(lx) (10)

where a(]x|) is a class K,, function.

2.3.3 Input-to-State Stability
In this section, the aim is to analyze the stability properties of a
general dynamical system x = f(x,n) against external inputs n.
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Here n is assumed to be bounded |[n]| < m. The system x = f(x, u)
is called input-to-state stable (ISS) with respect to u if there exist
p € KLandy € k,, such that for any initial state x(0) and every
bounded input u corresponding solution of x = f(x, u)satisfies the
inequality

lx(@®] = B(x(0) [.t) + v(llullog ) V20
such that for some class K, functions ¢ and X we have:

vV (x)
dx

flo,uw) < —a(lx]) + X(ul) Vx,u (11)

This is in turn equivalent to the following “gain margin” condition
= p(lul)  ->Z2f(xw) < —alx)) (12)
Where @, p € K,, functions like the above Vare called ISS-Lyapunov
functions.

Suppose f(x,u) is continuously differentiable and globally Lipschitz
in (x,u).

If x=/f(x,0) hasa globally stable equilibrium point at the origin,
(section 2.3.2) then the system X = f(x,u) is input-to-state stable.
The above are equivalent conditions. From equation (11), if u = 0,

the fact that a is of class K, ensures% f(x) <0, so that x =

f(x,0) is globally asymptotically stable. When u # 0 and bounded,
the dissipative properties of the system x = f(x,u) is preserved.
Thus the system x = f(x,u) maintained stable against bounded
inputs u(t).

3. Mathematical Modeling of DC Motors

3.1 DC Motor Model:
We can write the equations of the DC motor as follows:
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= Om (13)
d B K¢ . 1
:tM——ﬁwM-}-]tla—] 7, (14)
dig K Rg . 1
4= Loy~ etV (15)

Where:
6y  Position of the motor
i, Armature current
(73 Load disturbance torque
[combined of the
rotor and connected load]
k; Torque constant
L, Armature inductance
By, Motor viscous friction

wy Angular velocity
V,  Input voltage
Ju Rotor’s inertia

k, Back Emf constant
R, Armature resistance

The nominal values of those parameters are shown in Table 1

[12,13,14,15].

3.2 Developing The State Equations

There are three derivative terms in the model of a DC motor. First one
is the derivative of the position ( 8,,) in Eq (13) which is equal to the
angular velocity (wy,), and the derivative of the angular velocity( wy,)
in Eq (14), and third one is the derivative of the armature current (i,)
in Eq (15). From the equation above one can propose the following

definitions for the sake of simplicity:
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a = __) = _) = ) r = __)
]M ]M La La
1 4 1
S=—an = —
L, P

With the above definitions, and knowing that input is (V,)and output is
(6)), one can rewrite the state equations as:

éM:wM (16)
a)M=anM+bia+pTL (17)
ip=gwy+ri,+sV, (18)

One will make use of the above equations in speed control of a DC
motor. In matrix form:

LEm= (@ D@+ Qus )

Tablel DC Motor Parameters

Symbol Value Units
Ju 0.01 kg *m?
By 0.1 N.m.s
k¢ 0.01 N.m/Amp
ky, 0.01 v/rad/sec
R, 1 Ohm
Ly 0.5 H
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4. Controller Design and Simulations

4.1 Step 1: Solution of the Speed Tracking Error Dynamics
For the velocity tracking we will define the tracking error (e,,)
between the motor angular velocity (wy) and the desired angular
velocity (w;)e, = Wy — W,
€p =Wy — W, (19
By defining the first derivative (e, ) and assuming that ( w,.) is
constant ( w,- = 0). From equation (17) and (19)
e, = Wy = awy + bi, + pt; (20)
Define an error variable for the armature current (e;).

e, =i, — 1,
ip=e;+1i, (21)
Substitute(i, )into equation (20)
e, = Wy = awy + be; + bi, + pt; (22)
We will choose the following candidate Lyapunov function as:
Viw =3¢% (23)

The first time derivative of Lyapunov function in equation (23) is
shown below:

l'/1((10) = ewe;u (24)
Viw) = en(awy + be; + bi, + pt;)
(25)
= be,e; + e,(awy + bi,) + pe,1;
(26)

Vl(w)should have a negative definite component:

Viw) = —Ko€%, + be,e; + pe,T; 27)
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K,>0

From equation (26) and (27) we can find the virtual input i,., to obtain
V1(w) above:
iy = —metetom (28)
4.2 Step 2: Speed Two: Solution of the Armature Current
Tracking Error Dynamics.
we will return back to the armture current tracking error.
e, =i, — 1,

And the derivative of the above will be:

éi=li,—i, oi,#0 (29)

And

i = @ (30)

By substituting equation (18) and (30) into equation (29) we will
obtain:

. . (Kyp+a) .

é; = gwy +1i, + sV, +— — (awy + bi, + p1y) (31)
= (g +" ) wy + (r + K, + @i + 5V, + 522 pry(32)

Define the second Lyapunov function in terms of the armature
current tracking error:

1
Vaiy =Viw) + Eezi (33)
The first time derivative of the above:

VZ(i) = Vl(w) + e;€,
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(r + K, + @)iq + sV, + 522 pu) (34)

= e (bew (g+a(K++a))wM +(r+K,+ a)ia+sVa) —

+pe,) T (35)

Vi = —Kee?, — K;e?;

p(Knta)e;

Koe%, +( p

Where ;=0
So, —K;e; = be,, (g + '1(K++a)) wy+@+K,+a)ig+sV, (36)

Finally Since the system has relative degree 2, the control law (1)
appears in the second step of the backstepping procedure.  Hence,
choosing the control law

as:V, = %(—K,-e,- — be,, — (g + a(K‘l‘)’m)) wy—T+K,+ a)ia)
....................... 37
1 . . K,
Vo = (—Ki(ia = iy) = b(wy — o) — (g + D) wy -
(r+K, + a)ia) e e (38)

By substituting —k;e; in equation (36) into equation (35) we will
obtain the final form of (CLF) [V, ]:

p(Kyta)

VZ(i) = —Kwezw - Kiezi + ( b e; + pew) 75 (39)

If there is no Load disturbance torque (7, = 0), and the following

conditions will yield asymptotically stable motor speed controller in
the sense of Lyapunov:
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Ki>0 and K, ,>0

4.3 Simulation Results

By selecting the DC Motor parameter as shown in table 1, the
simulation results are obtained through Matlab/simulation where the
control gains value are shown in

table 2:

Table 2 Parameter of Control Gains

Parameter Value
control gain K, 0.5
control gain K; 1
Duration of simulation T 10 sn
desired angular velocity w, 2000°/sn

4.3.1 For the DC Motor parameters shown in Table 1, the results of
the simulation of the closed loop speed control using the
details given in Table 2 are presented in Figurel

Here, there is no load disturbance torque {z; = 0 }.

o, (dgser)

Figure 1(a): Angular Velocity of DC Motor Figure 1(b): Control Voltage Input of DC Motor
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Figure 1(c): Variation of the Torque Generated  Figure 1(d): Angular velocity of DC Motor (rpm)

Figures 1: The results of speed control simulation. Here, there is no load
disturbance torque (t; = 0), and the control gains are K, = 0.5, K; =1

5. Speed Control under Disturbances

In this section the scenarios presented in Table 2 is simulated under
the presence of a load disturbance torque (z;) which is modeled as a
random number drawn from a zero mean (p= 0) Gaussian (Normal)
distribution with a standard deviation of ¢ = 0:07 N.m. The related
results are presented in Figures 2 . Here, the simulations of the
associated scenario is repeated several (here 200) times which is an
approach inspired from (Monte Carlo) methodologies. As (7)) is a
random input here, repeated trials will help to cover different cases as
much as possible. The figures show the result of each individual case
that are superimposed in a single figure. The results reveal that, the
performance of the controller with the given gains is considerably
degraded. Because of this fact, it is beneficial to choose larger
controller gains. Atheoretical analysis and subsequent results are
given in the theoretical background and numerical results sections.
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Figure 2(a): Angular Velocity of DC Motor
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Figure 2(b): Control Voltage Input of DC Motor
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Figure 2(c): Variation of the Torque Generated Figure2(d): Angular velocity of the DC Motor

Figures 2 : The results of speed control simulation. Here, the load

disturbance torque (t;) is a random variable and the control gains are
Kw = 0 5, Ki = 1

5.1 Robustness Analysis of Speed Controller
As understood from (11) one needs the control Lyapunov function of

the closed loop.

(11) is obviously an inequality and one can transform (39) to an
inequality using the tools provided by linear algebra. Theorem 1: In a
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typical quadratic form x”Px one can write the following lower and
upper bounds:

Amin (P)xTx < xTPx < Amax(P)xTx (40)

HereAmin(P) and Amax(P) are the smallest and largest eigenvalues
of matrix P respectively. In order to make use of the above theorem it
will be convenient to rewrite (39) as:

V, =—e"Ke+e"Gr, 41)

In the above

p(K, + a)]T

e =le, el K= [ 2

K, O _
0 Ki] and G = [p,

In order to proceed, Theorem 1 should be utilized once more to have a
new definition.

Consider the following generic quadratic form:
(x — GW)T(x — Gw)
which is always positive except that x = Gw.
Knowing this fact from linear algebra we can do the following:
x—G6w)T(x—6w)=xTx —xTGw —wTGTx + wI'GTGw > 0
xTx +wlGTGw = xTGw + wlGTx (42)

It is known that, xTGw + wT GTx is scalar, thus one can write the
following:
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xTx + wlGTGw = 2xTGw
1
5 (Tx + wlGTGw) = xTGw
As a result, it is possible to write the following from (41):
V, < —Amin(K)e'e +%(eTe +1I'GTGty) (43)
Proceed one step further:
i 1
v, < <§ — Amin(K)) eTe+17GTGr,
< G - Amin(K)) eTe + Amax (GTG)tl't, (44)

From the above relationships, it is obvious that A min(K) =
min (K, K;).

It is required that, the condition G —min (K,, K;) < O) is satisfied to

fulfill the

conditions defined in Section 2.3.3. Here, Amax (GT G)t] t,is always
a member of K, functions.

Where :
p(Ky + [ ¥
AmaxGTG = [p—] P(K, + a)
b -
b
And
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K, +a)?
AmaxGTG = lpz,p(wb—z)l >0

Except

K,
<p, IO(TW) — (0.0)

One should note that, the condition derived here is a sufficient
condition.

It means that, even though this condition is not satisfied, the closed
loop might behave stable against the disturbance torque 7 (t).
However, the satisfaction of the condition Section 2.3.3 brings a
considerable attenuation of the disturbance. The further improvement
of this attenuation can be obtained if a larger min (K, K;)

Is chosen. If the Kw is assigned the value (1) the conditions will be
satisfied and one will be able to see the related results in Figure 3. In
those, the environmental conditions are same as that of Figure 2.

Control Voltage

2500
2000
1500

g 1000
s

V, (Volts)

Figure 3(a): Angular Velocity of DC Motor Figure 3(b): Control Voltage Input of DC Moto
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Motor Torque Motor Speed (pm)
I L e e R il el e e e e e r—

)

Figure 3(c): Variation of the Torque Generated Figure 3(d): Angular velocity of the DC Motor

Figures 3: The results of speed control simulation.
Here, the control gainsare K, =1, K; =1
In terms of appearance there is no significant difference between this
results in Figure 3 and the results in Figure 2. In order to achieve a
better result, it is recommended to increase the control gain, such as
(K, =5andK; =5),

The next figures shown that there is a significant improvement for
speed control when the control gains equal to (K, = 5 and K; = 5)

Control Voltage
Motor speed

o (deg/sec)
v, (Volts)

) t (sec)

Figure 4(a): Angular Velocity of DC Motor Figure 4(b): Control Voltage Input of DC Motor
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Figure 4(c): Variation of the Torque Generated Figure 4(d): Angular velocity (RBM)

Figures 4: The results of speed control simulation. Here, the control gains are
Kw = 5, Ki = 5

CONCLUSION

In this study, an application of linear backstepping control
technique on the speed control of dc motors are presented. The
applications are shown step-by-step in detail and the performances of
the designs are shown graphically. The operation of the closed loop
system is quite successful in an ideal environment free of
disturbances. It is also noted that, if the controller gains are suitably
adjusted the controllers are capable of attenuating the effects of the
disturbance torques. Knowing the fact that disturbances can be
considered as inputs to the closed loop, the theoretical input-to-state
stability approach in [16,17,18] can be applied to the robustness
analysis of the closed loop motor controller against the disturbance
torques. It is found that, one can find suitable control gains which
satisfy the inequalities obtained from the input-to-state stability
theorems. As the input-to-state stability is an approach based on
inequality derivation from equalities, there will be a certain level of
conservativeness in the results. Of course, choosing the right
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manipulations will eliminate this conservativeness to a high extent. In
this study, the conservativeness of derivations are at an acceptable
level. The result obtained from the stability analysis is that the control
gains should be larger than 1/2 to satisfy the derived input-to-state
stability inequalities. This is of course a sufficient condition and it will
not mean that the closed loop will be unstable when the gains are
smaller than 1/2 value. Here one should note that, the disturbance
torques are assumed bounded. It is also important that, the theoretical
result obtained from the input-to-state stability theory is also a
minimum requirement and when the control gains are increased in
value, the handling of the disturbance torques becomes better. The
only drawback of this adjustment is the increase of the motor output
torque demand which leads to high input voltage requirements.
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Abstract

The subject of my paper is a digital control of temperature
by means of PLC on laboratory stand. In this paper a study a bout
digital control of temperature and some difference between
traditional and digital control are presented.

The paper is divided into two part. The first part is the
introduction, the second part describes a laboratory stand
containing a heating unit, a measurement unit, a converter and
PLC and discusses temperature control by means of power
electronic converter. AC voltage controller is connected with ON-
OFF and logical controller-SIMATIC. The characteristics (types,
parameters), construction of SIMATIC S7-200 with module 214

and module 235 and the method of programming were
presented.
paldiuall

sl Jala o PLC Gah ¢ hall dad b el asatll g )9 psase
O CUDLAY) (anyg Bladl dapa (B b)) aSaill dups apalli oy ¢ 48yl oda B
)Ml (g Rl aSatl)

192



June 2019 552 SJST

dara Jala Ciuay SEN gial) ¢ dasia g J6Y) sl oulin ) Aanda A3

-

a%)égéas&'d\ﬂ&JPLC\gdwcwl,ﬁSnJ‘QMSAAJUJGM

=

ON- 24 AC gl aSal Juagi aly . gAY ABlall Jgan sk oo 3l
plad) ¢ (cladedl ¢ £15Y)) pailadl) aais a3 SIMATIC ihid) asailly OFF
Aaayl) 43y uhag 235 sasglly 214 saagl) ae SIMATIC S7-200

1. Introduction

The temperature is commonly used in the industrial production
process parameters, while closely related to people's lives. In many
fields of scientific research and production practice, the temperature
control occupies a very important position, especially in metallurgy,
chemical industry, building materials, food, machinery, petroleum
and other industries, has a pivotal role. Programmable Logic
Controller (PLC) is an industrial control computer; inherit computer,
automatic control technology and communication technology as one
of the new automatic device. It has strong anti-interference ability
and cheap price, reliability, programming is simple, easy to learn
and use, by the project operator, like in the industrial field, the PLC
has been widely used in various areas of industrial control.
The configuration software is an automatic control system
monitoring layer a software platform and development environment.
Its flexible configuration will provide users with software tools to
quickly build industrial automatic control system monitoring and
general level. Before the appearance of the configuration software,
the industrial areas of the user by hand or entrust a third party to
write HMI (Human Machine Interface software), it has developed a
long time, low efficiency and poor reliability shortcomings; or buy a
dedicated industrial control systems. It usually is a closed system,
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the choice of small, often can not meet the demand, and it is difficult
to exchange data with the outside world, upgrade and add
functionality to be severely restricted. The emergence of the
configuration software configuration software allows users to build
a system which best suits their own applications. With the rapid
increase in the level of industrial automation, computer widely used
in the industrial field, a wide range of control equipment and
process monitoring devices in industrial applications, industrial
control software has been unable to meet the diverse needs of the
user. In the development of the traditional industrial control
software, once the industrial controlled object changes, it is
necessary to modify the source code control system, leading to long
development cycle; industrial control software has successfully
developed so that each control different repeated low usage, it's
expensive. General industrial automation configuration software can
be a good solution to the problems of traditional industrial control
software, enables users to any configuration of objects and control
purposes, the completion of the final automation control
engineering.
2. PLC Technology
PLC technology’s application in temperature monitoring system
analyzed and studied of the control system hardware, configuration,
schematic design, programming, the establishment of the
mathematical model of control object, control algorithm selection and
parameter setting, the design of the human-machine interface and so
on [8][9][10]. Based on the Mitsubishi FX series PLC controller,
temperature sensor transfers the detected the actual oven temperature
into voltage signals. Through analog input module it converts the
digital signal to the PLC for PID regulation. The PID controller output
is converted into high and low signal input control, controlling the
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zero trigger plate according to certain duty cycle conduction. It
controlled energization time of both ends of thermal resistance wire.

3- General description of scheme

The scheme of laboratory stand is shown in the figure 1 on this stand
an experiment of my paper was done. The signal from the
thermometer is transferred into the PLC through A/D converter which
modify the signal. Here we have two inputs (input of the feedback
temperature signal and input of the control reference signal).

The output of controller depending on the control error which is a
difference between two inputs. When the control error is negative, it
means that the temperature is too high . In this case PLC gives the
signal OFF for switch of heating unit. In other case when the
temprature is low , the PLC system send signal ON for switch of
heating unit. This situation is continuing unit desirable value of
temperature is reached.

3.1- Heating unit

Heating unit is the coil of MoSi2. When this coil is connected into
power supply the current is passing through the coil and produces the
heating power in the coil. This transmission depend on the rule which
said that.

P =TI’ R, where R is the resistance, I is the current, P is the power.
What means that the electrical energy is changed into heating energy,
then heating energy increases the temperature in the container of
water.

3.2- Measurement unit

Measurement unit PT 100 is a platinum resistance

Temperature detector which is suitable for temperature measurement
in application range from -60 to +400°C. The PT100 has a resistance
value of 100 Q at 0°C. The resistor change linear with the temperature
by approximately 0.4 per degree Celsius as shown in the table 1.
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Table 1 Represent the relation between temperature and

T °C R(Q) V[mV]
0 100 1250
10 103.9 1298.75
20 107.79 1347.37
30 111.67 1395.875
40 115.54 1444.25
50 119.4 1492.5
60 123.24 1540.5
70 127.07 1588.375
80 130.89 1636.125
90 134.7 1683.75

100 138.5 1731.25

resistance of sensor.

3.3- A.C Converter
The converter contains two thyristor. These thyristors are connected in
antiparallel, and control the power sent from supply into network
heating unit. The AC voltage controller converts the energy from
power source with fixed AC voltage level into AC but with different
value of the rms voltage at the output side this voltage supplies the
heating unit. The variable voltage AC output is used in control of
temperature.
3.4- PLC SIMATIC S7-200

In the paper a PLC SIMATIC S7-200 has been applied. The S7-
200 has very fast response time for counting and processing
instruction. The CPU214 build in 14 inputs and 10 outputs. If that is
not enough, you can expand the I / O size of your S7-200 CPUs by
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adding expansion modules. The CPU214 is connected with analog
input-output module 235 for particular application.

Figure 1 Block diagram of control plant

4-Temperature control.

4.1- power electronic converter.

Solid-state power components are able to control by the switching
voltage and current of high power level. The components are used in
power electronic system to perform specific energy conversion
function based on this switch ability. Power electronic system are
made by suitable interconnection of thermistor and transistor devices
and other components into a static energy converter. The term static is
used to emphasize the fact that there is no moving parts in these
system. The function of a static energy converter is to convert energy
from its input side an available from into another form at the output
side.
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4.1.1- structure and description of AC- voltage controller.

An AC voltage controller converts AC voltage (shifted voltage level)
at the input side (an AC) into AC but with different rms value at the
output side, which supply the load. The variable output voltage AC is
used to control lighting, heating and induction heating equipment as
well as fractional power and three-phase induction motors. AC voltage
controller produces an AC output voltage with variable rms value
from fixed voltage AC source input. A number of circuit
arrangements are possible for single phase and three phase
application.

The single phase AC voltage controller is obtained when thyristor Q»
is connected in antiparallel with Q; as shown in figure 2a. Thyristor
Qq is triggered at o t =a, whereas Qatriggered half a cycle later at o't
= n+a. In application up to 400Hz, triac is used in place of Q; and Q.
With inductive load the gate pulse are longer to attain current latching.
Figure 2b shows the output voltage waveforms for a resistive load.

It is observed in the circuit of figure 2a that the cathodes K; and K, are
not connected in common. The gates Q and Q must therefore be
isolated from each other. Otherwise the cathodes will be connected at
gating time and the thyristor will be shorted out.
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Figure 2 a,b Waveforms of single-phase AC voltage controller
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Figure 3 Single-phase AC voltage controller and illustration of operation
with resistive load

S.Analysis

The single-phase AC voltage controller with RL load circuit is
analyzed below. The presence of inductance results in some
constraints on angle o at which the SCR is triggered. It is important to
define the angle a in the following manner. The angle o by which Q;
is retarded is shown in figure 3, and is equal to angular displacement
between begins of starting voltage and point at which Q; begins
conduction. The antiparallel thyristor Q; is trigger at angle ot = n+a,
that is half cycle displaced from the starting point of conduction Q;.
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The analysis of single-phase AC voltage controller in figure 3 with RL
load circuit is as follow [ 1 ]. The AC source has a voltage waveform
shown in figure 2.3b given by :

v(t) =vysinwt (1.1)

Thyristor 1 is fired at ot = aand conducts while thyristor 2 is blocking,
which is reverse biased in the first half cycle. Current i; (t) flows
through thyristor 1 to the load. The current i; consists of a sinusoidal
steady state term and a transient term [1] .

i(t) = %’l‘sin (wt— @) +A e_?t (1.2)

The constant A is obtained from the initial condition that current is
Zero at mt=ao .

The conduction angle ¥ define the interval during which thyristor 1

conducts by a<= wt< a+". The current i; (t) is this given by:

v (x—wt)

i,(0) = { 32 [sin(wt — )] - sin(a— @) €2 o,
(1.3)

Here we have

| Z | =vVw?2I? + R? is impedance (1.4)
Tan(p=%l (1.5)
T= % time constant (1.6)
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At ot = o+, the current in thyristor 1 is zero and thyristor 1 ceases to
conduct. The conduction angle ¥ can therefore from the requirement
i;(a+7vy) =0, to yield :

sin(a +y — @) = sin(a — (p)eta;‘éw (1.7)

An alternative from ti determine ¥ is obtained from Eq 1.6 as

—Y __=tan(a — @) (1.8)

etana —cosy

The conduction angle ¥ is required to be less than 7, so that thyristor 1
ceases to conduct prior to firing of thyristors 2 to ot=n+a.from this,
we thus conclude that a should be greater or equal to ¢.

Omin=9 (19)

If a is chosen to be equal to @, the i; (t) is purely sinusoidal as the
transient term drop out and the conduction angle ¥ = n. Eq 1.7 is used
determine ¥ for a givenaand @ [ 1 ].

For resistive load =0 and the current 1; (t) is a part of sinusoidal ;

i, (t) = T—msinwt (1.10)

z|
Where Z = R.
The conduction angle vy is given by the relation :
y=n—o (1.11)

The output voltage Vy (t) at the load terminal is equal to the source
V(t) in the time intervals during which either thyristor conducts as
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shown in figure 4. it is clear that the an average value of V(t) is zero
over one cycle of the source voltage. The effective value of the output
voltage is obtained from;

2
vgrms=:—‘;‘ [sin2a — sin 2(a + y) + 2y] (1.12)

The ratio of effective value of output and source voltage is therefore
given by:

v 2T

Vorms =\/[sin 2a—-sin2(a+vy)]+2y (1 13)

Where V is rms value of source voltage

If substitute in Eq 1.13 by Eq 1.11 so yield :

Vorms __ \/[sin 2a—sin 2m]+2(m—o)

= (1.14)

2T

The source current i(t)is equal to the output current and
average value of i(t) is zero over one cycle of the source voltage. The
rms value of load can be calculated from :

Vorms

IO rms — R

v |[sin 2a — sin 21| + 2(a — m)
[orms = —
R 2m
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5.4- results of simulation model

The model of the system with PI controller and ON-OFF
controller have been investigated. Time constants of control plant
were assumed equal to T,= 0.1, T2= 3. The waveforms for both
controllers gave nearly the same result of controlled temperature.
Because the model with ON-OFF controller gives the same result, it is
more convenient to use this model which is easier in application. The
waveforms are presented in figure 5 and 6.

120
100

80 /
o /

. S

N4

0 T T T T T 1
0 1000 2000 3000 4000 5000 6000

Figure 5 waveform of ON-OFF controller

The real waveforms of converter voltage and current have not
remarkable ice. This is a reason to simplify the model of converter.
The examplesform of temperature and converter power are shown in
figure 5. There are por difference between temperature curves in
figure 6 this process that proposed simplification can be accepted. The
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simplified model of converter leads to much shorter time of
simulation.

The waveform presented in figure 7 was a desired as result of
control process with ON-OFF controller and real parameters of
controlled plant (T;=80.64, T2=4844.1)
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Figure 6 waveform of PI controller
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Figure 7 waveform of ON-OFF controller with real parameter

6. Conclusion

The paper solved the problem of digital control of temperature on
laboratory stand by means of PLC. The result of experimental
identification of laboratory system gave the relation between
temperature and time. From this relation the calculation of inertia of
control plant has been done. The control program written for
SIMATIC 200 realized an algorithm of ON-OFF controller. In
experiment ON-OFF controller operation with different parameter of
hysteresis was analyzed. From analysis of the result we found that
hysteresis 0.5,-0.5 is the best because leads to less ripple in controller
temperature. From figures, we can read the range of temperature
variation, which depends on width of hysteresis.
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The experimental result confirmed the simulation investigation of the
system. This control system can be applied in many industrial
processes
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Abstract

The objective of this study is to optimize the process by
applying the Taguchi method with orthogonal array robust design
.Taguchi Parameter Design is a powerful and efficient method for
optimizing the process, quality and performance output of
manufacturing processes, thus a powerful tool for meeting this
challenge. Off-line quality control is considered to be an effective
approach to improve product quality at a relatively low cost. The
Taguchi method is one of the conventional approaches for this
purpose. Off-line quality control is considered to be an effective
approach to improve product quality at a relatively low cost. The
Taguchi method is a powerful tool for designing high quality
systems. The approach is based on Taguchi method, the signal-to-
noise (S/N) ratio and the analysis of variance (ANOVA) are
employed to study the performance characteristics. The results
obtained by this method will be useful to other researches for
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similar type of study and may be eye opening for further research

on tool vibrations, cutting forces etc.

Keywords: Taguchi method, structural equation modelling (SEM) -
ANOVA, S/N Ratio.
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1- Introduction

Genichi Taguchi is a Japanese engineer who has been active in the
improvement of Japan’s industrial products and processes since the
late 1940s. He has developed both the philosophy and methodology
for process or product quality improvement that depends heavily on
statistical concepts and tools, especially statistically designed
experiments. Taguchi Method is a standardized method of Design of
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Experiment (DOE) to study the effects of multiple variables
simultaneously for determining the optimum result.

Taguchi has developed a methodology for the application of designed
experiments, including a practitioner’s handbook. This methodology
has taken the design of experiments from the exclusive world of the
statistician and brought it more fully into the world of manufacturing.
Taguchi introduces his approach, using experimental design for
designing products processes so as to be robust to environmental
conditions and designing and developing products or processes so as
to be robust to component variation, and also to minimizing variation
around a target value. Taguchi approach to design of experiments in
easy to adopt and apply for users with limited knowledge of statistics.

The Contributions of this research are to illustrate procedure adopted
in using Taguchi method and to demonstrate the Taguchi’s method to
improve the process parameters.

2- An Introduction to Design of Experiments (DoE)

In general usage, Design of Experiments (DoE) or experimental
design is the design of any information-gathering exercises where
variation is present, whether under the full control of the experimenter
or not. However, in statistics, these terms are usually used for
controlled experiments.

In the Design of Experiments, the experimenter is often interested in
the effect of some process or intervention (the "treatment") on some
objects (the "experimental units"), which may be people, parts of
people, groups of people, plants, animals, etc.
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2.1- Principles of Experimental Design:

1. Comparison 2. Randomization
3. Orthogonality 4. Factorial experiments
5. Analysis

2.2- Design of Experiments (DoE) via Taguchi Method

The Taguchi method involves reducing the variation in a process
through robust Design of Experiments. Taguchi developed a method
for designing experiments to investigate how different parameters
affect the mean and variance of a process performance characteristic
that defines how well the process is functioning. DoE process via
Taguchi Method is mainly divided into three phases:

1. Planning phase
2. Conducting phase

3. Analysis phase

DoE involves the following major steps to complete an effective
designed experiment:

State the problem(s) or area(s) of concern

1

v
State the obiective(s) of the exneriment

Select the quality characteristic*(s) and measurement system(s)
|

Select the factors that may inﬂuenc*e the selected quality characteristic

\ 4

Identify control and noise factors (Taguchi-specific)

A\
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Select levels for the factors

Select the appropriate orthogonal array (OA) or OAs
|

y

Select interactions that may influence the selected quality characteristics or
go back to step4 (iterative steps)

Conduct tests descril?ed by trails in OA(s)

A 4

Analyze and interpret results of the experimental trails
I

\ A0 X
Conduct confirmation experiment
|

Assign factors to OA(SY and locate interactions

A 4

Parameter Design

Figure 1: Pictorial depiction of general steps involved in the DoE via
Taguchi Method and additional possible steps, depending on the
complexity of the analysis

e State the area(s) of concern

A statement is developed that clearly and concisely describes the
problem that can be viewed as any difference that exists between an
ideal situation and the actual situation.

e State the objective(s) of the experiment

A determination of the required performance per customer
requirements and competitive benchmarks is done. It provides exit
criteria for the experiment.
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Select the quality characteristic(s) and measurement systems

The determination of the quality characteristics to measure as
experimental outputs, greatly influence the number of tests that will
have to be done to be statistically meaningful.

Select the factors that may influence the selected quality
characteristic(s)

A determination of a list of factors to be evaluated in the experiment is
done for their effect on the selected quality characteristic(s). The
determination of which factors to investigate, hinges upon the product
or process performance characteristic(s) or response(s) of interest. A
screening of the experiment is done to identify the few factors out of
the many possible factors that actually have a substantial effect on the
quality characteristic if interest.

3 - Identify Control and Noise factors

Control factors are those factors that a manufacturer can control in the
design of a product; design of process, or during a process. Noise
factors are those factors that a manufacturer cannot or wishes not to
control for cost reasons. Noise factors may be controlled temporarily
during an experiment, but in an actual production or customer
environment may not or cannot be controlled at all because they are
either too expensive or impossible to control on a continuous basis,
the focus of the experiment should be on the effects of the true control
factors.

3.1. Select Levels for the factors

A determination of the values for the levels of the selected factors and
the number of levels for each factor is done. A minimum of two levels
are required to evaluate a factor’s effect on a given quality
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characteristic. After selecting the important factors, more levels may
be evaluated without the penalty of using a large experiment. When
multiple levels are utilized, the levels should be equally spaced (equal
intervals between levels) for analytical reasons.

3.2. Select the appropriate orthogonal array(s)

Orthogonality means that factors can be evaluated independently of
one another. The determination of the appropriate orthogonal array(s)
for the experiment depends upon-

a. The number of factors and interactions of interest.

b. The number of levels for the factors of interest.

c. The desired experimental resolution or cost limitations.

Small arrays can be drawn out manually; large arrays can be derived
from deterministic algorithms. Generally, arrays can be found online.
The arrays are selected by the number of parameters (variables) and
the number of levels.

Using the array selector table shown below, the name of the
appropriate array can be found by looking at the column and row
corresponding to the number of parameters and number of levels.
Once the name has been determined (the subscript represents the
number of experiments that must be completed), the predefined array
can be looked up. Links are provided to many of the predefined arrays
given in the array selector table. These arrays were created using an
algorithm Taguchi developed, and allows for each variable and setting
to be tested equally.
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3.3 Array Selector:

Number of parameters (p)

D)) 4 5678 9|10 11215 41516 17180920 210\2 1B\ 48 5561082800

Mumber of kevel

Y4 48| 18] 8|18 L2 L2 (LY (L12) 006 |L16 |L16) L6 |L32 | L32 (132|032 |32 | 132|132 | 132 |L32 | L2 |L32|L32 132|132 132 (132

3
9| 19| 19 |L18) LI8 |LI8| L18 |L27 127 |L27|L27 {127 |16 36 |L36 | L36 | 136 | L36 | L36 | L36 | 136 | 136

416 |16 L16 | 18| 132 | 132 132 | 132|132

L25 | 125|125 L25| 125 |L50| L50 |L0 | 150 (130 |L50

Figure 2: Array Selector

4 - Analysis of Variance (ANOVA)

ANOVA is a statistically based, objective decision making tool

for detecting any differences in average performance of groups of
items tested.
The ANOVA procedure was used to determine the percentage
contribution of each of the factors studied. ANOVA is similar to
regression and is used to investigate and model the relationship
between a response variable and one or more independent variables.

Analysis of variance (ANOVA) is simply an example of the general
linear model (GLM) that is commonly used for factorial designs. A
factorial design is one in which the experimental conditions can be
categorized according to one or more factors, each with two or more
levels.

For example, an experiment might present two types of visual Stimuli,
each at three different levels ofeccentricity. This would correspond to
a 2 3 ANOVA, inwhich the six conditions correspond to unique
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combinationsof each level of the ‘stimulus-type’ and ‘eccentricity’
factors.

In univariate ANOVA, each condition furnishes one measurement for
each of multiple replications. When each level of one or more factors
is measured on the same thing, for example, the same subject
contributes data to each level; the ANOVA is called a repeated-
measure ANOVA. Such factors are also called within-subject factors,
as distinct from between-subject factors, for which the levels can be
considered independent (ANOVAs that contain both within-subject
and between-subject factors are sometimes called mixed ANOVAs).
A 1 2 repeated-measures ANOVA corresponds to a paired (or
dependent samples) t-test; 1 2 between subject ANOVA corresponds
to an unpaired (or independent samples) t-test. Repeated-measures
ANOVAs include additional covariates in the GLM to capture
variance across measurements (e.g., between-subject variance),
normally reducing the residual error and hence improving statistics for
the effects of interest. This is in fact one type of analysis of
covariance, or ANCOVA, in which the data are adjusted for covariates
of no interest Analysis of multiple measurements per condition is also
possible (multivariate ANOVA, or MANOVA), though this can be
formally reduced to a univariate ANOVA with additional factors and
proper treatment of the error term, so is not discussed further here.
Finally, ANOVA (and the GLM) can be considered special cases of
linear mixed-effects (LMEs) models, though many of the issues to do
with error covariance modelling are generalized later in the text.

There are three different general linear models for ANOVA:

(1) -Fixed effects model (Model 1) makes inferences that are specific
and valid only to the populations and treatments of the study. For
example, if three treatments involve three different doses of a drug,
inferential conclusions can only be drawn for those specific drug
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doses. The levels within each factor are fixed as defined by the
experimental design.

(i1) - Random effects model (Model 2) makes inferences about levels
of the factor that are not used in the study, such as a continuum of
drug doses when the study only used three doses. This model pertains
to random effects within levels, and makes inferences about a
population’s random variation.

(i) - Mixed effects model (Model 3) contains both Fixed and
Random effects. In most types of orthopaedic rehabilitation clinical
research, the fixed effects model is relevant since the statistical
inferences being sought are fixed to the levels of the experimental
design. For this reason, the fixed effects model will be the focus of
this article. Computer statistics programs typically default to the fixed
effects model for ANOVA analysis, but higher end programs can
perform ANOVA with all three models.

There are three assumptions of ANOVA:

(i) All populations involved follow a normal distribution.

(i1) All populations have the same variance (or standard deviation).
(iii)) The samples are randomly selected and independent of one
another.

4.1 - General Linear Model (GLM)

In matrix terms, the general linear regression model is:Y = X V + 8
Where, Y is a vector of responses, V is a vector of parameters, X is
the design matrix  of constants and 6 is a vector of independent
normal random variables.

4.2- Design Matrix

General Linear Model uses a regression approach to fit the model that
we specify. First it creates a design matrix, from the factors and
covariates, and the model that we specify. The columns of this matrix
are the predictors for the regression.
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The design matrix has n rows, where n = number of observations and
several blocks of columns, corresponding to the terms in the model.
The first block is for the constant and contains just one column, a
column of all ones. The block for a covariate also contains just one
column, the covariate column itself.

5- Components of ANOVA
5.1 — Degrees of freedom (DF):
Degree of freedom (DF) is a common term used in engineering and
science. However, there is no visible interpretation of DF applied to
experimental data. Regarding statistical analysis of experimental data,
DF provides an indication of the amount of information contained in a
data set. In DOE processes, DF is applied to characterize four separate
items as follows:

(1) — DF of a factor = number of levels of the factor — 1

(2) — DF of a column = number of levels of the column — 1

(3) — DF of an array = total of all column DFs for the array

(4) — DF of an experiment = total number of results of all trials — 1
In GLM, for interaction of factors, multiply the degrees of freedom for
each factor. For covariates, each covariate has 1 degree of freedom for
interactions between factors and covariates, multiple the degrees of
freedom for each. The degrees of freedom for the total Sum of
Squares (SSt) is n — 1, where n is the number of trials. The degree of
freedom for the Error Sum of Squares (SSg) is the degrees of freedom
of SSt minus the degrees of freedom for all the factors and covariates
summed.
5.2 — Sum of squares (SS):
The sum of squared distances SS Total is the total variation in the
data. SS Regression or SS Treatments is the portion of the variation
explained by the factors,
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5.3 — Mean square (MS):

The mean square for each component in the model is: SS /DF.

5.4 — F value:

It is used to test whether the terms in the model are significant. If all
the factors in the model are fixed, then the formula for F is:

MS (Term)
MS Error

And it follows the F distribution with degrees of freedom for the
term and degrees of freedom for error.

5.5 - P-value (P):
Used in hypothesis tests to help us decide whether to reject or fail to
reject a null hypothesis. The P-value is the probability of obtaining a
test statistic that is at least as extreme as the actual calculated value, if
the null hypothesis is true. A commonly used cut-off value for the P-
value is 0.05. For example, if the calculated P-value of a test statistic
is less than 0.05, the null hypothesis will be rejected.
The data from the arrays can be analyzed by plotting the data and
performing a visual analysis, ANOVA, Bin yield and Fisher's exact
test, or Chi-squared test to test significance.

Table 1: ANOVA Table

— ss MS F Ls
Between gr ,

ous _ SSp =) nix>~NX MS; =
(or “Factor” DFp =r-1 2 SSp/dfy MM

) .

Within grou

o N _ B MSW =
(or “Error”)
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Total* DFo =N-1| SSu=Yx>-N&>

SSw =X(n=1)sy?
SSut =SSp +SSw

Where,

e ris the number of treatments.

e 1, X, sjfor each treatment are the sample size, sample mean,
and sample standard deviation.

o P is the percentage contribution.

e N is the total sample size and X =} x/N is the overall sample
mean or “grand mean”. X can also be computed from the
sample means by

X = an)_(j/N

5.6. Confidence Level in ANOVA:

The confidence level describes the uncertainty associated with
a sampling method. A 90% confidence level means that we would
expect 90% of the interval estimates to include the population
parameter; a 95% confidence level means that 95% of the intervals
would include the parameter. Statisticians use a confidence interval to
describe the amount of uncertainty associated with a sample estimate
of a population parameter.

Compute alpha (a): o =1 - (confidence level / 100) = 0.05

In this step of performing ANOVA the following determinations
are done:
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i. Factors which are thought to be influential in changing the
average result or variation of the results

ii. How influential other uncontrolled factors may have been
during the experiment

1i1. Levels of the influential factors

iv. Expected results of the optimum combination of influential
factors and levels

v. Whether further improvement in results is possible

Since the procedure of ANOVA is very complicated and employs a
considerable of statistical formulae, so the easy way to analyse data
by using the Software MINITAB.

i- Conduct confirmation experiment

A validation or invalidation of the interpretation of the significant and
insignificant ~ factors and levels is done to achieve the expected
results. After determining the preferred combinations of the levels of
the factors indicated to be significant by the analytical methods, a
confirmation test is conducted using a specific combination of the
factors and levels previously evaluated.

ii- Parameter Design

The main thrust of Taguchi is the use of Parameter Design, which is
the ability to design a product or process to be resistant to various
environmental factors that change continuously with customer use.
Parameter design is to achieve high quality at relatively low cost in the
product or process by selecting the appropriate specifications to make
the performance less sensitive to causes of variation. It dampens the
effect of noise by choosing the proper levels for control factors.
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The control factors that may contribute to reduced variation
(improved quality) can be quickly identified by looking at the amount
of variation present as a response.
6 - Signal-to-Noise ratio(S/N)
Taguchi has created a transformation of the repetition data to another
value which is a measure of the variation present. The transformation
is the Signal-to-Noise ratio(S/N ratio). There are several S/N ratios
available depending on the type of characteristic: Lower is better
(LB), Nominal is best (NB), Higher is better (HB).
Noise factors are those that are either too hard or uneconomical to
control even though they may cause unwanted variation in
performance. It is observed that on target performance usually
satisfies the user best, and the target lies under acceptable range of
product quality are often inadequate. To determine the effect each
variable has on the output, the Signal-to-Noise ratio, or the S/N
number, needs to be calculated for each experiment conducted.
If Y is the performance characteristic measured on a continuous scale
when ideal or target performance is T then according to Taguchi the
loss caused L(Y) can be modelled by a quadratic function as shown in
equation (1)

L(Y)=K(Y-T) ... ... ... (1)

The objective of robust design is specific; robust design seeks
optimum settings of parameters to achieve a particular target
performance value under the most noise condition. Suppose that in a
set of statistical experiment one finds a average quality characteristic
to be p and standard deviation to be c. Let desired performance be p.
Then one make adjustment in design to get performance on target by
adjusting value of control factor by multiplying it by the factor (po/p) .
Since on target is goal the loss after adjustment is due to variability
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remaining from the new standard deviation. Loss after adjustment
shown in equation (2):

k (no/p)’o ... ... ... )
The factor (po/p) *reflects the ratio of average performance p* (which

is the signal) and o’(the variance of performance) the noise.
Maximizing (po/p)* or S/N ratio therefore become equivalent to
minimizing the loss after adjustment. Finding a correct objective
function to maximize in an engineering design problem is very
important.

The calculation of the S/N ratio for the first experiment in the array
above is shown below for the case of a specific target value of the
performance characteristic:

6-1 Lower is better:
For the case of minimizing the performance characteristic, the
following definition of the S/N ratio should be calculated:

1&G 2
S/Nis=-10Log(—~
LB Og(r Zl:yl)

6-2 Higher is better or Larger is Better:
For the case of maximizing the performance characteristic, the
following definition of the S/N ratio should be calculated:

1G 2
S/Nug =—-10Log(—
HB Og(r Zl:yl)

where

yi = response in i trial
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1 = Trial number

r = no. of observations in a particular trial

After calculating the SN ratio for each experiment, the average SN
value is calculated for each factor and level. This is done as shown

below for Parameter 3 (P3) in the array:

Table 2: Parameter Design by Orthogonal Array

In proposed work, Higher is better or Larger is better is considered.

. (SN3 + Sns + SN7)
3

SNrps,
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Experiment Number P1 P2 P3 P4 S~
1 1 1 1 1 S N1
2 1 2 2 2 S N2
3 1 3 3 3 S 3
4 2 1 2 3 S \4
5 2 2 3 1 S Ns
6 2 3 1 2 S N6
7 3 1 3 2 S N7
8 3 2 1 3 S ns
9 3 3 2 1 S N9

SN = (SNI + Sne + SN8)
3
SNpss = (SN2 + S;w + SN9)
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Once these S/N ratio values are calculated for each factor and level,
they are tabulated as shown below and the range RN (RN = high S/N -
low S/N) of the S/N for each parameter is calculated and entered into
the table. The larger the RN value for a parameter, the larger the effect
the variable has on the process. This is because the same change in
signal causes a larger effect on the output variable being measured.

Table 3: S/N Ratio Table

Level P1 P2 P3 P4
1 SNpii SN p21,1 SN P31 SN P4
2 SNpi2 SN p22 SN p3,2 SN py2
3 SNpis3 SN p23 SN p33 SN P43
Delta RN p; R Np; RN p; R Npy
Rank

7- Parameter Design Strategy

When the ANOVA on the raw data (identifies control factors which
affect average) and the S/N data (identifies control factors which
affect variation) completed, the control factors may be put into four
classes:

1. Factors which affect both average and variation (significant in both
ANOVAs)

ii. Factors which affect variation only (significant in S/N ANOVA
only)

iii. Factors which affect average only (significant in raw data ANOVA
only)

iv. Factors which affect nothing (not significant in both ANOV As).
The Parameter design strategy is to select the proper levels of classes I
and II to reduce variation and class III to adjust the average to the
target value. Class IV may be set at the most economical level since
nothing is affected.
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Analyzing and Examining Result:

Determine the parameters signification (ANOVA)-Analysis of
variance

Conduct a main effect plot analysis to determine the optimal level of
the control factors.

Execute a factor contribution rate analysis.

Confirm experiment and plan future application.

8 — Conclusion

Taguchi started to develop new methods to optimize the process of
engineering experimentation. He believed that the best way to
improve quality was to design and build it into the product. He
developed the techniques which are now known as Taguchi Methods.
His main contribution lies not in the mathematical formulation of the
design of experiments, but rather in the accompanying philosophy.
His concepts produced a unique and powerful quality improvement
technique that differs from traditional practices. He developed
manufacturing systems that were “robust” or insensitive to daily and
seasonal variations of environment, machine wear and other external
factors.

The Taguchi approach to quality engineering places a great deal of
emphasis on minimizing variation as the main means of improving
quality. The idea is to design products and processes whose
performance is not affected by outside conditions and to build this in
during the development and design stage through the use of
experimental design. The method includes a set of tables that enable
main variables and interactions to be investigated in a minimum
number of trials. Taguchi Method uses the idea of Fundamental
Functionality, which will facilitate people to identify the common goal
because it will not change from case to case and can provide a robust
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standard for widely and frequently changing situations. It is also
pointed out that the Taguchi Method is also very compatible with the
human focused quality evaluation approaches that are coming up. It is
found that the parameter design of the Taguchi method provides a
simple, systematic, and efficient methodology for optimizing the
process parameters.
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ABSTRACT

Today’s manufacturing companies have to create their own
competitiveness and should show their ability to optimize their
presence in their industry. Organizational Performance (OP) and
Total Quality Management (TQM) implementations noticeably
considered as important variables within manufacturing
companies. The study applied descriptive analysis using the
Statistical Package for Social Sciences (SPSS) and the Structural
Equation Modelling (SEM) with Partial Least Square (PLS)
Approach Version 3.0 which was characterized by its ability to
represent the unobserved concepts in the relationships and account
for measurement error in estimation process, and consequently
help in validating the hypothesized model. The primary focus of
this study is on the actual current status of TQM implementation,
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at all companies implementing formal TQM programs and those
companies simply adopting TQM practices. Data were collected
through the use of questionnaire, distributed to total quality
managers, quality assistant, control manager, general managers,
top manager production manager and quality experience. The
hypotheses were tested to establish the relationships between TQM
and OP in the manufacturing companies in Libya,

Keywords:Total Quality Management, Organization Performance.
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1. INTRODUCTION
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The manufacturing industry is one of the many services in the
industrial field, characterized by high customer’s contact with
individually customized service solutions, where performance has
been an increasing focus of research (Stock & Seliger, 2016) .
Investigated are the major determinants of service performance
quality, service features, customer complaint handling and situational
factors. Being the future intentions in the manufacturing sector, TQM
is the art of continuous improvement aimed at performance
(Androniceanu, 2017). TQM is an approach developed over recent
years in manufacturing and it can provide a direct response to the
globalization of manufacturing market and the increased pressure of
competitiveness (Al-Mijrab, A. S. A. 2011).Majority of successful
manufacturing companies have embraced TQM and realized its
invaluable contribution. Hence, the importance of TQM as an
effective pillar for achieving manufacturing excellence cannot be
denied. The concept of manufacturing excellence is considered as a
path to be the best manufacturer. It refers to the ultimate goal of
achieving best manufacturing capabilities or best-in-class
performance. Many researchers too, while developing their
frameworks, have taken TQM as an important parameter/enabler for
achieving manufacturing excellence. Hence, this endorses the view
that TQM excellence is a fundamental criterion or element for
achieving manufacturing excellence (Al-Dhaafri, Al-Swidi, & Yusoff,
2016).

2. BACKGROUND OF THE STUDY

Many organisations all over the world have tried to use TQM
to achieve increased competitiveness and improved financial result
(Oza & Shiroya, 2015). TQM is strongly promoted to have a good
organization performance, while pressure motivates the management
of any organisations to evaluate their business strategies and practices
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to become creative and innovative in order to increase their
performance. In this context, top management is required to
incorporate ‘quality vision’ into the goals and objectives of their
organisations(Nicholas, 2016). The effectiveness of an organisation is
consistent with techno-structural intervention theory, which lays
emphasis on productivity, performance factors and relationships
among workers. Techno-structural intervention strategies also focus
on the level of participation in development and change process of an
organisation. One of the key interventions that has been identified is
socio-technical system, which focuses on quality circles and TQM; the
factors which determine the effectiveness of an organisation through
continuous improvement (Mahmood, Qadeer, & Ahmed, 2015) .The
benefits of TQM are improved quality, employee participation,
teamwork, working relationships, customer satisfaction, employees
satisfaction, productivity, communication and market share (Ahmad,
Zakuan, Jusoh, & Takala, 2013).The concept of TQM is a
management philosophy that is widely implemented in various
organisations across the global arena. Organisations attempt to
improve its performance in order to gain competitive advantages and
to achieve many benefits (Mangula and Karugira 2013). Majority of
companies in the manufacturing industry of Libya have not
implemented the techniques of TQM. There is a wide spread lack of
implementation on the techniques of TQM. At present, the
implementation of TQM in manufacturing industries in Libya is
virtually non-existent. This is because the concept is still new to many
(Abusa, F. 2011). The main reasons for this low level of TQM
implementation in the manufacturing industries in Libya include: (i)
lack of vision, (ii) poor leadership, (iii) waste of expensive resources,
(iv) disregarding the potential of human resources as an important
agent for change, (v) overlooking customers, and (vi) the absence of a

233



June 2019 552 SJST

scientific, systematic approach towards organisational management.In
addition, there is a shortage of skilled managers and a very limited
implementation of quality management tools such as TQM Lack of
expertise to identify target consumers and attract them to buy their
products can also be one of the contributing factors (Alsaidi 2014;
Zwet, 2017).The results indicated that TQM could improve OP.

3. TOTAL QUALITY MANAGEMENT (TQM) AND

BUSINESS EXCELLENCE MODELS (BEMYS)

Business Excellence Models (BEMs) were first called Total Quality
Management (TQM) models. Today they are usually referred to as
Business Excellence Models (BEMs) as this term helps to
communicate the importance of “excellence” in all aspects of a
business, not just the product and process quality which were
previously used to assess how well business excellence (BE) core
values and concepts (the ingredients of success) are embedded in an
organisation. Organisations use TQM to understand and assess which
processes need to be improved to enhance results. This includes an
organisation’s environment, key working relationships and strategic
situation - including competitive environment, strategic challenges
and advantages, and performance improvement system (Doran &
Ryan, 2016; Mann, Mohammad, & Agustin, 2012). Business
Excellence (BE) is about developing and strengthening the
management systems and processes of an organisation to improve
performance and create value for stakeholders. BE is more than just
having a quality system in place. BE is about achieving excellence in
everything that an organisation does (including leadership, strategy,
customer focus, information management, people and processes), and
most importantly achieving superior business results. BEMs help
organisations to assess their strengths and areas for improvement, and
guide them on what to do next. BEMs provide senior managers with a
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holistic method to manage their business and get buy-in to key
decisions that will lead to sustainable and measurable success. In a
sense, BEMs serve as the organisation’s own internal business
consultant; ensuring that business decisions incorporate the needs of
all stakeholders which are aligned to the organisation’s objectives and
take into account current thought on international best practices. TQM
and BEMs have been the most popular in the past two decades. The
existing BEMs have, in most cases, been developed or supported by
national bodies as a basis for award programmers and for the
widespread adoption of the principles and methods of TQM and BE
(Dahlgaard, Chen, Jang, Banegas, &  Dahlgaard-Park,
2013).According to (Baldrige Performance Excellence Program,
2015), the Baldrige Excellence Framework, which refer to Baldrige
Performance Excellence, empowers the organisation to reach its goals,
improve results and become more competitive. Thousands
organisations around the world use the Baldrige Excellence
Framework as the core values and concepts, the criteria for
performance excellence, and the scoring guidelines to improve and get
sustainable results. Those recognized as national role models receive
the MBNQA; a Presidential award. More than 100 recipients have
broadly shared their best practices with others. The purpose of the
Baldrige framework is to simply help organisation or industry answer
three questions: Is your organisation doing as well as it could? How
do you know? What and how should your organisation improve or
change? By challenging the organisations with the questions that
make up the Criteria for Performance Excellence, it can explore on
how well the organisations are accomplishing what is important. The
seven critical aspects of Baldrige Excellence Framework on managing
and performing as an organisation; Baldrige Performance Excellence
Program (2015) are as follows: (i) leadership, (ii) strategy, (iii)
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customers, (iv) measurement, analysis and knowledge management,
(v) workforce, (vi) operations, and (vii) results. Figure 1 shows the
Baldrige Excellence Framework which is used in the United States but
has been adopted in many countries worldwide.

Figure 1: Baldrige Performance Excellence Program (2015)

The following shows an explanation to Baldrige’s dimensions of
TQM Dimension to summarize the definitions of Leadership, strategy
planning, customer focus, measurement analyse and knowledge
management, workforce focus, operation focus, and results under
Baldrige’s definition to be clarified (Ross, 2017). Leadership:
examines how your organisation’s senior leaders’ personal actions
guide and sustain your organisation. Also examined are your
organisation’s governance system and how your organisation fulfils its
legal, ethical, and societal responsibilities and supports its key
communities. Strategic Planning: examines how your organisation
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develops strategic objectives and action plans. Also examined how
your chosen strategic objectives and action plans are implemented and
changed if circumstances require, and how progress is measured.
Customer Focus: examines how your organisation engages its
customers for long-term marketplace success. This engagement
strategy includes how your organisation listens to the voice of its
customers, builds customer relationships, and wuses customer
information to improve and identify opportunities for innovation.
Measurement, analysis and knowledge management: examines how
your organisation selects, gathers, analyses, manages, and improves its
data, information, and knowledge assets and how it manages its
information technology. The category also examines how your
organisation uses review findings to improve its performance.
Workforce Focus: examines your ability to assess workforce
capability and capacity needs and build a workforce environment
conducive to high performance (Ross, 2017). The category also
examines how your organisation engages, manages, and develops your
workforce to utilize its full potential in alignment with your
organisation’s overall mission, strategy, and action plans. Operations
focus: examines how your organisation designs, manages, and
improves its work systems and work processes to deliver customer
value and achieve organisational success and sustainability. Also
examined is your readiness for emergencies. Results: examines your
organisation’s performance and improvement in all key areas product
and process outcomes, customer-focused outcomes, workforce-
focused outcomes, leadership and governance outcomes, and financial
and market outcomes. Performance levels are examined relative to
those of competitors and other organisations with similar product
offerings. Baldrige Performance Excellence Program (2015)

4. ORGANISATIONAL PERFORMANCE (OP)
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Performance is an important variable in any organisational and job
performance issues. There was an argumentation by (Robbins, &
Coulter, 2007)that success in performing a task is determined by
employee performance. In other words, performance is the decisive
factor for success. In relation to organisational success, manager needs
to focus their attention on OP in order to obtain optimal results. OP is
an indicator which measures how well an organisation accomplishes
its objectives (Valmohammadi, 2012). Various studies have shown
that there are five types of competence. First, knowledge of the
individual in a particular field of work or area, second, skill or the
ability to exhibit physical or mental performance, third, self-concept
or individual attitudes and values that espouses self-image, fourth,
traits or physical characteristics that being consistent to the situation
or information, and lastly, motives or thoughts or constant intentions
that serve as a basis and encourage individuals to act or behave in
certain ways ((Bahri, Hamzah, & Yusuf, 2012). Accordingly, most
commonly used methods for measuring OP can be classified under
five categories of performance: financial performance, operational or
internal performance, customer satisfaction, employee satisfaction,
and learning and growth. However, none of the related studies use the
same measures to evaluate OP, which makes it impracticable to draw
conclusions in order to compare their results. This finding was also
confirmed by (Martinez Costa, Choi, Martinez, & Martinez-Lorente,
2009) who stated that there is no clear agreement on the definition of
performance in the literature. In this study, financial and non-financial
criteria were used simultaneously to measure performance. They are
six TQM dimensions, and four OP dimensions as the relationships
between the concepts are shown in Figure 2

\ 4
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Figure 2. A Model shows the structural relationship between
TQM and OP

5. QUESTIONNAIRE DEVELOPMENT

The proposed research model of this study aimed to identify the
relationship between TQM practices, and OP, this study was designed
to identify the perceptions of TQM practices and OP in Libyan
industries. This study used quantitative methods to collect the data,
using a survey questionnaire. The data analysis was carried out using
SPSS, and SEM using Smart PLS version 3.0. A fundamental model
of TQM, and OP was established and validated using an advanced
quantitative technique of structural equation modelling. The
conclusion and recommendation from the results of the study were
derived from data analysis.

6. Evaluating the PLS-SEM measurementand structural
models

The software Smart-PLS 3 for conducting the PLSSEM analysis.

6.1 measurement model
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Internal consistency: According to Hair et al. (2010), composite
reliability is a better measure of internal consistency because it avoids
underestimation often seen with Cronbach’s alpha and accommodates
differences in indicator reliabilities expected by PLS-SEM. A
composite reliability of 0.6 is acceptable in exploratory research.
Indicator reliability: Outer loadings greater than 0.7 are

desirable.

Convergent validity: Average variance extracted (AVE) greater than
0.5 is preferred.

Discriminant validity: Fornell-Larcker criterion states that the square
root of AVE must be greater than the correlation of the reflective
construct with all other constructs; this criterion is not applicable to
formative measurement models and single-item constructs. The square
root of AVE is 0.522 and is greater than the construct correlations.

6.2 Structural model

Predictive accuracy, coefficient of determination (R2):

This statistic indicates to what extent the exogenous construct(s) are
explaining the endogenous construct. According to Hair, Ringle and
Sarstedt [18] and Hair et al. [19], in marketing discipline 0.25 (weak),
0.50 (moderate) and 0.75 (substantial).

Predictive relevance (Q2):

This statistic is obtained by the sample re-use technique called
Blindfolding’ where omission distance is set between 5 and 10, where
the number of observations divided by the omission distance is not an
integer.

Significance of path coefficients: Bootstrapping is needed, following
which p-values for the path coefficients are checked as showed in
table 1.

6.3 HYPOTHESES TESTING
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The PLS method to test hypotheses from both the temporal and
structural models. Accordingly, a full model which comprises the
structural model for all phases was identified, constructed and tested
along with supplementary pathways to examine the temporal models
beta coefficients for the model’s paths. A PLS takes measurement
errors into account, but not only that; it generates estimates of
standardized regression coefficients. The method of PLS can be
utilized to evaluate the relationship between the latent variables Hair
et al. (2011). The relationship between the study’s variables was
presented and hypothesized by the structural model. The result of the
direct relationship between the study variables is shown in Table 3.
The study found a positive relationship between TQM and OP.
Table 1: Testing the Direct Effect

Std Error
) . tval Decisi
Relationship Beta (STERR) value ecision
0.180 0.069 2.606** Supported
TQM -> OP

7. CONCLUSION

This study has specifically focused on TQM implementation in
Libyan industrial sector. The industrial sector of Libya plays a
significant role in the Libyan economy structure and growth rate, as
well as, plays a significant role in the development of society. This
study aimed to investigate the effect of TQM on OP in manufacturing
companies in Libya. In addition to that, the intention of the study is to
investigate the relationship between the TQM and OP, in the
manufacturing company in Libya. The results of the study provide a
practical support and explanation on the impact of TQM and OP in the
manufacturing companies. Using the six constructs of TQM and four
OP measures have been validated. Having refined the measurement
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models, and conducting validity and reliability test, significant
measurement items are retained to provide a good evaluation system
to measure the effects of TQM and OP. These two different supporters
are strongly recommended as a reliable measurement tool in the
improvement of organisational performance for both academics and
practitioners. Comparative study is conducted to examine the
differences in TQM implementation and organisational performance
in Libyan manufacturing companies. The results of this study can
hopefully be useful and act as a guide for Libyan manufacturing
compliance managers and practitioners to improve their organisational
performance through TQM.
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