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ABSTRACT

The present research is concerned with experimental and analytical studies of pre-
stressed concrete spliced and non-spliced girder models. The test groups consisted of (16)
girders of rectangular sections. Eight girders are spliced while the other eight are reference non
- spliced girders. Each spliced girder is composed of three concrete segments connected by
splices of ordinary reinforced concrete with hooked dowels different locations. The tested
girders were of single span or continuous over intermediate supports. For single span girders
two splices were used and post-tensioning was carried out for the full assembled girder. For
the continuous girders pre-tensioned segments were connected by splices at quarter spans.
Concentrated or uniformly distributed loads have been applied to the girders. The deflection
was measured at mid-spans while the strain was measured at splice zones and at mid-spans.

Nonlinear analysis of the girders was carried out using a modified computer program.
A comparison among the experimental and the analytical results for spliced and non-spliced
girders was carried out to study the effects of splicing for different girders. Results have
shown that at about 50% of the ultimate load which is approximately corresponds to the
serviceability limit state, the deflection of the spliced girders is greater than that of the
reference non-spliced girders in the range of (10%-15%) and the ultimate loads for the non-
spliced girders are greater than those of the spliced girders in the range of (12%-17%).

The difference in deflection between the Finite Element and the experimental results at 50% of
the ultimate load was in the range of (8%-12%). Moreover, the difference in the ultimate load
between the Finite Element and the experimental results was in the range of (5%-11%).
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INTRODUCTION
The difficulties in the construction of long span bridges under economical aspects of
time and cost have given inspiration to engineers to use segmental and/or spliced girders.
Splicing of pre-stressed precast segments can be carried out at inflection points.
Usually at segment ends; dowels of ordinary rebar reinforcements are overlapped at splice
zone prior to concrete casting at splice, Fig (1) .

Bt |

a) Mechanically Spliced Mild Reinforcement b) Lap Spliced Mild Reinforcement

Figure (1) Cast in- Place Splice
At each splice, a temporary support is usually used, Fig. (2). This construction
procedure is useful in continuous girders of spans longer than the available lengths of pre-
stressed -precast girders produced in local factories.

Temporary Temporary
Support Support

L T

Figure (2) Temporary Support at Splice Zone.
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SPLICING OF GIRDERS

The splicing of girders is used to increase the span ranges for precast pre-stressed
concrete girder bridges. A spliced girder is a precast pre-stressed concrete member usually
obtained by connecting pre-stressed concrete segments to obtain the required length of the
bridge girder.

Splice Location
The splice for any bridge is usually located at inflection points or as determined by the
requirements for bridge span. However, other considerations are also significant in
determining the splice location. These other considerations include:
e Splice has lower stress limits since it generally has a lower concrete strength.
e The only pre-stressing available at the splice may be provided by the post-
tensioning tendons if available.
e The use of a longer center girder segment may significantly increase the cost of
transportation and increases the size of crane or cranes required for handling and
erection.

Splice Width
The width of the splice depends on the duct splicing method used and on other

construction requirements. However, the width of the diaphragm at the splice may also be
changed if the splice width is changed, which could affect the design.

A typical splice width is 30 to 60 cm. Wider splices facilitate the placement and
consolidation of concrete in the site, although the use of a diaphragm at the splice also assists
in these processes. Wider splices, however, also require more field-placed concrete, and if they
are cast with the deck, the placement of concrete in the larger splice and diaphragm may slow
the progress of concrete placement in the deck. Wider splices also provide for more tolerance
in the placement of the girders, which significantly affects the alignment and splicing of the
ducts.

Splice Reinforcement

The reinforcement in the splice between girder segments is proportioned to satisfy the
requirements for;

e Stress limits for the splice at the service limit state

e Shear in the splice

e The reinforcement required to satisfy shear requirements to provide a significant

portion of the shear resistance. The hooked dowels or the nominal reinforcement is
provided across the shear interface.

The reinforcement must be computed as part of the limiting tensile stress for the splice
location. An area of reinforcement is required that resists the full tensile force in the concrete
at the splice at a working stress of 0.5 fy, where fy is taken as 414 MPa, neglecting the
contribution of the post-tensioning tendons crossing the splice.

The tensile force in the concrete is computed by determining the depth of tension zone
at the bottom of the splice, which will be designated as x. This is accomplished using the
absolute values of the computed stresses at the top and bottom of the splice. Therefore, x may
be computed as (Castrodale and White 2004):

X= [fbot/(f fbot)Jh (1)

top
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Where:

X is the depth of tension at the bottom of the splice.

foot 1S the absolute value of the computed stress at the bottom of the splice.

fiop IS the absolute value of the computed stress at the top of the splice.

h is the depth of the girder.

The tensile force, T, is then computed as the product of the average stress and the
width of the bottom flange as:

T = f,,....(tensilearea) = (f, ., / 2)[b,  X]

average

Where:

T is the tensile force.

faverage 1S the average stress.

bpot is the width of bottom flange of girder.

The required area of reinforcement is computed by dividing this tensile force by the
working stress of 0.5 fy to obtain:

A =T/05fy .3

where As is the area of splice reinforcement.

This area of reinforcement must be provided within the tension zone. The required
length to develop a hooked bar must be computed.

As required by LRPD(Castrodale and White 2004), stirrups shall be provided in the
splice with a spacing not to exceed the least of the spacing in the adjacent girder segments.
The same stirrup size and detailing should be used.

The reinforcement in the splice should be detailed so that access to splicing the post-
tensioning ducts will not be significantly restricted.

(2

Duct Splicing Detail

The detail for splicing of the duct should be obtained from a supplier. The length of the
coupler and other duct splice details are important factors in determining the width of the
splice.

The ducts should extend approximately 7.5cm into the coupler, so they must project at
least 15cm from the end of the girder segment, Fig. (3).

15cm Dt Projection
"

Cuct Coupler
1 \ 1

N BRI

________ - L ———————

/

_/ ~ 20cm
Projecting
Duct

35¢cm

Figure (3) Schematic detail of duct splice[3]
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SHEAR KEYS
Shear keys are provided in some bridges as an added factor of safety at the splice
location.

TEST GIRDERS.

In this study eight spliced girders have been tested divided into three main groups. The
first two groups each contains three specimens, and the third group contains two specimens.

The first group includes girders B1, B4, and B7, each having 3 pre-tensioned segments
that results in a 2m length over two spans (i.e. three supports). Each is subjected to a
concentrated load P at mid-span. The girder cross-sections were rectangular having
dimensions of 75mm in width and depth of 160mm for B1&B7 and 140mm for B4.

The second group includes girders B2, B5, and B8 each having 3 reinforced concrete
segments that results in a 4m length over one span (i.e. two supports) subjected to a uniform
distributed load W over the entire span. The girder cross-section was rectangular having
dimensions of (100mm) in width and total depth of (220 mm) for all girders.

The third group includes girders B3, and B6 each is of 3 pre-tensioned segments
resulting in a 6m length over three spans (i.e. four supports). Each is subjected to a uniform
distributed load W over the entire span. The girder cross-section was rectangular having
dimensions of (100mm) in width and total depth of (220 mm) for all girders.

Figures (4, 5, and 6) shows the dimensions of the girders and reinforcement details
with pre-stressing and ordinary steel. The details of cross — sectional dimensions , pre-
stressing reinforcement, and ordinary reinforcement for the test girders are described in Table

(D).

Eight non-spliced girders have been tested and considered as a reference to the spliced
girders.

A special pre-stressing bed has been designed and fabricated for the following
purposes:

(i) pre-tensioning of segments for girders B1, B4, B7, B3, and B6.

(ii) post-tensioning of three assembled ordinary reinforced concrete segments to

provide girders B2 and B8.

(i) pre or post-tensioning of reference girders.

The initial wire stress was 1000 MPa for all cases.
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Fig. (4) Dimensions and reinforcement details of Girders (B1, B4, and B7).
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Fig. (5) Dimensions and reinforcement details of Girders (B2, B5, and B8).
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Fig. (6) Dimensions and reinforcement details of Girders (B3 and B6).

Table (1) Dimensions and reinforcement details for the first three groups.

B1 Pre-tensioning 13
e tc | soqmens 1 1570 | 40 |480| 25 |480| 25 |80 | 4
X
o | spliced by 1 1570 | 40 | 480 | 25 |480| 25 | 480 | 4 | concentrat.
75140 ordinary R.C. 13 od load
splices
B7 2 1570 | 40 |480| 25 |480| 25 |480] 4
100x160 27
B2 RC. i 27 | 1570 | 40 | 480 | 25 |480| 25 | 480 4
100x220 | segments
. Uniform
G2 |[B5 spliced by 2 1570 | 40 | 480 | 25 | 480 | 25 | 480 4 | dgistributed
100x220 | POt 27 load
tensioning
B8 3 40 | 1570 | 40 | 480| 25 |480| 25 | 480 4
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100x220

B3 Pre-tensioning 27 1570 40 480 25 430 | 25 | 480

100x220 | segments Uniform
G3 B6 Sp“Ced by 40 480 25 480 25 480 distributed

100x220 | Ordinary RC. 97 load

splices

foy = proof yield tensile strength of pre-stressed steel

Test Results

Each spliced girder (Bi) has the same characteristics of the corresponding non-spliced
girder (BiR).

The load-deflection curves of spliced girders versus that of the non-spliced girders are
shown in Figures (7 to 14). Deflection of the girders was measured at mid-span for each girder
by using a dial gage with travel distance of (30 mm) and accuracy of (0.01mm). Since the
girder specimens are of short span the camber value of all beams was insignificant
experimentally.

It is shown for different cases that the spliced girders have more deflection than that of
the non-spliced girders. At about 50% of the ultimate load which corresponds to the
serviceability limit state the deflection of the spliced girders is greater than that of the non-
spliced girders in the range of (10%-15%). The ultimate loads for the non-spliced girders are
greater than those of the spliced girders in the range of (12%-17%).
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Fig.(7) Girder B1 -B1R, Load — deflection variation at mid-span considering the splicing

effect.
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Fig.(8) Girder B4 —-B4R, Load — deflection variation at mid-span considering the splicing
effect.
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Fig.(9) Girder B7 —-B7R, Load — deflection variation at mid-span considering the splicing

effect.
2.50
2.00 —
E 150 — B2 With Splices
= W
= EEEEEEEEENR
3 I
S 1.00 B2R Without Splices
W
+l|']] YVYVVVYVVVY ﬁ
0.50 I 4 I
—@)— B2 Exp. With Splices
—ll— B2R Exp. Without Splices
0.00 I r I : I :

0.00 5.00 10.00 15.00 20.00 25.00
Deflection (mm)

Fig.(10) Girder B2 -B2R, Load — deflection variation at mid-span considering the
splicing effect.
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Fig.(11) Girder B5 —-B5R, Load — deflection variation at mid-span considering the
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Fig.(12) Girder B8 —-B8R, Load — deflection variation at mid-span considering the

splicing effect.
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Fig.(13) Girder B3 -B3R, Load — deflection variation at mid-span considering the
splicing effect.
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Fig.(14) Girder B6 —-B6R, Load — deflection variation at mid-span considering the
splicing effect.
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Finite Element Analysis

The finite element analysis was carried out using a modified computer program
originally developed by Al-Sharabaaf (AL-Shaarbaf 1990).

The first group of girders (B1, B4, and B7) are each of two spans and 1m length for
each span and have been analyzed using the finite element method for one half of the girder
discretized into 56 quadratic brick elements. The second group of girders (B2R, B5R, and
B8R) and the third group (B3 and B6) are analyzed by the finite element method by taking one
quarter of each specimen with 32 and 48 brick elements respectively. Fine meshes were used
at mid-span for each specimen.

The longitudinal reinforcement and stirrups were simulated as embedded one
dimensional elements into the brick elements and the pre-stressing tendons were idealized
approximately as a series of pre-stressing steel segments each of which is straight and has
initial tensioning force and a constant cross-sectional area along its length.

The finite element analysis has been carried out using the 27-point integration rule, with
a force convergence tolerance of 1 %, following the modified Newton-Raphson method.

The concentrated loads for girders (B1, B4, and B7) were modeled as line loads
uniformly distributed across the width of the girder and the uniformly distributed load for the
other girders was modeled as groups of line loads uniformly distributed across the width of the
girder (lumping procedure).

Table (2) shows the material properties, the adopted material parameters and the type of
failure of these girders. The numerical load-deflection curves obtained for all girders are
shown in Figs.( 15 to 22). The finite element results show good agreement with the
experimental results. The deflection of these girders was less than that obtained for spliced
girders.

Table (2) Material properties and material parameters, and type of failure.

* Concrete Group 1 Group 2 Group 3
(B1,B4, | (B2,B5 | (B3,and
and B7) and B8) B6)

Elastic modulus, E; (MPa)* 33460 29725 29500

Compressive strength, f 40 40 41

(MPa)*

Tensile strength, f; (Mpa)* 3.3 3.9 3.8

Poisson’'s ratio, v 0.2 0.2 0.2

Compressive strain at f;* 0.0018 0.0018 0.0018

Ultimate compressive strain* 0.0039 0.004 0.0041

Cracking tensile strain* 0.002 0.002 0.0021

o1 6 6 6
o2 0.5 0.5 0.5
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* Reinforcing steel
Elastic modulus Es (MPa) 200000 200000 200000
Yield stress, f, (MPa)* 480 480 480
Ultimate strain 0.018 0.018 0.018
Yield strain 0.0018 0.0018 0.0018
* Pre-stressing steel
Elastic modulus Es (MPa) 195000 195000 195000
Yield point fy* 1570 1570 1570
Ultimate strain 0.035 0.035 0.035
Yield strain 0.002 0.002 0.002
Poisson's ratio 0.3 0.3 0.3
Type of failure
Crushing | Crushing | Crushing in
in concrete | in concrete | concrete

e measured by test
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"""" B1 With Splices
l 1
T lm | | L”jj
= m
= B1R Without Splices
o —
g ! !
<
o
— I T
2.00 — \‘J
| 1 1 |
I f
—©— B1 F.E.M. With Splices
~ id B1R F.E.M. Without Splices
0.00 —¥ . I . I . I .
0.00 4.00 8.00 12.00 16.00
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Fig.(15) Girder B1 -B1R: F.E.M. load — deflection variation at mid-span considering the
splicing effect.
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Fig.(16) Girder B2 -B2R: F.E.M. load — deflection variation at mid-span considering the

Load W (kN/m)

3.00

splicing effect.

2.00 —

1.00 —

0.00

B3 With Splices

W
vyVvy

YYVVYVVY

=Y

Il

ithout Splices

w

w
VIVIVIVY

vV

1 2 | 2

]

I

2\I
|

—@— B3 F.E.M. With Splices
»»»»»»»»»»»»»»»»»»»»»»»»»»»» B3R F.E.M. Without Splices

0.00

5.00

| ' | ' |
10.00 15.00 20.00
Deflection (mm)

25.00

Fig.(17) Girder B3 -B3R: F.E.M. load — deflection variation at mid-span considering the

splicing effect.
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Fig.(20) Girder B6 —-B6R: F.E.M. load — deflection variation at mid-span considering the
splicing effect.
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Fig.(21) Girder B7 -B7R: F.E.M. load — deflection variation at mid-span considering the
splicing effect.
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Fig.(22) Girder B8 —-B8R: F.E.M. load — deflection variation at mid-span considering the
splicing effect.

Discussion of Results

Table (5.6) summarizes the experimental and the finite element results for the spliced
and non-spliced test girders. The table shows the deflection at 50% of the ultimate load for
each girder which approximately corresponds to the serviceability limit state. Also given in the
table is the ultimate load capacity for each girder.

All the differences for the above two cases results are normalized with respect to the
analytical (Finite Element) results for the corresponding non-spliced case.
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Table (5.6) Summary of Experimental and Analytical Results for the Test Girders

Girder Mid-span Deflection at 50% of the Ultimate Load (Normalized)
No. Ultimate Load (Normalized)
Non-Spliced Spliced* Non-Spliced* Spliced*
(F.E.M.) (F.E.M)) Experimental Experimental

Bl 1.000 1.211 0.912 0.773
B2 1.000 1.226 0.937 0.851
B3 1.000 1.292 1.090 0.832
B4 1.000 1.191 0.921 0.847
B5 1.000 1.177 0.930 0.831
B6 1.000 1.320 0.920 0.822
B7 1.000 1.223 1.150 0.767
B8 1.000 1.200 1.087 0.850

*Normalized with respect to the Finite Element Result for non-spliced corresponding case.

CONCLUSIONS

- The nonlinear finite element method presented in this study was shown to be capable of
reproducing the experimental response of the spliced pre-stressed concrete girders. The
isoparametric brick elements with embedded steel bars proved to be suitable for predicting
the state of ultimate load and deflections with good accuracy. Generally, the differences with
experimental values (in deflection or ultimate load) were in the range (8-12%) for the case of
spliced and non-spliced girders.

- The experimental results showed that at about 50% of the ultimate load which corresponds
to the serviceability limit state the deflection of the spliced girders is greater than that of the
non-spliced girders in the range of (10%-15%) and the ultimate load for the non-spliced
girders is greater than that of the spliced girders in the range of (12%-17%).

- The concept of lumping equivalent nodal forces used in the present study is capable to
simulate the loads exerted by the pre-stressing tendon upon the girders. The contribution of
the pre-stressing tendon stiffness to the element stiffness is found to have some effect on the
analysis.
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ABSTRACT

The present study reports the effect of temperature and liquid hourly space
velocity (LHSV) on the cumene cracking reaction rate and selectivity by using a laboratory
continuous flow unit with fixed bed reactor operating at atmospheric pressure. The
prepared HX zeolite was made from Iragi kaolin with good crystallinity .The activity and
selectivity of prepared HX-zeolite was compared with standard HY zeolite and HX zeolite
catalysts in the temperature range of 673-823K and LHSV of 0.7-2.5 h™%. It was found that
the cumene conversion increases with increasing temperature and decreasing LHSV at
823K and LHSV of 0.7 h™ the conversions 65.32, 42.88 and 59.42 mol% for HY, HX and
prepared HX catalysts respectively and at LHSV of 2.5 h™ and the same temperature the
conversions decrease to 29.24, 12.53 and 22.89 mol%, respectively .1t also found that the
benzene yield increases with increasing temperature at 823K and LHSV of 0.7 h™ the
benzene yields were 58.79, 38.56 and 54.56 mol% for HY zeolite , HX zeolite and
prepared HX zeolite, respectively and the selectivity to benzene is nearly constant over
the studied temperatures range. The kinetics of cumene cracking ( the kinetics parameters-
rate constant )and activation energy are used in this study to characterize differences
between various catalysts. The reaction was found to be first order with activation energy
equal to 78.58 , 89.10 and 97.77 kJ/mol for HY, prepared HX and HX, respectively.
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INTRODUCTION

The cracking of pure hydrocarbon and in particularly the dealkylation of cumene
can provide important method for investigation the nature of catalyst [Prater and
Lago,1956]. The dealkylation of cumene has been recognized as suitable rapid method for
screening catalysts as compared with the gas oil method because it is possible to analyze
the reaction products with a gas chromatographic analysis rather than by distillation,
effecting an appreciable saving in time [Nicholson D. E. ,1955].

Donald and Wojciechowski (1977a) studied the catalytic cracking of cumene and
they observed over 60 reaction products and the selectivity behavior of the major ones has
been examined. They used a fixed bed reactor charged with LaY zeolite catalyst. A total of
67 compounds have been isolated in the reaction products. Twenty-eight of these have been
found to be light hydrocarbons up to a boiling point of 80°C and include most isomers of
Cs, Cs, and Cg. The remaining fractions contain phenyl compounds, 29 of which have
higher boiling points than dipropyl benzene and comprise less than 0.1% of the total
products.

Cumene dealkylation reaction on fresh catalyst had been reported to be promoted
by Bro::nsted acid sites [Tanabe K.,1970]. The high selectivity of the reaction over acid
catalysts is related to the high proton affinity of the benzene ring and to the stability of the
ejected carbonium ion [Peter A. J.,1977].

The catalytic cracking of cumene commences with chemisorption of cumene on a
single active site. This is followed by splitting the molecules to propylene and benzene.
The reverse reaction, the alkylation of benzene to cumene requires the adsorption of either
benzene or propylene on an active site followed by a radical mechanism [Donald and
Wojciechowski,1977b].

The knowledge of the kinetics of the reaction at the active sites is of primary
importance in determining the nature and the difference between catalytic action in
heterogeneous catalysis [Prater and Lago,1956].

Haensel V.(1951) has used cumene as a test for cracking catalyst (silica-alumina) at
a reaction temperature between 350-550°C and LHSV 5 h™ in fixed bed reactor. He found
that the yields of benzene are ranging from 5- 39 wt%, and found that the reaction is partly
reversible in the lower temperature range.

Plank and Nace (1955) studied the cumene cracking and coke formation over silica-
alumina at 800-1000 F° (699.66-810.77 k) and 2-6 h™ LHSV in fixed bed reactor and found
that when temperature increases the conversion of cumene increases, and decreases as
LHSV increases.

Schwab and Sieb (1964) studied the catalytic activity and the activation energy in
the cracking of cumene, and they found that the replacement of the Na ion by divalent
cations Ca or Mg decreased the activation energy of 231 kJ/mole by a factor of 2.

Pansing and Malloy (1965) reported, the cracking rates which are inferred from the
rate of appearance of propylene gas are thus liable to serious error; however rates
determined from benzene appearance are more reliable. The value of activation energy
obtained by Pansing and Malloy was 86.52 kJ/mole.

Donald and Wojciechowski (1977b) used cumene cracking reaction to evaluate the
activity of 100/140 mesh of LaY zeolite catalyst. And they studied the kinetic of cumene
dealkylation over LaY at three reaction temperature 360, 430, and 500°C in tubular reactor
and they assumed that the endothermic chemisorption of cumene must be in order to
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construct a plausible picture of the reaction energy surface, and they were also shown that
the diffusion limitations affects the rate of catalyst decay to a different extent than the rate
of reaction ,and they also found the activation energy for the dealkylation of cumene to be
94.5 kJ /mole .

Corma and Wojciechowski (1980) studied the initial selectivities for primary
products in the catalytic cracking of cumene on HY and LaY zeolite catalysts in an integral
fixed bed glass tubular reactor . It was observed that the reaction products and their
characteristics behavior have been found to be the same for both LaY and HY zeolites at
360, 430 and 500 °C, which is due to the similarity in the nature of the active sites in both
catalysts. At a temperature range 360-500°C the obtained selectivity for benzene ranged
from 0.16 to 0.94 and from 0.65 to 0.94 mol% over HY and LaY zeolites, respectively.

Selim et al. (1992) studied the activities of different Nd-zeolite prepared from the
original NaX and NaY zeolites by ion exchange at reaction temperature between 300-
420°C by using microcatalytic technique. Cumene cracking was used as a reaction model
and found that NdY-zeolite was more active than NdX-zeolite, and the reaction is a first
order with an activation energy of 67.2 kJ/mol. Also it was observed that the catalytic
activity at the same temperature was found to be higher for Y-zeolites than that
corresponding X-zeolite.

Al-Kattaf and de Lase (2001) used a riser simulator to study the kinetics of cumene
cracking over two sizes of zeolite crystals (0.4 and 0.9 um). It was shown that the kinetics
follows first order reaction and the main reaction pathway of cumene cracking involves the
cleavage of the isopropyl group to produce benzene and propene.

Samar, K. Dh. (2008) prepared HX-zeolite from Iragi kaolin . The catalytic
activity of catalyst prepared from local kaolin was studied by using cumene cracking as a
model for catalytic cracking and compared with standard HY zeolite and HX zeolite
catalysts. The activity test was carried out in a laboratory continuous flow unit with fixed
bgld reactor at duration time in the range 10-240 minutes, temperature 823 K , and LHSV 1
b

This work deal with the study of the effect of temperature and LHSV on the cumene
cracking reaction rate and selectivity by using prepared and standard catalysts and the
study of kinetic of dealkylation process .

MATERIALS AND CATALYSTS PREPARATION
-Cumene

Cumene supplied by BDH with 98% purity was use as a feedstock in this work. It has
molecular weight 120.20 g/mol, density of 0.860 g/cm® and boiling point of 423K.

-HY-Zeolite

HY-Zeolite (CBV600) was supplied from Zeolyst International (UWE Ohlrogge
(VF)) as a powder. This zeolite has 0.2 wt% of Na,O, SiO,/Al,03 mole ratio of 5, unit cell
of 24.3 A, pore volume of 0.92 and surface area of 660 m?/g. A 70 g of HY-zeolite as a
powder was mixed with 30 g montmorillonite clay as binder. The chemical composition of
montmorillonite is: 51.3%Si0,, 28.73%Al,03, 1.3%Na,0, 3.4% CaO, and 3.3 % MgO.
The resulting mixture was mixed with water to form a paste. The paste was placed in a
cylindrical cavity of 2 cm inside diameter, and 10 cm long. Extrudates shapes were
obtained when the paste was compressed manually. Very uniform spaghetti shaped paste
was ejected and put in a porcelain crucible at room temperature overnight. Extrudates were
dried in a programmable electrical furnace at 120°C for 2 hr. The calcination was done at
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550°C for 2 hr. Then the calcined extrudates were cut into 4-8 mm long [Samar, K.
Dh.,2008] .

NAX-ZEOLITE

Synthetic crystalline zeolite type 13X was delivered by Linde Company as a pellets (3x5)
mm. This catalyst has 14 wt% of Na, SiO»/Al,03 mole ratio of 2.2, unit cell of 24.9 A,
pore volume of 0.35, and surface area of 340 of m?/g. Hydrogen-form from standard Na-
X zeolite was prepared by ion exchange method of the original Na-X catalyst with
ammonium nitrite solution [Samar, K. Dh.,2008].

PREPARED HX-ZEOLITE

The prepared HX-zeolite from Iraqi kaolin was prepared by steps consisting from; a gel
formation step of metakaolin in alkaline medium in presence of additional silica to
crystallize the zeolite was achieved at 60 °C for 1 hr, and with stirring. In ageing step of
the reactants at room temperature for 5 days and crystallization step at 87+2 °C for 24 hr.
The next steps were decantation, washing, filtration and drying. A 100 g of catalyst powder
was prepared by mixing 25 g of the binding material which is kaolin with 75g of catalyst
powder and the paste was placed in a cylindrical cavity a extrudates shapes were obtained
when the paste was compressed manually then the extrudates were dried and calcined . The
hydrogen-form catalyst was prepared by ion exchange method of the original catalyst with
ammonium nitrite solution .This catalyst has 0.848 % Na,O, SiO,/Al,O3 mole ratio of
2.8,pore volume 0.318 cm?®/gm and surface area 290.19 m?/g after ion exchange [Samar,
K. Dh.,2008] .

ACTIVITY TEST

The cracking activity tests were performed in a continuous laboratory unit . Figure 1 shows
the process flow diagram of this unit. The unit consists of feed tank, flow meter, feed
pump, evaporator, reactor, separator, collector and cooler with appropriate control system
for heating. The reactor was a carbon steel tube with an outside diameter of 1.9 cm, 2 mm
thickness and 80 cm length. A 30 cm® (17 cm height) fresh catalyst was charged to the
reactor between two layers of inert materials (glass balls). The catalytic cracking reaction
conditions, employed are temperature 673-823K, liquid hourly space velocity of 0.7-2.5 h™*
(0.35-1.25 ml/min of cumene )and the pressure kept atmospheric. The charged catalyst
was replaced of each temperature. Liquid products were trapped by condenser at -5 °C ,
collected periodically and analyzed by using gas chromatography.The gas chromatography
model Packard 438A was used for the analysis .This device equipped with column of
0.25mm diameter, 50 m length and FID detector.

CATALYST ACTIVITY

Cumene cracking was chosen as a model to evaluate the activity of the prepared HX-
zeolite and to compare the results with the activity of the standard catalysts HY and HX
Zeolite. Cumene conversions over the prepared and standard catalysts were determined
after the first 10 minutes of each run.
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RESULTS AND DISCUSSION

Effect of LHSV and Temperature

Figures 2,3 and 4 show the effect of LHSV on conversion at different temperatures using
HY- zeolite , HX- zeolite and prepared HX-zeolite .

From these figures the changes of cumene conversion are function of LHSV (which is
inverse of space time). At LHSV of 0.7 h™ and temperature 823K, the conversions of
cumene are 65.32, 42.88 and 59.42 mol% for HY, HX and prepared HX catalysts,
respectively and at LHSV of 2.5 h™ and the same temperature the conversions decrease to
29.24,12.53 and 22.89 mol%, respectively.

As the LHSV increases cumene conversion decreases which means that decreasing in the
residence time offers a less of contact time for cumene with catalysts.

The above mentioned figures show that the cracking rates favor low LHSV. These
observations agree well with the previous investigation reported by Plank and Nace (1955)
and Selim et al. (1992).

The conversion increases as the temperature increases over the studied catalysts (fig. 2-4 ).

At 673K and LHSV of 0.7 h™}, the conversions are 9.0, 1.4 and 5.9 mol% for HY, HX and
prepared HX catalysts respectively, while at 823K using the same LHSV the conversions
reach 65.32, 42.90 and 59.42 mole% respectively.

This is attributed to the increase of active sites that can be used for the reaction when the
temperature increases. These observations are well agreed with the results reported by
Plank and Nace (1955), Ahmed J. A. (1982 ), Emad F.M. (1985) , Selim et al.(1992) and
Al-Khattaf and de Lasa (2001).
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Figure 2 Effect of LHSV on Cumene Conversion at Different Temperatures Using
HY Catalyst.
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Figure 3 Effect of LHSV on Cumene Conversion at Different Temperatures Using HX
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Figure 4 Effect of LHSV on Cumene Conversion at Different Temperatures Using
Prepared HX-zeolite.
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KINETICS OF CUMENE CRACKING

The obtained results from the laboratory reaction unit of cumene cracking were analyzed
by the available kinetic models.

The results correlated with zero, first and second order Kinetic equations (eq. 1,2 and
3)assuming ideal plug flow models[Prater and Lago,1956 and Levenspiel,1999].

K
X, =—" (1)
Ceu, LHSV
K
=X )=—" e
1-X,) sy 2)
1 X, K
.3

Cou 1-X_ LHSV

The results show that cumene conversion data have a deviation from the zero and second
order kinetic models and well correlated with first order kinetic model as shown in figures
5-7, and that in agreement with Prater and Lago(1956), Lyandres et al.(1969) , Corma and
Wojciechowski (1982), Selim et al. (1992), Al-Khattaf and de Lase (2001) and Jennifer et
al. (2006) .

Plots of conversion vs. 1/LHSV shown in figures 5-7 give straight lines with slopes equal
to rate constants. The results of the rate constant at different temperatures for the three
catalysts are given in table 1 .These values decreases in the following order: HY>Prepared
HX > HX, which is may be due to the effect of pore volume, Si/Al mole ratio and acidity
difference among the studied catalysts.

Table 1, Values of Rate Constant for 1% Order Reaction Rate.

— HY HX Prepared HX
I] B k h' I]
I‘ 673 0.060 0.016 0.040 I‘
I| 723 0.186 0.141 0.217 ||
I| 773 0.491 0.281 0.477 ||
823 0.729 0.396 0.634
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Figure 7 First Order Test of Prepared HX.

THERMODYNAMICS OF CUMENE CRACKING

The apparent activation energy for the cumene cracking reactions was calculated by using
the Arrhenius equation(4), which satisfies the relationship between rate constant and the

reaction temperature.

Ea
k= koe(_RT) (4

The plot of In k vs. (1/T) shown in figures 8-10 used for activation energy calculation
using HY, HX and prepared HX.

The values of apparent activation energy for HY, HX and prepared HX catalysts are78.58 ,
97.77 and 89.01 kJ/mol, respectively .

The role of catalyst is the reduction of the energy barrier for the reactants to reach the
complex state which then decomposes to product. As the apparent activation energy
decreases the reaction rate increases and catalyst activity increases.
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Figure 9 Plot of —Ink vs 1/T for HX Catalyst.
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Figure 10 Plot of —Ink vs 1/T for Prepared HX Catalyst.

YIELD AND SELECTIVITY

By plotting cumene conversion vs. benzene yield a straight line is obtained with a slope
equal to benzene selectivity and as shown in figures 11-13.

It was found that the benzene yield increases with increasing temperature. At 823K and
0.7 hr'! the benzene yields were 58.79, 38.56 and 54.56 mol% for HY zeolite , HX zeolite
and prepared HX zeolite, respectively. And at the same LHSV and at 673K the benzene
yields were decreased t0 6.53, 1.00 and 4.40 mol%, respectively.

Benzene selectivity is nearly constant over the studied temperature range for HY, HX and
prepared HX . This is also observed by Peter et al. (1974) ,Donald and Wojciechowski
(1977a)and Corma and Wojciechowski (1980).
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Figure 11 Benzene Yield as a Function of Cumene Conversion for HY Catalyst at
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Figure 12 Benzene Yield as a Function of Cumene Conversion for HX Catalyst at
Different Temperatures.
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Figure 13 Benzene Yield as a Function of Cumene Conversion for prepared HX at
Different Temperatures.

CONCLUSIONS

e Cumene conversion increases with temperature increasing from 673 to 823K and
decreases with the LHSV increasing from 0.7 to 2.5 h™.

e From the Kkinetic study for cumene cracking over the studied catalysts, it was found
that the reaction follow first order reaction model.

e It was observed that the values of activation energy(E,:) for catalytic cracking of
cumene over the standard and prepared catalysts take the following order:

o E,of HX-zeolite> E, of Prepared HX-zeolite >E, of HY-zeolite.

e 4. All the standard and prepared catalysts gave high benzene selectivity, and no significant
change in selectivity was observed. While the yield exhibits a variation between the
catalysts activity, and increases with the temperature increasing from 673 to 823K.
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INTEGRATION OF MOBILE PHONES INTO LAN
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ABSTRACT

The aim of this paper is to integrate mobile phones into LANs by connecting the two parties and
providing the mobile with a transparent access to the services and resources hosted by the LAN.
Quick assessment of the typical related approaches for accessing LAN (like WLAN and Bluetooth
BNEP) shows that they are inappropriate for mobile phones. The paper further inspects the LAN
access approach based on Bluetooth PAN Profile and marking up its potential drawbacks. A
modified approach is proposed and implemented by altering the access nature or model from peer-
to-peer communication to a client/server service providing, and switching from BNEP to
RFCOMM protocol.
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INTRODUCTION

The objective of current telecommunication environment is the availability of all communication
services anytime, anywhere, to anyone, by a single identity number (address) and a pocket-sized
communication terminal. Achieving these goals means that the communication system must support
mobile clients, which requires that the communication terminals (that clients hold) are mobile too.
[WINCH1998]

Although originally targeted for different scopes of applications, those two environments (of mobile
phones and computer networks) can be joined together to come out with new horizons, tools and
approaches for the current classical applications domain. Mobile phones will gain access to
enormous volume of resources (which they lack) hosted by computer networks. On the other hand,
computer applications can reach out and extend to the very large market segment of mobile phones
(according to International Telecommunication Union the number of mobile subscribers is
2,137,069,400 subscribers, about 32% of the world population have mobile phones). [ITU2006]
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The connection (integration) of mobile phones with computer networks is not a new aspect. It had
already been well established in the enterprise (WAN) and micro (PAN) scales. The integration
trend has not (widely) commercially targeted the in-between local (LAN) scale yet. Due to several
reasons (discussed later in the paper), the current standards and technologies used successfully to
connect other types of mobile devices (like PDAs and laptops) to the LAN are usually impractical
to be used with mobile phones. This problem is addressed by the paper by proposing an approach to
connect mobile phones to LAN and integrating the two environments by providing the mobile
phone with a proper and transparent access to the resources and services hosted by the LAN.

e MOBILE PHONE CONNECTIVITY

Mobile phone's connectivity to computer networks can be categorized into three models according
to the scale of the geographic area covered by the connected network. Each model (or category) has
its unique architecture and applications. [PAN 2003]

Wide and Metropolitan Area Network (WAN/MAN) Model

Mobile phones use data carrier services (embedded within the cellular mobile phone network and
usually provided by the network operator), like GPRS and EDGE, to connect to WAN/MAN
networks. Since these services are part of the mobile network, and since mobile networks are
interconnected all over the world with other mobile networks and computer networks (like the
Internet), then WAN/MAN networks provide virtually a global coverage.

An illustration of this model is shown in Fig. 1. Mobile phone sends/receives data packets over
GPRS, EDGE or similar data carrier services. All the data is directed to/from data network gateway,
which links the mobile and data networks together. The gateway translates between data carrier
service format and the destined data network format.

This model is suitable for such applications as web browsing, emails and other public Internet
services. It also can be used with private enterprise applications where a connection to a private
computer network is required. This connection is achieved either through the Internet by using VPN
approach or by making a direct connection between the private computer network and the data
network gateway.

Data Network
Gateway
£ Firewall
Base Station ( anate LAN Network ()

Mobile ¢4
Phone
Web Server \

Email Server

p

w@@é’“@
\&

<
Y
b

Fig. 1 — WAN/MAN Connectivity
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Local Area Network (LAN) Model

Mobile phones use wireless LAN (WLAN) standards, like IEEE 802.11, to connect to wireless
computer networks, or to conventional wired computer networks through a wireless access point.
Such wireless networks cover a typical range of 100m (usually the whole network is located within
single building).

An illustration of this model is shown in Fig. 2. This model can be used for private custom
applications where a high end mobile phone with advanced specifications (large memory, fast
processor, high resolution display and wireless network interface card) is used as a very light hand
held smart terminal (the same function as PDA).

5y 8
&S

Fig. 2 — LAN Connectivity

Personal Area Network (PAN) Model

Mobile phones use short-range wireless technologies (like infrared or Bluetooth) or short distance
wired standards (like RS-232 or USB) to form or to join a PAN network. Such networks cover a
typical range of 10m (usually the networked devices are located in the vicinity of a single person).

An illustration of this model is shown in Fig. 3. Possible applications of this model would be
connecting the mobile phone to a computer in order to transfer files (ring tones, wallpapers ... etc.)
between the two devices, synchronizing and backing up important data (address book, schedule,
calendar ... etc.) or using the mobile phone as a modem by the computer. All of these applications
are based on exchanging data between the mobile phone and the computer that it is directly
connected to; therefore, PAN connectivity is used as a cable replacement by mobile phones (and
similar mobile devices).

NS
D) 8 (f«/)

Fig. 3 — PAN Connectivity
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e ACCESSING LAN THROUGH PAN

It is possible to use PAN to access a remote network (LAN or WAN/MAN) through a Network
Access Point (NAP), Fig. 4 shows this approach. NAP is a device that is connected to both PAN
and the remote network. The NAP can be a dedicated specialized device or just a conventional
networked device like desktop computer. The main job of NAP is to act as a link through which
other devices in the PAN can reach the remote network. NAP may operate at different levels
(bridge, router, gateway or proxy) depending on the differences between the two networks it is
connected to. [PAN2003]

- ——
— ~ <

7 - ~
L Network_ AN
7 Access Point \

Fig. 4 — Connecting to Remote Networks via PAN

LAN-through-PAN can be important for mobile phones (as compared to using PAN to access
WAN/MAN) for the following reasons:

e WLAN is hardly ever supported by mobile phones for two main reasons. First, WLAN
consumes a lot of power, which means the typical mobile phone battery will be drained
quickly. Second, mobile phones with WLAN are very expensive. Therefore, the number of
mobile phone models, their prices and their sales volume make the LAN connectivity model
virtually impractical.

e WLAN is a new aspect in the mobile phone industry as compared to PAN (infrared, USB
and Bluetooth) which is a well-known feature that is offered by many models previously
and most of the models currently. Hence, by using PAN to access LAN there is no need to
replace the current mobile phone devices with newer ones in order to achieve LAN
connectivity.

e Although private LANs can be accessed through WAN/MAN model, but this requires the
approval of a third party represented usually by the mobile network operator to use the data
service provided by the network. This scheme also requires either connecting the private
LAN to the Internet and using VPN, or having a direct access to the mobile network data
service. All these requirements will increase the cost, security risks and management
complexity.

e BLUETOOTH

As mentioned before, PAN can use different communication technologies, but the most popular and
suitable is Bluetooth especially regarding mobile phones. Bluetooth is a wireless communication
standard for cable replacement between digital devices by using simple, low cost and low power
communication modules with non-directional short range, frequency hopping and ad-hoc radio
links. Therefore, it meets all the requirements imposed by the nature and purpose of PAN (in
general) and limitations of mobile phones (in particular). Beside that, several older phone models
and almost all current models are supplied with Bluetooth. Hence, Bluetooth will be a logical
choice to implement a LAN-through-PAN solution.
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Bluetooth System Architecture

Bluetooth system architecture is segmented into several layers. These layers, some of which are
shown in Fig. 5, form the Bluetooth protocol stack that can be logically partitioned into the
following groups: [GANGULI2002]

e Transport protocol group: facilitates the identification of other Bluetooth devices. It also
configures and manages the physical and logical links, allowing the higher protocol layers to
transmit data through these layers. The layers of the transport protocol group work together
and form a virtual pipe that is used to transport data from one device to another. This group
includes radio, baseband, Link Manager Protocol (LMP), Host Controller Interface (HCI)
and the Logical Link Control and Adaptation Protocol (L2CAP) layers.

e Middleware protocol group: provides additional protocols that help new and existing
applications to operate over Bluetooth links. It consists of both third party and industry
standard (usually Internet related) protocols and the protocols defined by the Bluetooth
Special Interest Group (SIG) for wireless communication in Bluetooth devices. The third
party and industry standard protocols include protocols such as Point-to-Point Protocol
(PPP), Internet Protocol (IP) and Transmission Control Protocol (TCP) while the protocols
defend by the SIG include protocols such as Radio Frequency Communication (RFCOMM),
Bluetooth Network Encapsulation Protocol (BNEP) and Service Discovery Protocol (SDP).

e Application Group. The application group includes the actual applications that use
Bluetooth links. These applications are not necessarily aware of the Bluetooth wireless
communication. An example of such applications is a Web browsing client.

UDP | TCP
IP
I
OBEX PPP | .........
RFCOMM BNEP SDP
L2CAP
Host Controller Interface
LMP
Baseband

Bluetooth Radio

Fig. 5 — Bluetooth Protocol Stack

Bluetooth Protocols

The core Bluetooth protocols defined by the Bluetooth specification, and shown in Fig. 5 are:
[GANGULI2002]

Bluetooth Radio helps to transmit and receive data over the air. The frequency band used by
Bluetooth devices is the globally available unlicensed ISM band ranging from 2400 MHz to 2483.5
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MHz. Within the band, Bluetooth has 79 channels spaced 1 MHz apart. The choice of this band
takes into consideration the size and power limitations of most mobile devices.

Baseband is responsible for the determination and instantiation of the air interface by defining
processes to identify other devices and establish connectivity between them. The key functions
performed by the baseband include connection creation, selection of a frequency hopping sequence,
timing hops, operations related to power control and security, packet processing and the selection of
link types. The baseband layer and the radio layer can be functionally correlated to the physical
layer of the Open Systems Interconnection (OSI) reference model.

LMP performs all the functions related to link management. These functions include for example
link setup, link security and link configuration. In addition, LMP layer offer other management
services like time management, mode control management and power management. The LMP uses
the underlying services of the baseband layer to manage the links; therefore, it does not perform
operations related to information delivery.

L2CAP is specifically concerned with functions such as protocol multiplexing (sharing of the air
interface between multiple protocols and applications), segmentation and reassembly of data
packets and negotiating an acceptable level of service.

RECOMM provides the protocol stack with the support of serial communication similar to that in
cable technology. RFCOMM provides a Protocol Data Unit (PDU) structure to emulate the RS-232
control and data signals over the baseband layer. The upper level services are thereby provided with
capabilities to transport both control and data signals by using the serial line transmissions.

SDP is a simple protocol that allows devices to locate and gather information about the services of
other devices. SDP involves communication between an SDP server and an SDP client. The server
maintains a list of service records that describe the characteristics of services associated with the
server. Each service record contains information about a single service. A client may retrieve
information from a service record maintained by the SDP server by issuing an SDP request. SDP
uses a request/response model where each transaction consists of one request PDU and one
response PDU.

BNEP is used to transfer both control and data packets over Bluetooth to provide networking
capabilities for Bluetooth devices. BNEP encapsulates packets from various networking protocols,
which are transported directly over the Bluetooth L2CAP. [BNEP2003]

Bluetooth Network Topology

The connection between Bluetooth devices can be either point-to-point (between two Bluetooth
devices) or point-to-multipoint (several Bluetooth devices connected to each other). Either way, a
Bluetooth connection creates a network known as a Piconet. Each piconet consists of one master
controlling unit and up to seven active slave units. All Bluetooth units participating in the piconet
are time- and hop-synchronized to the same physical channel. The master unit's system clock and
Bluetooth address determines the hopping phase and sequence of the piconet physical channel. The
software and hardware specifications of a master and slave unit are the same. However, the unit that
establishes a piconet becomes the master unit controlling all traffic within the piconet.

The spectrum of connectivity in a piconet is increased by formation of multiple piconets in the same
area. Overlapping piconets form a Scatternet. As a result, a Bluetooth device can also participate in
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Fig. 6 — Bluetooth Piconet and Scatternet

multiple piconets at the same time (but not as a master in both of them). A piconet and scatternet
are shown in Fig. 6. [GANGULI12002]

*BLUETOOTH PAN PROFILE

The Bluetooth PAN Profile describes how two or more Bluetooth enabled devices can form an ad-
hoc network and how the same mechanism can be used to access a remote network through a NAP.
Bluetooth PAN Profile is based on BNEP, which is used to provide networking capabilities for
Bluetooth devices. Several device roles are defined by the profile to organize cooperation and
interaction between PAN devices. [PAN2003]

BNEP Protocol

If two applications run on two different devices within the Bluetooth network but each application
uses a different network layer protocol (for example IP and IPX over Bluetooth), then in order for
the two applications to interoperate and exchange information, a common packet format needs to be
defined to encapsulate network layer protocols over the Bluetooth media.

The same thing applies for the scenario when one of the devices is part of a Bluetooth network and
the other is part of another type of network (like Ethernet). BNEP encapsulates packets from
various networking protocols, which are transported directly over the Bluetooth L2CAP.

BNEP is implemented using connection oriented L2CAP channels. The Bluetooth is considered as a
transmission media in the same OSI layer as Ethernet, Token Ring, etc. L2ZCAP is considered as the
Bluetooth MAC layer. The Bluetooth device address space is administrated by the IEEE, and is
assigned from the Ethernet address space. This means that it is possible to build a Bluetooth
network access point as a bridge between Bluetooth devices and an Ethernet network.

The use of the BNEP for transporting an Ethernet packet is shown in Fig. 7. BNEP removes and
replaces the Ethernet header with the BNEP header. Finally, both the BNEP header and the

Ethernet Header Ethernet Payload
14 B AN 0 - 1500/1504 B AN
N N
N N
N N
N N
L2CAP Header BNEP Header Ethernet Payload
4B >=18B 0 - 1500/1504 B

Fig. 7 — Using BNEP to Transport Ethernet Packets
Ethernet payload is encapsulated by L2CAP and sent over the Bluetooth media. [BNEP2003]
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PAN Profile Device Roles

Bluetooth PAN Profile defines three roles or services:

o Network Access Point (NAP): A Bluetooth device that supports the NAP service is a
Bluetooth device that provides some of the features of an Ethernet bridge. The device with
the NAP service is simply referred to as NAP. The NAP and the PAN User exchange data
using BNEP. NAP has an additional network connection to a different network media in
which the Ethernet packets are either exchanged via Layer 2 (Data Link) bridging or Layer 3
(Network) routing mechanism.

e Group Ad-hoc Network (GN): A Bluetooth device that supports the GN service is able to
forward Ethernet packets to each of the connected Bluetooth devices (PAN Users) as
needed. The GN and the PAN User exchange data using BNEP. GN does not provide access
to any additional networks. Instead, a GN is intended to allow a group of devices to form
temporary network and exchange information.

e PAN User (PANU): This is the Bluetooth device that uses either the NAP or the GN service.
PANU supports the client role for both the NAP and GN role.

The NAP/GN performs Ethernet Bridge functions to forward Ethernet packets from one PANU to
another PANU or from a PANU to another network. NAP/GN regards each established Bluetooth
BNEP connection as a valid Bridge Port. Thereby the NAP/GN shall perform bridging between all
of the BNEP connections. In addition, NAP regards the optional Ethernet connection as a valid
Bridge Port too (if the NAP is acting as a bridge and not as a router, otherwise a normal routing is
performed by the NAP). Fig. 8 shows the protocols used in each of the three roles and their
interaction with each other. [PAN2003]

| Network Bridge / Router |

X
SDP | BNEP <« BNEP | SDP £
N 5
L2CAP L2CAP 3
LMP |a—{ LwP g E
€0
Baseband ——p Baseband &
PANU NAP
SDP | BNEP | ——p BNEP | SDP
|—
L2CAP L2CAP
LMP [ —p LMP
Baseband | ——] Baseband
PANU GN

Fig. 8 — NAP, GN and PANU Device Roles

e PROPOSED MODIFICATIONS TO BLUETOOTH'S PAN PROFILE

Bluetooth SIG engineered the Bluetooth protocol stack from ground up to support PAN.
Furthermore a specific protocol, BNEP, and device role are designed to enable a Bluetooth device
act as a NAP allowing other devices in the PAN to reach for LAN or WAN/MAN through it.
However, using Bluetooth PAN Profile and BNEP to implement a LAN-through-PAN solution for
integrating mobile phones with computer network services has the following downsides:
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e The Bluetooth PAN Profile and BNEP were designed from the beginning so that more
capable computing devices like desktop or laptop computers can benefit from them. That
doesn't mean that these standards will not work with the less capable devices like mobile
phones, but it means that no commercial mobile phone product has supported the PAN and
BNEP vyet (i.e. no current mobile phone model has a built-in support for PAN or BNEP).
Therefore, in order to implement a LAN-through-PAN solution, one needs first to
implement a BNEP protocol and a PAN profile.

e BNEP is a Bluetooth based protocol. It will not work with different networks like infrared or
future short-range wireless standards. That means if a NAP is built based upon BNEP and
Bluetooth PAN Profile, the only way to connect to this PAN is through Bluetooth. Although
Bluetooth is very promising and efficient but future upgrades and network standards
spectrum served by such a NAP would be limited to Bluetooth technology only.

e In order to make use of the BNEP and Bluetooth PAN Profile network, transport and
application layers must be available on and supported by the Bluetooth device (PANU). As
mentioned before, BNEP and Bluetooth PAN Profile were designed with minds set to
desktops, laptops and similar computing devices as main targeted devices. Such rich
resourced devices can easily afford the complex structure of multilayered network protocol
stack, especially for the upper and intermediate layers. On the other hand, mobile phones are
limited in resources and a simpler networking structure is preferred.

Fig. 9 shows the proposed approach to implement a LAN-through-PAN solution. The following
modifications are made to the PANU and NAP architecture, shown previously in Fig. 8:

- Bluetooth technology is still used between PANU and NAP; however RFCOMM s used instead
of BNEP since, unlike BNEP, virtually every Bluetooth device supports RFCOMM.

- The NAP does not forward packets from PANU to PANU (i.e. does not perform GN role). It is
unlikely that networking is required between the PANUSs (mobile phones) and if it is, then they can
connect to each others using separate one-to-one Bluetooth connections.

- The network bridge/router is replaced by a network services proxy at the application layer level.
The proxy is loosely coupled with the lower networking layers so that the networking technologies
and standards used can be upgraded and/or changed with no or minimum alteration to the proxy
implementation itself. This makes the NAP more flexible and network type independent. In
addition to that, the proxy acts on behalf the mobile phone to access the required network services
and obtaining the results, relieving the mobile phone from carrying out network housekeeping
tasks.

It is much more practical and appropriate to design mobile phones network solutions as a thin client
with the minimum basic functionalities and relocate all the complex tasks to a more capable device
that will act as a fat server (which in our case can be the NAP, a dedicated server or both of them).

| Network Services Proxy |

SDP | RFCOMM | —p] RFCOMM | SDP Protocol
Stack
| ——|
L2CAP L2CAP

LMP || LMP Remote

Network

Baseband | Baseband Connection
PANU NAP

Fig. 9 — Modified NAP and PANU Architecture
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* PROPOSED SYSTEM DESIGN

This section briefly demonstrates the design of a system that implements LAN-through-PAN model
based on the modified Bluetooth PAN profile that is proposed by this paper.

System Components

Fig. 10 shows the (high level) components of the system. The mobile phone is hooked to the
computer network by a modified network node (NAP). NAP acts like a gateway that connects to
Bluetooth network at one side, and to a wired or wireless computer network at the other side. The
mobile phone, then, can select a Service Access Point (SAP) to talk to. The SAP is another
modified network node whose job is to act as a window for the mobile phone from which it can
view the available resources and services in the network. The mobile phone issues the request for a
resource or a service to the SAP and the later relays this request as if it was issued by the SAP itself.
The SAP then relays the received response back to the mobile phone. Notice that the resources and
services can be hosted by any node in the network including the NAP and the SAP. The functions
of the NAP and SAP can be joined as a single function and hosted by a single node, but splitting
them into two different identities (so that they can be hosted by two or more nodes) enhances the
mobility and reduces the redundancy.

Computer
Network

Fig. 10 — System Components

System Architecture

Fig. 11 shows the system architecture. The interaction between system components must follow a
certain protocol. The proposed protocol is divided logically into three layers, the lower three layers
in Fig. 11, each has a well defined function and each is independent from the others'

Ul MCI User Interface
(MCUI)
. Monitoring & Control
Ul Logic Interface (MCI)
Service Consumer < — > Service Provider
(Client) (Server)

Generic Service Generic Service Access Layer Generic Service
Access Layer Server / Client Access Layer
Bluetooth <:> Bluetooth LAN <:> LAN
Communication Communication | Communication Communication

Mobile Phone NAP SAP

Fig. 11 — System Architecture
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implementation. Each layer relies on and uses the service provided by the lower one.

Communication Layer: is responsible for providing the networking services for the upper layers
in a high-level abstracted mode. It does that by using the more specific and detailed low level
networking services offered by the OS to provide streamed network communication that appears to
the upper layer as memory buffer. This layer can be thought of as an abstraction to the transport,
network, data link and physical layers. According to the underlying network type, this layer can be
either a Bluetooth communication layer or LAN communication layer.

Generic Service Access Layer (GSA): provides service-independent or service-neutral functions.
Such functions are not limited to a certain type of services or resources; instead, it is more generic
and may be needed regardless of the service or resource being accessed. For example, it maintains
Access Parameters Registry (APR) at NAP. It also provides multiplexing capability so that several
Service Provider layer instances can run on the same SAP.

Service Provider/Consumer_layer: is responsible for providing services and consuming them.
Being service dependent, there might be several versions of this layer running simultaneously above
the GSA layer at both of the mobile phone (as a consumer) and the SAP (as a provider).

The remaining upper layers are not related to the interaction protocol between the system
components. Instead, they perform functions local to the component on which they reside. For
example, the Ul and Ul Logic layers on the mobile phone are responsible for managing and
rendering the graphical presentation of application data, while the Monitoring and Control Interface
(MCI) and MCI Ul layers on the SAP are responsible for monitoring and configuring the operation
of the SAP. These layers are not part of the core system but can be considered as add-ons.

PDU Formats

Exchanging of information between peer layers takes the form of PDUs, for example two separate
GSA layers communicate by exchanging (virtually) GSA PDUs. Typically, a layer will take the
upper layer's PDU and use it as payload, add layer's specific header to it then pass it down to the
lower layer and so on till it reaches the physical layer where the actual data transmission takes
place.

Fig. 12 shows the different PDU formats used by the system layers. The service request can be of
any format since it is service dependent. For the system implemented as an example, where it
provides a file access service similar to File Transfer Protocol (FTP), the request takes the format of
a command field followed by a parameters/data field. The command field is of a fixed length (3
Bytes) and text based (although it can be used as a binary field too). The parameters / data field is
of a variable length and extends to the end of the packet. This format is simple but yet very flexible
and can be used for a very wide range of services.

The service provider/consumer layer uses the Request PDU format to transfer requests from the
mobile phone to the SAP. The 1 Byte m field specifies the length (maximum of 255 Bytes) of the
Service Provider Address field. The Payload field contains the service request to be transferred to
the addressed service provider.

The GSA layer uses the GSA_PDU format to carry requests. It is identical to the Request PDU
format, but it has GSA Address field instead. The Payload field represents a Request_ PDU to be
relayed to the addressed GSA layer. A special case of the GSA _PDU is when the r field has the
value of 0 (zero). This format is used only for certain PDUs sent to the NAP GSA layer by the GSA
layer of a mobile phone or SAP. In this case, the GSA_PDU does not carry a request or response;
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instead, it represents a GSA command (GSA request) that is to be served by the NAP GSA layer.
The GSA Address is removed and the rest of the PDU consists of a text based Command field (3
Bytes) followed by a parameters/data field.

When a response is transferred between any two layers, it is transferred as raw data. That means no
headers are needed. Each node the request is relayed to, keeps the connection on which the request
arrived open. Therefore, by the time the request reaches its final destination, the complete path is
kept alive (session-oriented or connection-oriented communication). Hence, only request carrying
PDUs need to have address fields.

3B nB
Command Parameters / Data Service Request
1B mB ¢
Service Provider Address
m (Pipe Address) Payload Request_PDU

1B rB ¢

GSA Address
(Pipe Address)

Payload

1B 3B nB GSA_PDU

0x00 Command Parameters / Data

Fig. 12 — PDU Formats

Fig. 13 shows the usage of different PDU formats by system layers.

Service [T T T T T T T~ Request PDU-— — —————— » Service
Consumer | ———————— Response_PDU- — — — — — — — — — Provider
----------- GSA_PDU----- -everene-GSA_PDU--o-

GSA - > GSA - > GSA
[-&--Response_PDU------ [-&--Response_PDU------

Bluetooth LAN
-l | . -l | -

Comm. 7 Communication " Comm. < Communication © Comm.

Mobile Phone NAP SAP

Terminal

Fig. 13 — PDU Formats Usage

System Dynamic Behavior Model

The system activity diagram, Fig. 14, is a general simplified layout for the system behavior. The
diagram is divided into four vertical lanes following the location the activity took place at. Again,
the diagram is simplified and general; therefore not all layers and their activities are present.
Instead, only the key role playing layers and abstract activities are shown by the diagram.

Fig. 14 summarizes the system layers and components into four abstract items: First is the mobile
phone, which includes all the layers on the mobile terminal. Second is the NAP/GSA, which
includes all the layers on the NAP with emphasizing on the GSA layer. Third is the SAP/GSA,
which represents the SAP's GSA layer. Fourth is the SAP/SP, which represents the SAP's service
provider layer. Notice that the vertical axis, which represents general time progress, does not flow
linearly and equally in each component (lane).
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The activity flow in NAP/GSA, SAP/GSA and SAP/SP is started by the administrator when he/she
starts up the software on both the SAP and the NAP. After initialization, the activity flow waits for
incoming requests: NAP/GSA waits for requests from mobile phones on a Bluetooth connection,
SAP/GSA waits for requests relayed from a remote NAP/GSA on a LAN (pipe) connection,
SAP/SP waits for requests relayed from a local SAP/GSA on Inter Process Communication (IPC)
(pipe) connection.

Upon the detection of such request, the activity flow forks into two parallel paths: the first path
returns to the request wait state in order to accept other requests, the second path performs further
activities to serve the accepted request and provide the proper response.

In NAP/GSA, the request is examined to decide if it can be served by the NAP/GSA (labeled as
GSA request in the activity diagram) or it needs to be relayed to a SAP (labeled as SP request). An
example of GSA request is when a mobile phone queries the NAP for available SAPs. In both
cases, when the response is valid it is relayed to the mobile terminal.

Volume 15 December 2009 Journal of Engineering

In SAP/GSA, the request is examined to determine which service provider layer instance it should
be relayed to (de-multiplexing), when the response is valid it is relayed to the NAP/GSA. In
SAP/SP, the request is served and the proper response is compiled and relayed to the SAP/GSA.

On the other end of the diagram, the activity flow in mobile phone is started by the user (mobile

Mobile Phone NAP / GSA SAP /| GSA SAP / SP
Terminal

Application Started by User

Application Started by Administrator

Initialize and
Startup NAP/GSA

Application Started by Administrator

Initialize and
Startup SAP/GSA

Display NAPs and Wait for Incoming
Get User Input Bluetooth Request

User Selected a NAP ./

Respond to Request

Fia. 14 — System Activity Diaaram
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owner) when he/she launches the application (component) at his/her mobile. A scan process for
available NAP nodes in the neighborhood is initiated. The result is presented to the user as a list of
NAPs and the user can select the NAP he/she wants to connect to. A Bluetooth connection to the
selected NAP is established and a request is issued to that NAP to query for available SAPs
(registered with this NAP's APR). The result is presented to the user as a list of SAPs and the user
can select the SAP that provides the service he/she wants to use. A request (addressed to the user
selected SAP) is issued and relayed to the NAP which the mobile phone is currently connected to.
The result, which is the response relayed by the NAP, is interpreted by the mobile application to
produce the expected output (in our case it is a file copied to the mobile phone file system).

System Static Structure Model

Fig. 15 is a class diagram representation of the overall system components. This diagram is not a
complete one, but it focuses on the major classes that define the core system components and
behaviors. It also shows the relations between these classes and how they interact together.

* MOBILE PHONE SOFTWARE ENVIRONMENT

Mobile phone software environment is composed of two main elements, the Symbian OS and the
Series 60 platform.

Symbian OS

Symbian OS is a 32-bit multitasking operating system, where events often happen asynchronously
and applications are designed to interact with one another. For example, a phone call may interrupt
a user composing an email message; a user may switch from email to a calendar application in the
middle of a telephone conversation.

From the start, Symbian OS was designed for small, resource-constrained devices with wireless
communications. Key design features are:
e Performance — Symbian OS is designed to make minimal demands on batteries and to have
low memory footprint.

e Multitasking — All applications are designed to work seamlessly in parallel.

e Standards — The use of technologies based on agreed-upon standards is a basic principle of
Symbian OS, ensuring that applications are robust, portable and interoperable.

e Object oriented software architecture.
e Memory management optimized for embedded software environment.

e Runtime memory requirements are minimized — very small executable sizes and ROM-
based code that executes in place.

e Security mechanisms for enabling secure communications and safe data storage.
e Application support for international environment with built-in Unicode character sets.

e A rich and varied Application Programming Interface (API) allowing access to reusable
components in developer applications. [NOKIA2004]
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Fig. 15 — System Structure
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Fig. 16 shows a representation of the Symbian OS components. The system kernel, file server and
memory management are located in the Base operating system layer. The kernel manages system
resources such as memory and is responsible for time slicing the applications and system tasks.
Device drivers provide the control and interface to specific items of hardware — the keyboard,
display, infrared port and so on. The upper layers of the system provide communication and
extensive computing services such as data management, graphics, multimedia and security.

Symbian OS Uikon GUI Library

2

Application Engines

Java VM

& &

Servers

2

Symbian OS Base

2

Low-Level Hardware Device Drivers

Fig. 16 — Symbian OS Architecture

Client/Server architecture is a key design feature of Symbian OS. User applications and system
processes are clients that use the resources of a wide variety of system servers. Servers can be
accessed only by their clients via well-defined interfaces. Virtually all servers run with a high
priority, but without system privileges, to ensure a timely response to all of their clients while
controlling access to the resources of the system. Some core application engines, written as servers,
enable software developers to create their own user interfaces to the application data. Examples
include contacts, calendar, multimedia services (decoding and rendering of image formats) and
messaging. [LEIGH2004]

The kernel runs in privileged mode, it has access to the entire memory space. The process is a unit
of protection in Symbian OS. Each process has its own virtual address space. The kernel assumes
the existence of a Memory Management Unit (MMU), which is responsible for translating virtual
addresses. The thread is a unit of execution in Symbian OS. A process has one or more threads.
[NOKIA2003]

Memory intensive operations such as context switching are minimized. Symbian OS is primarily
event-driven rather than multithreaded. Multithreading is possible but is avoided because it
potentially creates several kilobytes of overhead per thread. Conversely, a primarily event-driven
approach does not need any context switching and can have an overhead as low as a few tens of
bytes. [NOKIA2004]

Event-driven (cooperative) multitasking approach is achieved via the use of Active Objects. Each
active object is given a task to complete. Each thread has an Active Scheduler, which is responsible
for running a waiting active object. A thread may contain one running active object and many active
objects waiting to be run. Unlike multitasking with threads, once an active object has started to run,
it cannot be preempted by another active object instead it is up to the running active object to give
up use of the processor and join the waiting queue. The control is returned to the active scheduler to
decide which waiting active object to run next. [NOKIA2003]
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Series 60 Platform

The Series 60 (S60) platform, developed by Nokia, is a complete smart phone reference design that
includes a host of wireless applications. The platform builds on the Symbian OS, complementing it
with a configurable graphical user interface library.

The success of smart phone category devices is highly dependent on the availability of innovative
applications and content from third parties — that is, the growth of the mobile services and
applications businesses. Diversification between handset designs and capabilities has greatly
increased. This has resulted in minimal similarity amongst competitive devices in terms of screen
size, keypad, browser and other elements of the user interface. Applications, services and other
content have to be adapted to these different devices.

Nokia has made the S60 platform available for licensing by other handset manufacturers enabling
them to bring phones to market with equivalent and compatible functionality. Standardizing the
application environment helps service creation and application interoperability. Common input
methods, APIs and supported technologies allow services and applications to interoperate
seamlessly, but still give licensees the freedom to innovate and design excellent smart phones.
[NOKIA2004]

The core of S60 platform is Symbian OS. S60 platform adds the extensive Avkon Ul layer, a full
suit of applications based on the Avkon and Uikon libraries plus a number of key application
engines. S60 platform contains the majority of the Ul and framework APIs used by third party
Graphical Ul (GUI) applications. Fig. 17 shows the components of S60 platform.

The Avkon library defines many Ul components and application framework components. Avkon
builds on and extends the framework and controls provided in the generic Symbian Uikon library.
Each GUI application is then based on framework classes provided as part of the Avkon library and
on the Ul layers below that — for example in Uikon. The S60 GUI library determines the rendering
of all GUI elements, so the individual applications share a common look and feel. [LEIGH2004]

Applications

& A

Series 60 Avkon GUI Library

A

Symbian OS Uikon GUI Library

& &

Application Engines

Java VM

&

db
Servers
2

Symbian OS Base

&

Low-Level Hardware Device Drivers

Fig. 17 — S60 Platform Architecture
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*RESULTS

Fig. 18 shows screen shots for mobile phone component GUI during different user interactivities
with the component. The initial screen (1) is shown when the user starts up the component
application, the status pane displays the application title (BlueNetClient2) and icon, the main pane
is empty (indicated by the no data string) and the control pane displays the two commands
Options and Back that corresponds to the mobile terminal soft keys. Back is used to step back to
the previous screen (and to exit the application when is used at the initial screen). Options
command is used to display the options menu (2) at any point during the application execution.

@, BluehetClient? @) BlueletClient? @), BlueletClient?
r =
Searching For ltems ...
No data No data No data
Refresh List |
Open
Copy
Exit
[Options Back| |Select Cancel| |Options Back
(1) (2) (3)
@, BluehetClient? @)\ BlueNetClient? @, BlueetClient?
(O (A
nluniluble NAPs Available SAPs ﬂluniluhle Nodes
|
) South NAP | |2 Main SAP | [# Computer 1 |

t? |Horth NAP

i Archive Files SAP
#)| Backup SAP

@ (Computer 2
@ My Laptop
@ |Main Server

Options Back| [Dptions Back| [Options Back
(4) (5) (6)
@)\ BlueletClient? @\ BlueletClient? Manager
(L rF (T 1

Available Items
|

Shared Documents
Oid Files

Available Items

Shared Documents

@|lmages

Install pockages
= |0thers
f&|Sounds
=

oruie &
Readme.txt Copying & |Videos
€l | Data.log Please Wait ... > Readme.txt |
Options Back Cancel| |Options = Exit
(7) (8) (9)

Fig. 18 — Mobile Terminal Component GUI
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In order to show the available NAPs in the neighborhood, the user selects Refresh List menu
command. This triggers a scan operation (3) to search and find those NAPs, which are then
displayed to the user (4). After selecting the desired NAP, the user selects the Open menu
command from the options menu in order to list the available SAPs (5) that can be reached through
the selected NAP (i.e. the SAPs that are registered with the selected NAP APR).

In order to access the service of a certain SAP, the user highlights the desired SAP and selects
Open menu command again. The mobile phone component acts as a client to the service provided
by the SAP. A different client is needed for each service type. In this implementation, the service
that is developed as a demonstration is computer network shared files access; therefore, the client
(BlueNetClient2) is used to browse and fetch the public contents shared by network computers.
Once the user selects Open (as mentioned earlier), the available computers connected to the
network (as seen by the selected SAP) are displayed (6). The same method is used for browsing the
shared folders and files of a selected computer (7), by highlighting a folder and selecting the Open
menu command. The user can go back to the parent folder by either using the Back soft key
command or opening the """ folder.

Finally, when the user finds the required file she/he can copy it to the mobile phone by highlighting
the file and selecting Copy menu command. A progress bar will show up indicating the file is being
transferred (8). The file will be stored in the mobile phone file system and can be found by
launching the File Manager application (9) that is built into the mobile terminal as a part of the
software package provided by the mobile phone manufacturer. In this example, the file transferred
is the Readme. txt file shown at the end of the list (9).

* CONCLUSIONS

- Mobile phones are resources limited compared to computers, but they are more available
and accessible considering their cost, size and usage. An important feature in mobiles is that
they combine mobility and connectivity. Summing all of this, a mobile phone can act as a
lightweight personal terminal used to access remote services provided by more capable and
resource rich devices like database servers, file servers ... etc.

- Mobile phones support connectivity to WAN/MAN (through mobile data services like
GPRS) and PAN (through infrared or Bluetooth) data networks but not to LAN because
wireless LAN hardware and software standards are impractical for implementation in
mobile phones. Bluetooth has built-in support to bridge a PAN and a LAN using BNEP
protocol and by defining the role of NAP, although this approach’'s hardware (Bluetooth
transmitter) can be implemented in mobile phones but the software (BNEP) is not suitable
since it's designed originally for more capable devices (like PCs) communicating with each
others using complex peer-to-peer model.

- By modifying the Bluetooth LAN-through-PAN scheme, its implementation becomes
practical for many mobile phones. The modification, proposed by the paper, is to replace the
BNEP with the RFCOMM (already supported by Bluetooth enabled mobile phones),
promoting the NAP to act at the application layer and switching to client/server model
instead of peer-to-peer. This simplifies and reduces resources needed for implementation by
moving most of the burden from the mobile phone (the client) to the NAP (the gateway
which can be considered as the "/" symbol) and the SAP (the server).
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ABSTRACT
In this paper, a proposed method based on real-coded genetic algorithm is presented and applied to
solve multiple load flow solution problem. Genetic algorithm is a kind of stochastic search algorithm
based on the mechanics of natural selection and natural genetics. They combine the concepts of
survival of the fittest with genetic operators such as selection, crossover and mutation abstracted
from nature to form a surprisingly robust mechanism that has been successfully applied to solve a
variety of search and optimization problems. Elitist method is also used in this research, and
blending models are implemented for crossover operator. In the proposed work, five busbars typical
test system and 362-bus Iraqi National Grid are used to demonstrate the efficiency and performance
of the proposed method. The results show that, genetic algorithm is on-line load flow solution
problem for small-scale power systems, but for large-scale power systems, it is recommended that
the load flow solution using genetic algorithm is for planning studies. The main important feature of
the purposed method is to give high accurate solution with respect to the conventional methods.
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INTRODUCTION

With increasing computer speeds, researchers are increasingly applying artificial and computational
intelligence techniques, especially in power system problems. These methods offer several
advantages over traditional numerical methods. Among these techniques is that of genetic algorithm.
Genetic algorithms (GAs) are efficient stochastic search algorithms that emulate natural phenomena.
They have been used successfully to solve wide range of optimization problems. Because of
existence of local optima, these algorithms offer promise in solving large-scale problems. A genetic
algorithm mimics Darwin’s evolution process by implementing “survival of the fittest” strategy.
Genetic algorithm solves linear and nonlinear problems by exploring all regions of the search space
and exponentially exploiting promising areas through selection, crossover, and mutation operations.
They have been proven to be an effective and flexible optimization tool that can find optimal or near-
optimal solutions [Talib 2007]. In this study, an improved genetic algorithm solution of the load flow
problem is presented in order to minimize the total active and reactive power mismatches of the
given systems, a real-coded genetic algorithm has been implemented.

THE CONCEPTS OF LOAD FLOW ANALYSIS

The load flow studies are the backbone of the design of a power system. They are the means by
which the future operation of the system is known ahead of time. The load flow problem is one of the
basic problems in the power system engineering, and can be expressed as a set of non-linear
simultaneous algebraic equations, and thus it is to have multiple solutions [Woon 2004]. A load flow
study is the determination of voltage, current, power, and power factor or reactive power at various
points in an electrical network under existing or contemplated conditions of normal operation, so
power flow calculations provide power flows and voltages for a specified power system subject to
the regulating capability of generators, condensers, and tap changing under load transformers as well
as specified net interchange between individual operating systems. This information is essential for
the continuous evaluation of the current performance of a power system and for analyzing the
effectiveness of alternative plans for system expansion to meet increased load demand. The continual
expansion of the demand for electrical energy due to the growth of industries, commercial centers,
and residential sections requires never-ending additions to existing power systems. The systems
engineer must decide what components must be added to the system many years before they are put
into operation and he does this by means of power flow studies. The load flow solution usually
provides additional information, e.g. losses [Kubba 1987]. The load flow is the most frequently
carried out study by power utilities and is required to be performed at almost all the stages of power
system planning, optimization, operation, control, and contingency analysis.

ITERATIVE NUMERICAL (LF) SOLUTION METHODS
* NEWTON-RAPHSON METHOD
At each iteration of the Newton-Raphson method, the nonlinear problem is approximated by a linear

matrix equation (Jacobian matrix). The linearzing approximation can best be visualized in the case of
a single-variable problem as shown in figure (1).
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f( Q) T et Tangent t
: f(x)

Solution

Fig. 1 Single-Variable Linear Approximation [Taylor 1967]

The Newton-Raphson load flow equation are

N
APk = Pksp_lvk |Z|Vm |(gkm Cos5km +bkm Sin 5km)

m=1
S| N -
A(?k = Qk = |Vk | Z|Vm | (gkm sin 5km _bkm CC)Sé‘km)
m=1
iﬁ :|Vk|ewk I :|Idejw
where " _ " ) and d,,, = 0, —,, (Kubba 1987).
Vm :|Vm |ejm Ykm :|Ykm|ejkm :gkm+kam

The Jacobian matrix equation can be written as:

A6, [ AP, ]
Ao, AP,
{Jl JZ} ASy | | APy
‘]3 4 AVl A(?l
AV, AQ,
| AV | | AQy |
where AS, =6, -6, and AV, =V =V,'  when v is the iteration index and
OAP  OAP
i =| 06 oV Newton-Raphson load flow method may have the final formulation of
J, J, 0AQ  0AQ
06 oV
(Grisby 2007)
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AP | 1J; J, [ A6
AQ| |J, J, AV
Using Newton-Raphson method to solve the mismatch powers equations either in polar coordinates

with (AV) and (Ad) as variables or in rectangular coordinates with (Ae) and (Af) as variables [Al-
Shakarchi 1973].

* FAST DECOUPLED LOAD FLOW METHOD

Fast decoupled load flow method, possibly the most popular method used by utilities, is well known
for its speed of solution, reduced memory, and reliable convergence (Nanda 1987). The algorithm is
simpler, faster and more reliable than Newton’s method and has lower storage requirements. The fast
decoupled load flow method is based on Newton’s load flow method with the modifications of
neglecting the J, and J; Jacobian submatrices due to the weak coupling between “P-V” and “Q-6”
quantities in power transmission system. Together with other approximations, the fast decoupled
load flow equations become:

|-l

\Y,

22 - (e]lav]

where B;m:—i for m#k and B, :Zi for m=k

km mak ka

Be =By, for m#k and Bj =) B, for m=k (Stottand Alsac 1974)
mak

GENETIC ALGORITHM

Genetic algorithms (GAs) are adaptive methods which may be used to solve search and optimization
problems. Over many generations, natural populations evolve according to the principles of natural
selection and “survival of the fittest”. By mimicking this process, genetic algorithms are able to
“evolve” solutions to real world problems, if they have been suitably encoded [Holland 1975].
Genetic algorithms work with a “population of individuals”, each representing a possible solution to
a given problem. Each individual is assigned a “fitness score” according to how good a solution to
the problem it is. The highly-fit individuals are given opportunities to “reproduce”, by “cross
breeding” with other individuals in the population. This produces new individuals as “offspring”,
which share some features taken from each “parent”. The least fit members of the population are less
likely to get selected for reproduction, and so “die out”. A whole new population of possible
solutions is thus produced by selecting the best individuals from the current “generation”, and mating
them to produce a new set of individuals. This new generation contains a higher proportion of the
characteristics possessed by the good members of the previous generation. In this way, over many
generations, good characteristics are spread throughout the population. By favouring the mating of
the more fit individuals, the most promising areas of the search space are explored. If the genetic
algorithm has been designed well, the population will converge to an optimal solution to the
problem. There are some differences between genetic algorithms and traditional searching algorithms
(such as numerical techniques). They could be summarized as follows [Younes 2006]:
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e The algorithms work with a population of strings, searching many peaks in parallel, as
opposed to a single point.

¢ Genetic algorithms work directly with strings of characters representing the parameters set,
not the parameters themselves.

e Genetic algorithms use probabilistic transition rules instead of deterministic rules.

e Genetic algorithms use objective function information instead of derivatives or other
auxiliary knowledge (convexity, modality, continuity, differentiability).

¢ Genetic algorithms have the potential to find solutions in many different areas of the search
space simultaneously.

GENETIC ALGORITHM IMPLEMENTATION

A simple genetic algorithm is an iterative procedure, which maintains a constant size population of
candidate solutions. During each iteration step (generation), three genetic operators (reproduction,
crossover, and mutation) are performing to generate new populations (offspring), and the
chromosomes of the new populations are evaluated via the value of the fitness which is related to
cost function. Based on these genetic operators and the evaluations, the better new populations of
candidate solutions are performed [Younes 2006]. With the above description, the three steps in
executing the genetic algorithm operating on fixed-length character strings are as follows:

1. Randomly create an initial population of individual fixed-length character strings.

2. lteratively perform the following sub steps on the population of strings until the termination
criterion has been satisfied:

A. Assign a fitness value to each individual in the population using the fitness measure.

B. Create a new population of strings by applying the following three genetic operations. The
genetic operations are applied to individual string(s) in the population chosen with a probability
based on fitness.

i. Reproduce an existing individual string by copying it into the new population.

ii. Create two new strings from two existing strings by genetically recombining substrings using
the crossover operation at a randomly chosen crossover point.

iii. Create a new string from an existing string by randomly mutating the character at one randomly
chosen position in the string.

3. The string that is identified by the method of result designation (e.g. the best-so-far individual)
is designated as the result of the genetic algorithm for the run. This result may represent a solution
(or an approximate solution) to the problem.

Now, we'll discuss briefly each step of the implementation of the genetic algorithm:

- CHROMOSOME REPRESENTATION

Genetic algorithms operate on representations of solutions to problems. Since they work with
encoded parameters of the optimization problem, the choice of a representation form has a large
impact on the performance. There are different ways of encoding solutions, and probably no single
best way for all problems. The performance of genetic algorithms depends on the choice of a
suitable representation technique. Most genetic algorithms applications use Holland’s fixed-length
simple binary coding. This is historically the most widely used representation. Each chromosome
is comprised of zeroes and ones, with each bit representing a gene [Abdul-Haleem 2005]. A
conceptually simpler technique would be the real-coded representation, in which each
chromosome vector is coded as a vector of floating point numbers of the same length as the
solution vector. Each element was forced to be within the desired range, and the genetic operators
were carefully designed to preserve this requirement [Michalewicz 1996].
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- POPULATION INITIALIZATION

In the genetic algorithm, populations of chromosomes are created randomly by generating the
required number of individuals using a random number generator that uniformly distributes numbers
in the desired range. The extended random initialization is a variation whereby a number of random
initializations are tried for each individual and the one with the best performance is chosen for the
initial population. Other users of genetic algorithms have seeded the initial population with some
individuals that are known to be in the vicinity of the global optimum. This approach is only
applicable if the nature of the problem is well understood beforehand or if the genetic algorithm is
used in conjunction with knowledge based system [Abdul-Haleem 2005].

- OBJECTIVE FUNCTION OR FITNESS FUNCTION

The objective function is used to provide a measure of how individuals have performed in the
problem domain. In the case of a minimization problem, the mostly fit individuals will have the
lowest numerical value of the associated objective function. This raw measure of fitness is usually
only used as an intermediate stage in determining the relative performance of individuals in a genetic
algorithm. Another function is the fitness function, is normally used to transform the objective
function value into a measure of relative fitness [Ibrahim 2005].

- REPRODUCTION

The selection, or competition, is a stochastic process in which the chance of an individual surviving
is proportional to its adaptation level. The adaptation is measured by the phenotype (search point,
solution) evolution, that is, the characteristics presented by an individual in the problem environment
(search space). The genetic algorithm, through selection, determines which individuals will go to the
reproduction phase. There are several selection methods, where the fittest individuals from each
generation are preferentially chosen for reproduction [Zamanan 2006]. Some of these methods are:

a. ROULETTE WHEEL SELECTION METHOD.

b. TOURNAMENT SELECTION METHOD.

- RECOMBINATION

Recombination produces new individuals in combining the information contained in two or more
parents (parents-mating population). This is done by combining the variable values of the parents.
Depending on the representation of the variables, different methods must be used. For the
recombination of binary valued variables, the name “crossover” is established. This has mainly
historical reasons. During the recombination of binary variables, only parts of the individuals are
exchanged between the individuals. Depending on the number of parts, the individuals are divided
before the exchange of variables (the number of cross points). The number of cross points
distinguishes the methods.

In single-point crossover, one crossover position a € [ 1, 2, ......... » Nvar-1 ], where (Nyar) is the
number of variables of an individual, is selected uniformly at random and the variables exchanged
between the individuals about this point, then two new offspring are produced.

In double-point crossover, two crossover positions are selected uniformly at random and the
variables exchanged between the individuals between these points. Then two new offspring are
produced. For multi-point crossover, (c) crossover positionsa; €[ 1,2, ......... s Nvar1 ]; 1=1: m,
where (Nyar) is the number of variables of an individual, are chosen at random with no duplicates and
sorted into ascending order. Then, the variables between successive crossover points are exchanged
between the two points to produce two new offspring. The section between the first variable and the
first crossover point is not changed between individuals. Uniform crossover generalizes this scheme
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to make every locus a potential crossover point. A crossover mask, the same length as the individual
structure is created at random and the parity of the bits in the mask indicate which parent will supply
the offspring with which bits [Pohlheim 2005].

- MUTATION

By mutation, individuals are randomly altered. These variations (mutation steps) are mostly small.
They will be applied to the variables of the individuals with a low probability (mutation probability
or mutation rate). Normally, offspring are mutated after being created by recombination [Pohlheim
2005]. In this process, randomly selected bits of randomly selected strings are changed from (0) to
(1) and vice versa. This process occurs according to pre-specified probability. Usually, less than 5%
of bits are changed in this process. Mutation process is used to escape from probable local optimum
[Zamanan 2006].

- TERMINATION OF THE GENETIC ALGORITHM

Termination criteria or convergence criteria for genetic process may be triggered by finding an
acceptable approximate solution and bring the search to halt. The termination criteria can be one or
more of the following criteria [Abdul-Haleem 2005]:

a. Using diversity measure.

b. After a specified number of generations.

c. Finding an acceptable approximate solution.

d. Repetition until no change in the solution.

LOAD FLOW SOLUTION USING GENETIC ALGORITHM

The binary genetic algorithm is conceived to solve many optimization problems that stump
traditional techniques. But, what if we are attempting to solve a problem where the values of the
variables are continuous and we want to define them to the full machine precision? In such a
problem, each variable requires many bits to represent it. If the number of variables is large, the size
of the chromosome is also large. Of course, ones and zeros are not the only way to represent a
variable. One could, in principle, use any representation conceivable for encoding the variables.
When the variables are naturally quantized, the binary genetic algorithm fits nicely. However, when
the variables are continuous, it is more logical to represent them by floating-point numbers. In
addition, since the binary genetic algorithm has its precision limited by the binary representation of
variables, using floating-point numbers instead easily allows representation to the machine precision.
This continuous genetic algorithm also has the advantage of requiring less storage than the binary
genetic algorithm because a single floating-point number represents the variable instead of (Npits)
integers. The continuous genetic algorithm is inherently faster than the binary genetic algorithm,
because the chromosomes do not have to be decoded prior to the evaluation of the cost function
(objective function) [Haupt 2004].

COMPONENTS OF A CONTINUOUS GENETIC ALGORITHM

- THE VARIABLES AND COST FUNCTION

A cost function generates an output from a set of input variables (a chromosome). The cost function
may be a mathematical function or an experiment. The objective is to modify the output in some
desirable fashion by finding the appropriate values for the input variables. The goal is to solve some
optimization problem where we search for an optimum (minimum) solution in terms of the variables
of the problem. If the chromosome has (Nyar) variables (an N-dimensional optimization problem)
given by (by, by, ......... , bnvar), then the chromosome is written as an array with (1XNy,r) elements
so that:
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cost = f (chromosome) = f (by, by, ......... , bnvar)

Equations (10) and (11) along with applicable constraints constitute the problem to be solved [Haupt
2004].

Our primary problem in this research is the continuous functions introduced below. The two cost
functions are [Kubba 1987]:

n
AP = PP = Vi ¥ Vi (Gim €088k + B SiNdkm)
m=1

for “PV” and “PQ” busses

n
AQk = kap - Vk z Vm (ka sin6km — Bkm COSSkm)
m=1

for “PQ” busses only

Where  &km = 0k — Om, and

(APy) is the mismatch active power at bus (k) and (AQy) is the mismatch reactive power at bus (k).
(Vk, Vi, 0k, Om) are the voltage magnitude and angle at busses (k) and (m) respectively, which are
the variables of the two cost functions.

* VARIABLE ENCODIND, PRECISION, AND BOUNDS

Here, the difference between binary and continuous genetic algorithms is shown. It is no longer
needed to consider how many bits are necessary to represent accurately a value. Instead, (V) and (5)
have continuous values that are limited between appropriate bounds (which are in our problem, 0.95
<V <1.05and -5° <8 < 5° for “5 busbars” typical test system and 0.9<V<1.1, -20° <§<20° for Iraqi
National Grid). Although the values are continuous, a digital computer represents numbers by a finite
number of bits. When we refer to the continuous genetic algorithm, it means that the computer uses
its internal precision and roundoff to define the precision of the value. Now, the algorithm is limited
in precision to the roundoff error of the computer [Haupt 2004].

* INITIAL POPULATION

The genetic algorithm starts with a group of chromosomes known as the population. We define an
initial population of (Ninq) chromosomes. A matrix represents the population with each row in the
matrix being a (1xXNyqr) array (chromosome) of continuous values. Given an initial population of
(Ning) chromosomes, the full matrix of (Nina*Nvar) random values is generated.

All variables are normalized to have values between (0) and (1), the range of a uniform random
number generator. The values of a variable are “unnormalized” in the cost function. If the range of
values is between (bj,) and (by;), then the unnormalized values are given by:

b= (bhi - bIo) Brorm + Dio

where:
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bni : highest number in the variable range.

by, : lowest number in the variable range.

Pnorm : NOrmalized value of variable.

This society of chromosomes is not a democracy: the individual chromosomes are not all created
equal. Each one’s worth is assessed by the cost function. So at this point, the chromosomes are
passed to the cost function for evaluation [Haupt 2004].

- NATURAL SELECTION

Survival of the fittest translates into discarding the chromosomes with the highest cost. First, the
(Ning) costs and associated chromosomes are ranked from lowest cost to highest cost. Then, only the
best are selected to continue, while the rest are deleted. The selection rate, (Xrat), is the fraction of
(Ning) that survives for the next step of mating. The number of chromosomes that are kept each
generation is:

Nkeep = Xrate - Nind

Natural selection occurs each generation or iteration of the algorithm. Of the (Ning) chromosomes,
only the top (Nkeep) Survive for mating, and the bottom (Ning — Nkeep) are discarded to make room for
the new offspring. Deciding how many chromosomes to keep is somewhat arbitrary. Letting only a
few chromosomes survive to the next generation limits the available genes in the offspring. Keeping
too many chromosomes allows bad performers a chance to contribute their traits to the next
generation. We often keep 50% (X ae=0.5) in the natural selection process [Haupt 2004].

- SELECTION FOR MATING

In this process, two chromosomes are selected from the mating pool of (Nyeep) chromosomes to
produce two new offspring. Pairing takes place in the mating population until (Ning — Nieep) Offspring
are born to replace the discarded chromosomes. Pairing chromosomes in a genetic algorithm can be
as interesting and varied as pairing in an animal species. We’ll look at a variety of selection methods.
a. Weighted random pairing (roulette-wheel): which is divided into:

i. Rank weighting.

ii. Cost weighting.

b. Tournament selection.

Each of the parent selection schemes results in a different set of parents. As such, the composition of
the next generation is different for each selection scheme. Roulette-wheel and tournament selection
are standard for most genetic algorithms. It is very difficult to give advice on which selection scheme
works best. In our problem, we follow the rank-weighting roulette-wheel and tournament parent

selection procedures [Haupt 2004].

- RECOMBINATION

As for the binary algorithm, two parents are chosen, and the offspring are some combination of these
parents. Many different approaches have been tried for crossing over in continuous genetic
algorithm. The simplest methods choose one or more points in the chromosome to mark as the
crossover points. Then the variables between these points are merely swapped between the two
parents. The problem with real-valued crossover methods is that no new information is introduced:
each continuous value that was randomly initiated in the initial population is propagated to the next
generation, only in different combinations. Although this strategy works fine for binary
representations, there is now a continuum of values, and in this continuum we are merely
interchanging two data points. These approaches totally rely on mutation to introduce new genetic
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material. The blending models remedy this problem by finding ways to combine variable values
from the two parents into new variable values in the offspring.

In our problem, we want to find a way to closely mimic the advantages of the binary genetic
algorithm scheme. It begins by randomly selecting a variable in the first pair of parents to be the
crossover point:

¢ = roundup {random*Ny,}
We’ll let

pal’ent 1 = [bmj_, bm2, ...... ’ bmc, ...... ) mevar]
parent 2 =[bq1, bg2, «.-... , Ddcy eeeeee » banvar]

Where (m) and (d) subscripts discriminate between the mom and dad parent. Then, the selected
variables are combined to form new variables that will appear in the children:

Prews = Bme — B (bmc— bdc)
Prewz = Dac + B (bmc— bdc)

Where B is a random value between 0 and 1. The final step is to complete the crossover with the rest
of the chromosome as in binary genetic algorithm:

OffSpr!ng 1 = [bml, bm2, ...... ’ bnewl, ...... ) bdear]
OffSpl"Ing 2 = [bdl, bdz, ...... 0 bnewz, ...... ° mevar]

If the first variable of the chromosomes is selected, then only the variables to the right of the selected
variable are swapped. If the last variable of the chromosomes is selected, then only the variables to
the left of the selected variable are swapped. This method does not allow offspring variables outside
the bounds set by the parent unless p > 1 [Haupt 2004].

* MUTATION

Random mutations alter a certain percentage of the genes in the list of chromosomes. We can
sometimes find our method working too well. If care is not taken, the genetic algorithm can converge
too quickly into one region of the cost surface. If this area is in the region of the global minimum,
that is good. However, some functions, such as the one we are modeling, have many local minima. If
nothing is done to solve this tendency to converge quickly, it may end up in a local rather than a
global minimum. To avoid this problem of overly fast convergence (premature convergence), the
routine is forced to explore other areas of the cost surface by randomly introducing changes, or
mutations, in some of the variables. The basic method of mutation is not much more complicated for
the continuous genetic algorithm. Do we also allow mutations on the best solutions? Generally not.
They are designated as elite solutions destined to propagate unchanged. Such elitism is very common
in genetic algorithms. Why throw away a perfectly good answer? The equation of mutation used here
is [Haupt 2004]:
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MULTIPLE OBJECTIVE OPTIMIZATION (MOO)
In many applications, the cost function has multiple, often times, conflicting objectives. The most
important approach to (MOO) are: weighted cost functions [Haupt 2004].

N

cost =) w; f;
i=1

Where:

f; is the cost function (i).
N

w; is the weighting factor and Y w; = 1.

i=1
The problem with this method is determining appropriate values of (w;). Different weights produce different
costs for the same (f;). This approach requires assumptions on the relative worth of the cost functions prior to
running the genetic algorithm. Implementing this multiple objective optimization approach in a genetic
algorithm only requires modifying the cost function to fit the form of eq. (17) and does not require any

modification to the genetic algorithm [Haupt 2004]. Thus,
cost=wf, +(1-w)f,

This approach is adopted in this research for its simplicity, easy of programming and gives us the required
accuracy. Here, (w) is chosen to be (0.5).
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Define cost function, cost variables
Select genetic algorithm parameters
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[ Generate initial population }

Find cost for each chromosome
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————> Select mates
[ Mating and crossover ]
[ Mutation ]

[ Find cost for each chromosome ]
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YE Convergence Test

[ |

Fig. (2) Flowchart of a Continuous Genetic Algorithm

IMPLEMENTATION AND RESULTS

The proposed continuous (real-coded) genetic algorithm is demonstrated on two test systems namely,
5-buses test system [Stagg 1968] which lines data and buses data are present in appendix. The
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second system is the 362-bus Iragi National Grid (ING) with 599 branches. The software is
implemented by using MATLAB version 7 with Pentium 4, 2 GHz CPU, and 2 Gbyte RAM. The
input data are the nodal admittance matrix, buses data (specified values), and the slack voltage
1. Five Buses Typical Test System Results

Table (1) shows the results of the application of the genetic algorithm to “5 bus-bars” typical test
system to find the active and reactive power mismatches described in egs. (12) and (13) for accuracy
of 0.001 p.u (0.1 MW/MVAR) and the voltage magnitude and phase angle associated with each
busbar. Because of the stochastic nature of the genetic algorithm process, each independent run will
probably produce a different number of generations and consequently the computation time and the
best amongst these should be chosen. The best of the (10) implementation runs are shown in this
table. The base quantities are 132 KV and 100 MVA.

Number 4  Volume 15 December 2009 Journal of Engineering

Table (2) Load Flow Solution for “5 busbars” Typical Test System with an Accuracy of (0.001)

Bus | Active power | Reactive power Voltage Voltage No. of
No. | mismatch(p.u) mismatch(p.u) | magnitude(p.u) | angle(deg.) | generations

1 slack slack 1.06 0.00 —

2 0.00018139 0.00076184 1.0333 -0.2856 37

3 0.00094649 0.00028622 1.0349 -2.5267 27

4 0.00096724 0.0004207 1.0014 -1.4736 26

5 0.00091083 0.00096267 0.9786 -1.5042 35
Total Computational Time: 0.516 sec.

Figures below, the dotted curves show the evolution process of the active and reactive power
mismatches (cost function) versus the number of generations and the solid curves show the mean
cost of the individuals versus the number of generations at each busbar of the “5 busbars” typical
test system with an accuracy of (0.001). In the figures and due to the stochastic nature of the genetic
algorithm, we note that each busbar requires different number of generations to reach the required
accuracy (0.001 p.u.).

mean cost mean cost /

minimum cost « minimum cost +
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’oo. 0 3 000808 0 I Ittt bb bbbt bbbbt
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0 5 1 7 % 0
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In the table (2) shown, the active and reactive line flows (power flows) for the “5 busbars” typical
test system which consists of (7) lines are calculated, the calculation is done for an accuracy of the
active and reactive power mismatches of (0.001).

Table (2) Active and Reactive Power Flows for the “5 busbars” Typical Test System with an

Accuracy of (0.001)

Line Line | Active power | Reactive power
No.| Term flow (MW) flow (MVAR)
1 1-2 22.3473 -39.7436

2 1-3 21.5944 -4.3321

3 23 20.7693 7.3872

4 2—4 16.2575 -13.0168

5 2—=5 17.1768 -63.7962

6 3—4 -22.2970 -123.5797

7 4—5 -3.0479 -21.5199

* Iraqi National Grid Load Flow Solution Results:

The 362-bus (ING) consists of 30-generator bus and 332-load bus with 599 branches [Al-Bakri
1994]. Table (3) illustrates the load flow solution for Iragi National Grid using the proposed
continuous (real-coded) Genetic Algorithm with a power tolerance (minimum active and reactive
power mismatches) of 0.001 p.u. with base quantities of 132 KV and 100 MVA. Also, the number of
iterations (generations) for each bus are tabulated. Due to the huge table, only the load flow solution
results of 96 bus are tabulated in this paper.
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Table (3) Load Flow Solution for “IRAQI NATIONAL GRID” with an Accuracy of (0.001)

Bus Active power R;)eo?/(\:/tell\’/e Voltage Voltage No. of
No. mismatch (p.u) m'??S;Ch magnitude (p.u) angle (p.u) | generations
1 slack slack 1.04 0 —_—
2 0.0005 PV 1 18.3805 262
3 0.00021334 PV 1 2.8233 57
4 0.0008081 PV 1 -9.5400 3191
5 0.00011245 PV 1 13.6445 521
6 0.00043106 PV 1 -11.8520 34
7 0.0018487 PV 1 4.1875 5000
8 0.00066843 PV 1 7.5529 244
9 0.00023882 PV 1 12.3150 30
10 0.00016648 PV 1 4.0006 134
11 0.0003391 PV 1 -19.7704 884
12 0.00045458 PV 1 -6.3530 266
13 0.00013682 PV 1 45221 424
14 0.00058912 PV 1 -6.9794 76
15 0.00054176 PV 1 -8.1968 353
16 0.00021063 PV 1 13.5898 42
17 0.00078201 PV 1 4.5766 39
18 2.4477%10°° PV 1 11.1094 415
19 0.00090163 PV 1 7.0672 47
20 0.00089409 PV 1 -7.0275 9
21 0.00037127 PV 1 -3.2876 159
22 0.00014522 PV 1 -10.7986 24
23 0.00093387 PV 1 2.0421 216
24 0.00084462 PV 1 9.0268 472
25 0.00038532 PV 1 2.9669 17
26 0.00023586 PV 1 3.8338 527
27 7.2047*%10° PV 1 -6.8666 88
28 0.00011686 PV 1 0.0252 50
29 0.00026843 PV 1 7.3612 333
30 0.0005791 PV 1 9.1833 1342
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Bus Active power R;)eo?/(\:/tell\’/e Voltage Voltage No. of
No. mismatch (p.u) m'??S;Ch magnitude (p.u) angle (p.u) | generations
31 0.0003 0.0002 1.02247 12.3782 36
32 0.00031048 0.00013264 1.03356 -12.5347 57
33 0.00076127 0.00088425 0.915482 -18.8922 747
34 0.00048097 7*10° 0.981021 -3.14901 60
35 0.00082233 0.00019414 0.909731 -7.5778 927
36 0.0007 0.0004 0.999866 0.40992 54
37 0.0009483 0.00059979 0.99142 -0.108361 3
38 0.00072258 2.708*107 1.02766 2.41241 393
39 0.00010822 3.1427*10° 0.911085 8.90456 21
40 7.3767*10° 8.2306*10" 0.978972 7.68687 21
41 3.9217*10° 0.00014068 0.914069 -2.09315 30
42 0.00056231 0.00034232 0.931974 10.2677 117
43 0.00015186 0.00084486 0.916778 9.06423 69
44 0.00093275 0.00060546 0.935108 -13.2829 18
45 0.00085845 3.9338*107 1.00216 -8.97243 12
46 2.0578*10 0.00022034 0.935224 -7.08481 54
47 0.0005849 0.00025364 0.96548 -8.2154 120
48 0.0006 0.0009 0.96959 0.0359168 9
49 0.00046407 0.00068482 1.01733 8.11071 36
50 0.00064014 0.00040881 0.906882 16.9887 3
51 0.00081139 0.00073374 1.01725 12.1607 15
52 0.00063582 0.00036833 0.999238 0.015595 12
53 0.00064585 0.00073222 0.924709 7.0377 54
54 0.00039461 0.00031144 1.02049 4.97693 54
55 0.00050197 0.00051873 0.912678 18.5084 312
56 0.0006757 0.00066047 1.02961 13.4216 57
57 0.00048624 0.00046999 1.01989 13.0202 165
58 0.00026657 0.00078447 1.03154 -4.56727 54
59 0.00020212 0.00087574 0.998382 -0.133244 135
60 0.00099704 0.00040061 0.969316 -9.13924 336
61 0.0002 0.0005 1.09633 -3.3891 60
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62 0.00062866 0.00048481 1.01166 3.0274 69
63 3.4536*10° 0.00050729 1.00118 11.0695 144
Bus Active power R;)eo?/(\:/tel;/e Voltage Voltage No. of
No. mismatch (p.u) m'??S;Ch magnitude (p.u) angle (p.u) | generations
64 0.00052304 6.1774*107 0.926323 0.126932 30
65 0.00039148 0.00027503 0.959269 -3.93418 234
66 0.0003338 0.00048038 0.939048 5.45821 24
67 0.00045369 0.00074015 1.03691 8.05995 12
68 0.00077681 0.00053799 0.962027 -0.556099 186
69 0.00027057 0.00061177 1.0712 5.11859 144
70 0.00040663 0.00054506 0.909477 -13.4194 18
71 0.00015602 0.00084029 1.0151 4.6136 60
72 0.00085314 4.4098*10” 0.9505 -9.4481 54
73 0.00082757 0.00056498 0.9587 14.8084 132
74 6.6466*107 0.00028761 1.0205 -0.5232 24
75 0.00045213 0.00089712 0.9106 16.254 450
76 0.00026312 0.00099152 1.0235 -0.4562 60
77 0.0003 0.0002 0.9989 -15.9269 1137
78 0.00060173 0.00081968 0.9069 9.3835 102
79 0.00097288 0.00093161 0.9115 -9.6373 399
80 0.00030775 0.00026214 1.0172 -11.3539 567
81 0.00028197 0.0003666 0.9567 10.958 72
82 0.0001 0.0007 0.9009 -9.6128 1215
83 0.00017501 0.00031678 0.9538 0.5662 36
84 0.00060463 0.00055344 0.9389 12.4227 51
85 0.00049479 0.00025939 0.9917 -17.9393 69
86 0.00074739 6.1917*10° 0.9976 11.2733 54
87 0.00073692 0.00062359 1.0459 3.6541 90
88 0.0002 0 0.9265 7.1323 69
89 8.0049*107 0.00089968 1.0154 -0.9266 33
90 0.00051316 0.00093613 1.0007 -15.3443 189
91 3.1397*10° 0.00072166 1.0017 18.7953 138
92 0.00062835 0.00047428 0.9977 12.0889 27
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93 4775510 0.00047299 1.0034 11.0409 60

94 0.00031952 0.00085516 0.9855 1.9537 135

95 0.00028333 0.00050642 1.0368 18.9362 60

96 0.0008504 0.00096063 1.0821 -15.1242 96
- CONCLUSION

The proposed method (Real-Coded Genetic Algorithm) presented in this paper can be
implemented on-line for small and medium-scale power systems load flow solution and it can be
used for planning study for large-scale systems. The proposed method has reliable convergence and
high accuracy of solution. Whereas the traditional numerical techniques (Gauss-Seidel, Newton-
Raphson, Fast decoupled,...ctc.) use the characteristics of the problem to determine the next
sampling point (e.g. gradient, linearity and continuity), genetic algorithm makes no such
assumptions. Instead, the next sampled point is determined based on stochastic sampling or decision
rules rather than on a set of deterministic decision rules. Also, whereas the traditional numerical
techniques mentioned above use a single point at a time to search the problem space, genetic
algorithm uses a population of candidate solutions for solving the problem. Thus, reducing the
possibility of ending at a local minima. Although
binary-coded genetic algorithm has been successfully applied to a wide range of optimization
problems, they suffer from disadvantage when applied to the real-world problems involving a large
number of variables. Thus, we use in our problem the real-coded genetic algorithm, where all
decision variables (unknowns) are expressed as real numbers. Explicit conversion to binary does not
take place. A reduction of computational effort is an obvious advantage of a real-coded genetic
algorithm. Another advantage is that, an absolute precision is now attainable by making it possible to
overcome the crucial decision of how many bits are needed to represent potential solutions. Blending
models are used in the crossover operator to remedy the problem of the crossover in the real-coded
genetic algorithm which is, no new information is introduced: each continuous value that was
randomly initiated in the initial population is propagated to the next generation, only in different
combinations. Thus, the blending methods combine variable values from the two parents into new
variable values in the offspring. At the same time, these methods do not allow offspring variables
outside the bounds set by the parent unless p > 1, where B is a random number on the interval [0,1].
Finally, solving the load flow problems by genetic algorithm gives high accurate results with respect
to the conventional methods, since load flow study is multiple solutions.
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LIST OF SYMBOLS AND ABBREVIATIONS

b : Any variable in the chromosome.
B : Imaginary part of admittance.

c : Crossover point.

e : Real part of bus voltage.

E : Complex bus voltage.

f : Imaginary part of bus voltage.

G : Real part of admittance.

GA : Genetic Algorithm.

LF : Load Flow.

n : Number of busses in the power system.
N : Number of objective functions.

Nyar : Number of variables in an individual.

Nieep : Number of chromosomes that are kept each generation.
Ning : Number of individuals in the population.

p : Iteration index.

p.u : Per unit.

PQ : Load busbars.

PV : Generator busbars.

sp : Specified value.

V : Bus voltage magnitude.

w : Weighting factor.

Xrate - Selection rate.

Yk : Self admittance of bus (k).

Ym : Branch admittance between busses (k) and (m).
AP : Active power mismatch.

AQ : Reactive power mismatch.

o : Bus voltage phase angle.

B : Random number on the interval [0,1].
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APPENDIX |

Nodal admittance matrix elements for “5 busbars” typical test system, per-unit quantity = 100

MVA, and 132 KV. The following data are all in (p.u), and buses data.

From Bus To Bus G (p.u) B (p.u)

1 1 6.25 -18.695

1 2 -5 15

1 3 -1.25 3.75

1 4 0 0

1 5 0 0

2 2 10.83334 -23.415

2 3 -1.66667 5

2 4 -1.66667 5

2 5 -2.5 7.5

3 3 12.91667 -38.695

3 4 -10 30

3 5 0 0

4 4 12.91667 -38.695

4 5 -1.25 3.75

5 5 3.75 -11.21

Bus Specified active Specified reactive Voltage
No. power (p.u) power (p.u) (p.u)

1 slack slack 1.06+j0
2 0.2 0.2 —
3 -0.45 -0.15 —
4 -0.4 -0.05 —
5 -0.6 -0.1 —
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ACTIVE NETWORK SECURITY BASED RSA ALGORITHM

Ahmed Freidoon Fadhil Wisam haitham abbood Computer and Software
Civil Engineering Department Engineering Department
University Of Kirkuk University Of Al- Mustansiriya
ABSTRACT

The difficulty of building a secure network is due to the changing nature of the enterprise
coupled with the increasing sophistication of the hacker threat, both from inside and outside of the
network. Active networks enable individual user or groups of users to inject customized programs
into the nodes of the network.

The proposed system depends on the basic concepts (authentication and authorization) and uses
RSA algorithm to add additional level of security. The proposed system also depends on active
packet architecture, the packet will represented in the active node as input, and when the packet is
retransmitted to another active node it carries information about each node it visits. The result of
execution the packet will display in the first node where the packet started.
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INTRODUCTION

Computer networks are becoming fundamental to the functioning of modern organizations. As
the dependency on networks increases, the need to control networked resources becomes
increasingly critical. At the same time, networks are becoming ever more valuable in terms of their
function, the resources they offer, and the information they contain. In this way, they become not
only more valuable to an organization itself but they also become an attractive target for hostile
parties (both in and outside of an organization) (Gert D. L. 2005).

In the past decade, a wide variety of security mechanisms have been developed, aimed at
safeguarding the logical assets of an organization: firewall technologies, encryption and
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cryptographic authentication, biometrics and the like. These measures have one common factor in
that they attempt to prevent unauthorized access to resources they could be likened to the locks and
secure doors used in physical security (Gert D. L. 2005).

When performing security tasks, security professionals tray to protect their environments as
effectively as possible. These actions can also be described as protecting confidentiality, integrity,
and availability (CIA).

CIA stands for:-

e Confidentiality:- ensure that no data is disclosed intentionally or unintentionally.

e Integrity:- make sure that no data is modified by unauthorized person, that no unauthorized

changes are made by unauthorized person.

e Auvailability:- provide reliable and timely access to data and resources.

There is an idea (active network) that gives the user the ability to program the network (Psounis K.
1999).

ACTIVE NETWORK

The concept of active networking emerged from discussions within Defence Advanced
Research Projects Agency (DARPA) research community in 1995 on the future direction of
networking systems (Tennenhouse D. L. 1997).

Active Networks break with tradition by allowing the network to perform customized
computations on the user data. For example, a user of an active network could send a customized
compression program to a node within the network (e.g., a router) and request that the node execute
that program when processing their packets. These networks are "active™ in two ways:

e Routers and switches within the network actively process, i.e., perform computations on, the
user data flowing through them.

e Individual authorized users and/or administrators can inject customized programs into the
network, thereby tailoring the node processing to be user and/or application specific
(Tennenhouse D. L. 2002).

There are three principal advantages to basing the network architecture (on the exchange of
active programs, rather than static packets):

e Exchanging code provides a basis for dynamically adaptive protocols, enabling richer
interactions than the exchange of fixed data formats.

e Active packet provides a means of implementing fine grained application-specific functions
at strategic points within the network.

e The programming abstraction provides a powerful platform for user-driven customization of
the infrastructure, allowing new services to be deployed at a faster pace than can be
sustained by vendor driven standardization processes (Tennenhouse D. L. 2002).

So, active network would enable a range of applications that leveraged computation within the
network, and it would accelerate the pace of innovation by decoupling services from the underlying
infrastructure (Whetherall D. 1999).
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ACTIVE NETWORK ARCHITECTURES

Active
Application

Execution EE1 EE2 EEn
Environment

Node OS O O

Fig. (1): Active Network Architecture

The architectures are classified based on their approach toward the realization of active
networking. Figure 1 shows the high level AN node (Active Network Node) architecture. Each AN
node runs an operating system (Node OS) and one or more execution environments (EE). When a
packet arrives at a node, it will be first handled by the Node OS. Node OS verifies and identifies the
content of that packet. If the packet does not require further process, it is then simply forwarded to
the next node. If further process is needed, the packet is passed to the EE. The further process in the
EE may include running an active application or simply store the data brought by the packet.

There are currently three architectures in implementing active network:

Active packets, active nodes and hybrid approaches. Most of the early active networks architectures
follow “the active packet” approach. This scheme is fundamentally characterized by the fact that the
code is carried inside the packet. The nodes are also active in a sense that they allow computation
up to the application layer (Clavert K. L. 1999).

«+ Active Packet Approach

In active packet the code is carried by the packets. The code is either to be executed on the data
of the same packet that carries the code or to be executed in order to change the state or the
behavior of the node (Bhattacharjee S. 1999).

Service CODE DATA

Fig. (2): Active Packet Approach Representation

4165




A. F.Fadhil Active Network Security Based Rsa Algorithm
W. h. abbood

++ Active Node Approach

In this approach, the packets do not carry the actual code or program. Instead, the packet carries
some identifiers or references to functions reside in the active nodes. The packet, nevertheless, is
considered active in a sense that they decide which functions are going to be executed on their data,
and they provide the parameters for these functions (Jean-Patrick G. 2003).

Service ID. DATA

Fig. (3): Active Node Approach Representation

% Hybrid Approach

Active packets can carry code efficiently only when the code is relatively simple and restricted.
On the other hand, active nodes can efficiently provide any code given that the code is predefined.
In the hybrid architecture, active packets carry actual code and other more complex code resides in
active nodes. Hybrid architecture makes possible to use more complex programs and be flexible
enough to program command or parameters in data packets (Eva H. 2001).

SECURITY ISSUES IN ACTIVE NETWORKS

To provide security in the active network, we need two basic services: authentication and
authorization.

Authentication is the core of many current security mechanisms, it encompasses the technologies
used to identify and verify the authenticity of users, network components and processes. This
ranges from simple password based schemes through to biometric and cryptographic mechanisms.
The ultimate goal is to uniquely associate an entity external to a system with an identity stored
inside the system. In most systems, this is done by requesting some identifying information from a
client, for example a password, biometric reading or response to some challenge. This information
is then verified against information held inside the system. When the identifier and stored
information are match, the user is authenticated; otherwise the user is denied (Ravi S. 1996). Figure
4 provides a graphical overview of the authentication method.

Password table

Usrel,pass.
Usre2,pass.

A 4

Server

1. Client sends username to server.

2. Client sends password to server.

1 2 4 3. Server compares [user, pass.] pair
with its database to determine if user is
authentic.

) 4. Server provides service authorized
Client | | for user if [user, pass.] match in step3.

Fig. (4): Authentication diagram

4166



Number 4  Volume 15 December 2009 Journal of Engineering

In an active network, authorization to perform some requested access or action would be the
overwhelming security concern. The authorization may take the form of control of access to objects
or functionality, control of exposure of data, or control of resource usage. Authentication and
authorization are somewhat tightly-coupled mechanisms; authorization systems depend on secure
authentication systems to ensure that users are who they claim to be and thus prevent unauthorized
users from gaining access to secured resources (Laat 2000).

The proposed system depends on (authentication and authorization) and used RSA (encryption-
decryption) algorithm to add additional level of security.

PROPOSAL SYSTEM

The proposed system was built using the hardware architectures that show in Fig. 5.

Not active Not active

Not active

) Notactive

THE DESIGN PROCESS

The proposed system contains two parts, the first part is security and the second part is active
network part, installed in active PC for the purpose of security by examining the received packet
from inside and outside.

The proposed program installed on PCs waiting to be active (in the work the number of active
PCs is 6), the active node is the PC that

e Have a program permits to make the packet passing inside it.
e The ability to make secure execution on packet.
e The authentication and authorization role are defined inside it.
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e The encryption and decryption algorithm done inside it.

e When active node is busy it will search for another active node which is Idle to
continue processing.

Note that all IP (Internet Protocol) addresses of active nodes are defined in packet and the active
node will be busy when there is fault in PC or normal termination. The proposed system was
written in Microsoft Visual Basic version 6 and uses window manner in its work. As well as it uses
the database to store the information like username, password, job, and the information about
authorization. And it has APl (Application Program Interface) tools (An API is simply a set of
functions that can be used to work with a component, application, or operating system), these
functions that can be called from any application running in Windows. At run time, a function is
dynamically linked into the application that calls it.

% Security Part

This part is used for securing the active node. It will exam the received packet from inside and
from outside. This part is relay on the concepts authentication, authorization and encryption.

Now the first case depends on authentication and authorization rule, the authentication rule is as
follows:

o Username

o Password

o Job

o E-mail
If the username and password is entered three times incorrect then the Program terminates.
The authorization rule is as follows:

o Permit the user to use the active PC

o Permit the user to present the result

o Permit the user to use the active PC and present the result

The information about authentication and authorization is verified against information reside
inside the system, the packet is authenticated if the identifier and stored information is match,
otherwise the packet is denied. Incase of authenticated packet, active node will make a secure
execution on it. When packet move from one active node to another, during processing, it carry's
information about each node it visit.

Second case, this part also depends on encryption by using RSA algorithm to increase the security.
The RSA algorithm is explained as follows:

Generate two random prime numbers p and g.

Multiply p and g together to generate N.

Choose another number e which must be relatively prime to (p-1) (g-1).
Calculate the value of ciphertext as C=M®(mod N).

Find d such that: e*d=1 (mod (p-1) (g-1)).

6. Calculate the value of plaintext message as M= C% (mod N).

Where

agkrownE
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M: plaintext message.

C: ciphertext message.

Public key: (e, N).

Private key: (d, N).

Now if we choose p=11, g=3 then

N=33.

(p-1) (g-1) =20.

Let Z= (p-1) (g-1).

Suitable value for e =3, since 3 and 20 have no common factors.
With these choices, d can be found by solving the equation:
3d=1 (mod 20).

Which yield d = 7.

The ciphertext, C, for a plaintext message, M, is given by
C=M3(mod 33).

The ciphertext is decrypted by the receiver by making use of rule:
M=C’ (mod 33).

«+ Active Network Part

This part is divided into two subparts, client part and server part. After the active node receives
the packet, the server part will begin working on it, in case of transmitting the packet to another
active node to continue the processing, the server should changed to the client part and the server
part of the new active node will receive the packet and work on it.

( Start )

»
>

A 4
The computer (Active Node) becomes
SEVER by program
and waits for incomina packet

Sending Packet
to another (Active Node)

\4

Incoming packet

A\ 4
Decryption the Packet

Is Job
Finished

A 4

Reading information (Data)
from Packet

v

Execution the job

v

Recording information in the
packet

The computer (Active Node)
becomes CLEINT by program

Encryption the Packet

A

Fig. (6) :The lifecycle of Packet in active node
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Start

Encryption the Packet

A

\

If the Node is Active

If the active Node is
Idle

Move Packet to this active node

v

Decryption the Packet

N

Execution the program

No

Fig. (7) :
The operation on Packet
When enter active node

If execution is end

If the active Node
is hiisv

* THE SOFTWARE PROCESS

The Program is performed as follows:-

Step 1:- initially install the program in computer 1.

Step 2:- the program ask about username and password.

Step 3:- input IP address for all active nodes.

Step 4:- input information and suitability for users that use active nodes.
Step 5:- then install the program on all PC's we want them to be active.

Step 6:- input the job, for our example (Loop count) as shown in Fig. 8.
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=% [nput job

Input the number to increment

1+2+3+4+._.... +|1200] =?

Yes ‘ cancel

Fig. (8) Input of the job

Step 7:- run the job by entering the number we want the loop counts.

Step 8:- after 125 second, making active node 1 busy (by entering a CD in to the CD Drive which
has the priority), the packet size become 15.360 and the packet travel to active node 2 and so
on till the job is finish. An example is shown in Table 2. The active packet travels between
the active nodes arbitrary by making the other nodes busy.

THE FINAL RESULT

It is clearly shown that each active node continue doing the Job as shown in Table 1 until we
make it busy ( by entering a CD in to the CD Drive ) and then other active node will take the Job
and continue it and so on. The size of the packet increased each time the active node changed until
the Job finished as shown in Table 1. The relationship between the time and the packet size are

shown in Fig. 9.
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Table 1: Time and size of packet lifecycle for all active nodes

Computer Name Time _Iifecycle Size of Packet in
Packet in seconds KB
Computer 1 125 15.360
Computer 2 134 15.872
Computer 3 90 16.384
Computer 6 153 16.896
Computer 3 112 17.408
Computer 2 234 17.920
Computer 5 120 18.432
Computer 1 32 18.944

20
18
16
14
12

Size (KB)
P
o

oON MO

T T T T T T T
125 134 90 153 112 234 120 32
Time (sec)

Fig. (9): The relationship between time and packet size
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CONCLUSIONS

From the results obtained from the test of the proposed system we can conclude:-

Systems flexibility is very high, since the system can perform a variety of tasks and remain
efficient.

The security power of proposed system comes from different security tools (Authentication,
Authorization and RSA algorithm), which reduce the possibility of hacking the information
since the attacker has to defeat all those tools.

The performance of proposed system is good because the throughput is displayed in the first
active PC when packet started, and carries information of each node it visits.

Cost in
o Time (because more time spend on the cryptographic operation).
o Packet overhead.

The weakness of using password, which can be stolen, accidentally revealed or forgotten.
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ABSTRACT

This paper presents the effect of the static air-gap eccentricity on the performance of a
three phase induction motor .The Artificial Neural Network (ANN) approach has been used to
detect this fault .This technique depends upon the amplitude of the positive and negative
harmonics of the frequency. Two motors of (2.2 kW) have been used to achieve the actual fault
and desirable data at no-load, half-load and full-load conditions. Motor Current Signature
analysis (MCSA) based on stator current has been used to detect eccentricity fault. Feed forward
neural network and error back propagation training algorithms are used to perform the motor
fault detection. The inputs of artificial neural network are the amplitudes of the positive and
negative harmonics and the speed, and the output is the type of fault. The training of neural
network is achieved by data through the experiments test on healthy and faulty motor and the
diagnostic system can discriminate between “healthy” and “faulty” machine.

Index Terms: Static Eccentricity, Three Phase Induction Motor, Artificial Neural Network

4176




Q. S. Al-Sabbagh Detection of Static Air-Gap Eccentricity in Three Phase

H. E. Alwan Induction Motor by Using Artificial Neural Network (ANN)

INTRODUCTION

Rotating electrical machines play a very important role in the world’s industrial life. In
petrochemical and power utilities, the failure of electrical motors and generators causes a high
cost. This is due to the loss of production, high emergency maintenance costs and lost revenues.
Industry’s response towards this problem of unexpected interruptions of work is by using “catch
it before it fails” approach. The oldest technique for preventive maintenance was tearing the
electrical machine down and then looking at it closely. However, taking the motor out of service
is costly and time consuming. This is why today’s modern industry management is more
interested than ever before in adopting new condition monitoring techniques, on-line or off-line,
to assess and evaluate the rotating electrical machine’s performance condition[1].

The major faults of electrical machines can broadly be classified by the following [1]:
a) Stator faults resulting in the opening or shorting of one coil or more of a stator phase
winding.
b) Abnormal connection of the stator windings.
c) Broken rotor bar or cracked rotor end-rings.
d) Static and /or dynamic air-gap irregularities.
e) Bent shaft (akin to dynamic eccentricity) which can result in a rub between the
rotor and stator, causing serious damage to stator core and windings.
f) Bearing and gearbox failures.
The eccentricity fault and it’s diagnostic techniques will be discussed briefly in
this paper.
The diagnostic methods to identify the above faults may involve several types
of fields of science and technology. They were described in references [1, 2] as
listed below:

a) Electromagnetic field monitoring, search coils, coils wound a round
motor shafts (axial flux related detection).

b) Temperature measurements.

c) Infrared recognition.

d) Radio Frequency (RF) emissions monitoring.

e) Noise and vibration monitoring.

f) Acoustic noise measurements.

g) Motor current signature analysis (MCSA).

h) Model, artificial intelligence and neural network based techniques.

There are different research works in the field of induction machine fault diagnosis
include electrical, mechanical, and magnetic techniques. These techniques can be regarded as
basis for developing on-line and/or off-line rotating electrical machine condition monitoring
systems. Electrical and magnetic techniques include magnetic flux measurement, stator
current analysis, rotor current analysis¢ partial discharges for evaluating stator insulation
strength for high voltage motors, shaft-induced voltages, etc. Mechanical techniques include

the machine bearing vibration-monitoring systems, speed fluctuation analysis of induction
machines and bearing temperature measurement. MCSA for incipient fault detection has
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received much attention in recent years. For most purposes current monitoring can be
implemented inexpensively on any size machine [2].

R.R. Schoen et al. [3] have proposed new method for induction motor fault detection by
built on line system utilizes artificial neural networks to learn the spectral characteristics of a
good motor operating on line.

M. S. Arefeen et al. [4] presented a similar paper on the analysis of air-gap flux, current
and vibration signals as a function of both static and dynamic air-gap eccentricity in 3-phase
induction motors. They used the same approach, the air-gap permeance approach, as in [2] for
calculating the flux density and unbalanced magnetic forces caused by eccentricity¢ except that
they suggested that the dynamic and static eccentricity should both be considered simultaneously
and a new theoretical analysis was presented. Also, it was suggested that in addition to
monitoring the line current signature, the vibration analysis should be put forward to identify
which particular form of eccentricity is dominant.

X. Huang et al. [5] propose a scheme to monitor voltage and current space vectors
simultaneously in order to monitor the level of air-gap eccentricity in an induction motor. An
artificial neural network is used to learn the complicated relationship and estimate corresponding
signature amplitudes over a wide range of operation conditions.

F. Filippetti et al.[6] presented an induction machine rotor fault diagnosis based on a neural
network approach, after the neural network was trained using data achieved through
experimental tests on healthy machines and through simulation in case of faulted machines, the
diagnostic system was found able to distinguish between "healthy “and "faulty “machines.

H. A. Toliyat et al. [7] have also proposed the detection of air-gap eccentricity in induction
machines by measuring the harmonic content in the machine line currents. However, they
proposed a new way for modeling the machine under eccentricity. The winding function
approach accounting for all the space harmonics in the machine was used to calculate all the
mutual and magnetizing inductance’s for the induction machine with eccentric rotors between
"healthy" and "faulty" machines.

- Eccentricity Related Faults

Machine eccentricity is the condition of unequal air-gap that exists between the stator and
rotor [1,7]. When eccentricity becomes large, the resulting unbalanced radial forces also known
as Unbalanced Magnetic Pull (UMP) can cause stator to rotor rub, and this can result in the
damage of the stator and rotor. There are two types of air-gap eccentricity: the static air-gap
eccentricity and the dynamic air gap eccentricity as shown in Fig. (1). In the case of the static air-
gap eccentricity, the position of the minimal radial air-gap length is fixed in space. Static
eccentricity may be caused by the ovality of the stator core or by the incorrect positioning of the
rotor or stator at the commissioning stage. If the rotor-shaft assembly is sufficiently stiff, the
level of static eccentricity does not change. In case of dynamic eccentricity, the center of
the rotor is not at the center of the rotation and the position of minimum air-gap rotates with the
rotor. This misalignment may be caused due to several factors such as a bent rotor shaft, bearing
wear or misalignment, mechanical resonance at critical speed, etc.
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an )
N

a)Concentric b)Static eccentricity c¢) Dvnamic eccentricity
Fig. (1) Eccentricity types

In reality both static and dynamic eccentricities tend to co-exist. An inherent level of static
eccentricity exists even in newly manufactured machines due to manufacturing and assembly
method, as has been reported by Dorrell [8]. This causes a steady unbalanced magnetic pull
(UMP) in one direction. With usage, this may lead to bent rotor shaft, bearing wear and tear etc.
This might result in some degree of dynamic eccentricity. Unless detected early, these effects
may snowball into stator to rotor hub causing a major breakdown of the machine [9]. The

presence of static and dynamic eccentricity can be detected using MCSA. The equation
describing the frequency components of interest [1]
feee= fI(K1R £ng)(1-s)/p £ V] )

where ng=0 in case of static eccentricity, and ng=1,2,3,... in case of dynamic eccentricity
(ng is known as eccentricity order), f is the fundamental supply frequency, R is the number of
rotor slots, s is the slip, p is the number of pole pairs, k; is any integer, and v is the order of the
stator time harmonics that are present in the power supply driving the motor. (v=+1,+£3,+5...). In
case one of these harmonics is a multiple of three, it may not exist theoretically in the line
current of a balanced three phase machine. However it has been shown by Nandi [10] that only a
particular combination of machine poles and rotor slot number will give rise to significant only
static or only dynamic eccentricity related components. However, if both static and dynamic
eccentricities exist together, low frequency components near the fundamental is [11],

fi=If tki fr|, wherekl=1,2,3 ... )

can also be detected. Mixed eccentricity also gives rise to high frequency components as
described by equation (1). Modeling based approaches to detect eccentricity related components
in line current have been described in [11]. The simulation results obtained through the models
are also well supported by permeance analysis and experimental results. Vibration signals can
also be monitored to detect eccentricity-related faults. The high frequency vibration components
for static or dynamic eccentricity are given by [7] using an equation similar to (1) (only the

values of N and v are different).
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THE EXPERIMENTAL SET-UP

The block diagram of the experimental set-up is shown in Fig. (2), motor specifications
are shown in the Appendix, a dc generator of (3kW) rating has been used as a load for the
induction motor.

The inputs to the data acquisition are from one of the motor lines as a current and from

[ Induction Motor Dc Generator ]

Current Sensor [—| Tachometer

Load

: | Analog-Digital Converter

v

Digltal Signal Processor

v

Incipient Detector ANN

v

Type of Fault

Fig.( 2)The Experiment Set for Fault Detection of Induction
Motor

the tachometer as a speed; these two inputs signals are converted to voltage signals before using
A/D converter. The data of the current and the speed given to the data acquisition circuit the line
current measured by using current transformer ratio (10/4) A passing through a resistance of 1Q
which given 4 volt to the data acquisition circuit, then the line current will convert to the
frequency domain by using the Fast Fourier in Matlab program package to abtain the sampling
frequency and sampling time of the waveform. The speed of the motor measured by using the
tachometer will be converted to the voltage value, it’s found that the tachometer used in the
laboratory give 0.06 volt for each rotation, then by using Equ. 1 to calculate the positive and the
negative harmonics frequencies and their amplitudes will be illustrated in the tables, these
amplitudes will used to train the neural network to give the incipient detection of the fault.

-EXPERIMENTAL RESULTS
The experiments included three tests (no-load, half load and full load) on both the healthy
motor and the motor with eccentricity fault.
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Healthy Motor Tests

The line current waveform and the Fast Fourier Transform (FFT) for no-load, half-load and
full-load of healthy motor are studied in three different tests these are:
A- No-Load Test

This test involves operating the system at no-load , the values of current , speed and slip
were 3.5A, 2950 rpm and 0.0166 respectively. The current waveform and it’s FFT are shown in

Fig. (3).

a) AT AT TN A N Y

4t : : : : : : :  Sec.

b)

4r F

Amplitude 3

2

1

0 [ o B ol O

o 50 100 150 200 250 300 350 400 450 500

Freq.
Fig. (3) Current waveform in healthy motor at no-load

a) Line current waveform b) Corresponding FFT

B- Half -L oad Test

This test involves operating the system at half-load, the values of current, speed, and slip
are 5A, 2900 rpm and 0.033 respectively. The current waveform and it’s FFT are shown in Fig.

(4).
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Fig. (4) Current waveform in healthy motor at half-load
a) Line current waveform b) Corresponding FFT

C- Full -Load Test

This test involves operating the system at full-load , the value of current, speed and slip
were 8.5A, 2850 and 0.05 respectively . The current waveform and it’s FFT are shown in Fig.

(5).

10

A AN ~
fN [\ ]\ \
\/ vV \J \ \/

~/ A4

o 0.02 0.04 0.06 0.08 0.1 0.12
Time(sec)

QD
N
current Amplitude
o
\)
7
7

Amplitude

b) 2

0 - = - - C Il
o 50 100 150 200 250 300 350 400 450 500
Frequency(Hz)

Fig. (5) Current waveform in healthy motor at half-load

a) Line current waveform b) Corresponding FFT
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Eccentricity Related Faults Test

The second experiment was eccentricity fault as mentioned before. There are two types of
eccentricity dynamic and static. In this experiment the static eccentricity was tested on motor at
which the centre of rotor was not at the centre of stator as shown in Fig.(6).The stator line current
and it’s Harmonic analyses were performed on the acquired data for three cases .Equ.1 is used to
calculate side bands frequencies for three cases. All cases for ng=0 and R=20.

Fig. (6) Side view of rotor eccentricity motor
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A- No-Load Test
This test involves operating the system at no-load ,the values of current , speed and the slip
are 3.5A, 2810 rpm and 0.063 respectively. The current waveform and it’s FFT are shown in

Fig. (7).

n
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-4 s L L L L L £
(] 0.02 0.04 0.06 0.08 0.1 0.12
Time(sec)
3r
b) .
=2
E—
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Frequency(Hz)

Fig. (7) Current waveform of eccentricity fault at no-load

a) Line current b) FFT

Table 1 Illustrates the positive, negative harmonics and their amplitudes for different values
of harmonics (v) at no-load, the data of the motor is:

Input Frequency  Motor Speed Slip (s) 50Hz
2810 rpm 0.063

Equation (1) is used to calculate the positive and the negative harmonics and their amplitudes
which are given in Table (1).
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Table 1 Positive, negative harmonics at no-load (Eccentricity Fault)

v | Pos. Harmonic(Hz) | Amplitude(A) | Neg. Harmonic(Hz) | Amplitude(A)
1 |987 0.03 887 0.0168
3 |1087 0.0063 787 0.0129
5 11187 0.022 687 0.05
7 |1287 0.02 587 0.029
9 |1387 0.0177 487 0.019
11| 1487 0.0387 387 0.0124
13 | 1587 0.024 287 0.018
15| 1687 0.0234 187 0.04
17| 1787 0.0167 87 0.115
19 | 1887 0.0166 0 0
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B-Half-Load Test
This test involves operating the system at half-load, the values of current, speed and the slip
are 5A, 2790 rpm and 0.07 respectively. The current waveform and it’s FFT is shown in Fig. (8)
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Fig(8) Current waveform of stator eccentricity fault at half-load

a) Line current waveform b) Corresponding FFT

Table 2 illustrates the positive, negative harmonics sequence and their amplitudes for
different values of v at half-load, the data of the motor is:

Input Frequency  Motor Speed  Slip (s)
50Hz 2790 rpm 0.07
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Table 2 Positive, negative harmonics at half —load (Eccentricity Fault)

v | Pos. Harmonic(Hz) | Amplitude(A) | Neg. Harmonic(Hz) | Amplitude(A)
1 (980 0.023 880 0.063
3 {1080 0.0597 780 0.06
5 | 1180 0.047 680 0.0513
7 {1280 0.0156 580 0.043
9 |1380 0.01 480 0.034
11| 1480 0.026 380 0.0332
13 | 1580 0.01 280 0.051
15 | 1680 0.045 180 0.089
171780 0.0568 80 0.364
19 | 1880 0.026 0 0

C-Full-Load Test
This test involves operating the system at full-load, the values of current, speed and the slip
are 8.5A, 2720 rpm and 0.093 respectively. The current waveform and it’s FFT is shown in Fig.

9).
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Fig. (9) Current waveform of eccentricity fault at full-load
a) Line current waveform b) FFT

Table 3 Illustrates the positive, negative harmonics sequence and their amplitudes for different
values of v at full-load, the data of the motor is:

Input Frequency  Motor Speed  Slip (S) 50Hz
2720 rpm 0.093

Table 3 Positive, negative harmonics full-load (Eccentricity Fault)

v | Pos. Harmonic(Hz) | Amplitude(A) | Neg. Harmonic(Hz) | Amplitude(A)
1 |957 0.0438 857 0.0323
3 | 1057 0.0445 757 0.027
5 | 1157 0.046 657 0.0334
7 | 1257 0.0319 557 0.082
9 | 1357 0.0466 457 0.0208
11 | 1457 0.022 357 0.066
13 | 1557 0.0115 257 0.157
15 | 1657 0.0155 157 0.086
17 | 1757 0.0131 57 0.673
19 | 1857 0.0212 0 0
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* Training of ANN for Faults Identification

The current and speed signals acquire from a three-phase 2.2kW squirrel-cage induction
motor. A software program was written using Matlab program package this program involve the
fast Fourier Transform of the acquired data and the positive and negative harmonic frequency
and their amplitudes. In order to make neural networks perform well, the data must be well-
processed and properly-scaled before inputting them to ANN. Therefore there are two outputs
corresponding to one fault and healthy condition. The number of neurons of hidden layer given
to the program during the training process was two to give suitable error. The neural network
being trained based on the amplitude of the side bands, a total of 120 data sets (20 data sets for
the eccentricity fault condition) are used in the training. The type of network belong to
supervised learning, it needs a teacher to lead it in order to achieve the determined goal. Fig. (10)
illustrates the inputs and outputs of the ANN. In this research a feed-forward network is used,
and it is trained with the back propagation algorithm using tan sigmoid function, pure line.

—p healthv
Amplituds Of )

Current Frequencies

ANN

et Eccentricty Fault

Motor Speed —»

Fig. (10) Inputs and outputs of ANN
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Performance is 1.71774e-027, Goal is 1e-025

Training-Blue  Goal-Black

] 2 4 B g 10 12
Stop Training 12 Epochs

After

successful training the network, it will then used to detect the eccentricity fault. It is depicted
training sum squared error related to the number of iterations in Fig. (11), the error of training
parameter goal given to the program was (1le-25), but the result of the training was less than the
error given to the program, as it is shown in Fig. (11).

Fig. (11) The performance of ANN Training

* CONCLUSION

The work reported in this paper has involved designing and building a motor
monitoring system using an Avitificial neural network for fault detction of three phase
induction motor .To accomplish this, a hardware system was designed and built to
acquire three-phase stator current and speed from a (2.2kW) squirrel-cage induction
motor. The ability of the phase current to detect specific fault was tested, since
monitoring this parameter is the most convenient and cheapest way to sense a fault. it was
clear that The sideband frequencies are function of the slip, so they are changing with the
speed (that change with the load) . From the sideband frequencies calculated in the
tables(1,2 and 3) it’s found that the distance of the positive and negative from the
fundamental increased with increasing of the load, and the same for different values of
k/p and for all types of faults. From the reported work,the disadvantage of most ANN’s
are their inability to respond to previously unseen conditions. Therefore , if there is an
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occurance of a new fault that the network doesn’t been trained to recognize ,and the
fault may be misdiagnosed which produce weak output results.
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APPENDIX

(Motor Parameters):
2.2 KW (3HP), 2Pole, 50Hz, 380V

Rated Current .......... ... .8.5A
Stator resistance (RS)..................... 2.302 Q
Rotor resistance(R)...................... 3.164 Q
Rotor reactance (Xr).........coovvvnnennnn. 3.587 Q
Stator reactance (Xs).......oeereennennnnn. 4.265 Q
Magnetizing reactance (Xm)..............90.919 Q
Number of slots..........cooiiiiiiiii, 24
Number of rotor bars................cooieiitn, 20
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BAGHDAD ELECTRIC POWER STATION TO THE TIGRIS RIVER

Ass.Teacher. Tariq J.Al-Mosewi Prof. Dr.Mohammed Ali I. Al-Hashimi
Env. Eng. Dept. Building and construction Eng. Dept.
College of Engineering University of Technology
University of Baghdad Baghdad-Iraq

Baghdad-Iraq

ABSTRACT

Thermal pollution occurs when heated wastewater is discharged into rivers, lakes, oceans, or
other water bodies. This will raise the temperature of the water body above its normal level and,
consequently, will harm the aquatic live.

Thermal Pollution problems will intensify as electricity usage increases unless substantial
changes are made in the mode of discharge of the heated water.

This paper is aimed to study the effects of heated water released from South-Baghdad Power
Station on the water quality of Tigris River. Many parameters are test such as: Temperature (T), Total
suspended solids (TSS), Total Dissolved Solids (TDS), Electrical Conductivity (EC), Hydrogen lon
(pH) and the dissolved oxygen (DO). Other parameters are tested to describe the heated water
components such as Biochemical Oxygen Demand (BOD), Oil+Grease, and PO,.These parameters are
compared with the allowable limits of rivers according to the Iragi standards NO.25/1967 and found
that some parameters exceed the allowable limits.
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INTRODUCTION
The major industries produce the heated wastewater are: Steam Electric Generating Plants,
petroleum refineries, steel Mills, chemical plants, etc.
Water bodies of water lose and gain heat much more slowly than do land or masses, and under
most circumstance, water temperature is fairly constant and changes gradually with the season.
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Thermal pollution problems will intensify as electricity usage increases unless substantial
changes are made in the mode of discharge of the heated condenser cooling water. Steam generation of
electrical power plant requires rejection of tremendous quantities of waste heat typically 58% - 67% of
the energy input to the plant from the generation units to the surrounding (Paily et al., 1974). This heat
is transferred in the condensers from the low-pressure steam to the cooling water, and then directly to
the atmosphere by the means of a cooling tower, or directly discharge to the water body(Fig.1).

The directly discharge of heated water to the river can be more dangerous to the health of the
receiving water than organic pollution. Higher temperature reduces solubility of oxygen and chemical
reactions proceed at a faster pace (Masters,1998).

Al-Jalaby (1994) developed a two-dimensional numerical model for the simulation of the
spread and mixing of thermally polluted water disposed into the river flow. This model considers the
effect of density difference between the pollutant density and the river water density. Finite difference
up winding scheme is used to solve partial differential equations, which include the momentum
conservation, energy conservation and (K-¢&) turbulence model. The results of this model are verified
by integral heat balance analysis. This model is found to be sensitive to the variation in the river
velocity and density. It is also insensitive to the variations in wind speed.

Li-Ren and Righetto (1998) presented unsteady state two-dimensional model to simulate the
velocity and temperature fields in the estuary of the Yangtza River in Brazil. The computation is based
on the advanced turbulence depth averaged two equations (k-€) model. Variations of bottom
topography and water surface elevation are included. The distribution of velocity and temperature
computed by turbulence model (k-€) is compared with experimental results and field data. It is found
that the simulation by using (k-€) model can provide more details of flow fields and temperature
distribution than once by using phenomenological algebraic for models of eddy viscosity and
diffusivity.

Bormans and Webster (1998) investigated the thermal stratification dynamics of the slow-
flowing rivers of the Marray-Darling Basin. The net surface heat flux and the river discharge are the
two most important parameters that determine the stratification status of the rivers with little effect
from direct wind mixing. Excellent agreement between measured and simulated temperature profiles
under a wide range of river discharge and meteorological forcing is obtained.

Cakiroglu and Yurteri (1998) presented the mathematical model to predict the long-term
effects of once through cooling systems on local fish population. The fish life cycle model simulates
different life stages of fish by using appropriate expressions represented by growth and mortality rates.
The heart of the developed modeling approach is the prediction of plant caused reduction in total fish
population by estimating recruitment to adult population with and without entertainment of
ichthyoplakton and impingement of small fish. The model is applied to a local fish species, gilthead
(Sparus aurata), for the cause of a proposed power plant in the Aegean region of Turkey. The
simulation indicates that entertainment and impingement may lead to a population reduction of about
2% to 8% in the long run.

Joody (2001) developed one and two dimensional numerical models for the simulation of the
spread and mixing of thermally polluted water disposed into the river released from the AL-Doura
Power Station starting from the outfall up to 1000m downstream. The momentum and thermal —energy
equations were used to describe the distribution of velocity and temperature in river. The two
dimensional model also incorporates with the (k- & ) model to calculate the distribution of turbulent
viscosity. The two dimensional model also discusses two cases; the first case neglects the effect of
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vertical velocity distribution, while the second case include it. Comparison of observed data on Feb,
3,2001 and July, 27,2001 with data computed by two-dimensional model shows good agreement with
error of 0.57% and 1.95% respectively.

Al-Suhaili and Jasim (2006) applied two dimensional numerical model for estimating
temperature distribution in a river. This model was found to be sensitive to the wind speed. A
laboratory physical model was built to find experimental data. The comparison of the observed results
from Al-Doura Power Station and laboratory physical model with those computed by the numerical
model showed a good agreement and the maximum absolute difference percentage were 16.2 %, 8.6 %
respectively.

Measurements and Field Work

A river reach of 500 m Long was involved in the present work. It is started from the outfall
structure of South-Baghdad station and extended to 500 m downstream. Samples were collected to
predict the essential variation of the water quality after the heated water discharge.

The cooling system applied in South-Baghdad power station is once through cooling system in
which the cooling water is withdrawn from the river via two pipes (1.4 m diameter), and then it is
conveyed to underground rectangular channels that convey the cooling water to the six condensers with
water temperature increase to about 10- 15 °C. The heated water returns to the river via an underground
discharge channel and an outfall structure located in the shoreline downstream on the intake structure.

Different field measurements were performed and different data were gathered, which can be
mainly classified as stream, wastewater and raw water sampling.

Stream sampling is considered to represent and give reliable measurements of water quality
constituents along the stream reach. Seven parameters are involved in the present work. These
parameters are temperature (T), dissolved oxygen (DO), Electrical conductivity (EC), total suspended
solids (TSS), total dissolved solids (TDS) and hydrogen ion (pH).

The temperature and dissolved oxygen were measured by using portable device. While, the
remaining measurements were collected every week using plastic bottle of 0.5 liter capacity and sent to
laboratory of the Power Station to be tested. Collection of samples was usually conducted using a boat.

Tables from 1 to 6 show the values of TSS, TDS, EC, pH, T, BOD, Oil & grease and PO,4. While,

figure from 2 to 7 show the variation of dissolved oxygen concentrations along the study reach

Table (1): The concentration of TSS, TDS, EC and pH at the upstream with time

o TSS TDS EC ) T
ae (mg/l) (mg/l) | (micromhos/cm) P ©
14/3/2002 71 510 819 7.98 20
21/3/2002 29 595 988 7.9 21
28/3/2002 2 499 810 787 24
41412002 45 502 816 7.9 21
11/4/2002 51 765 1015 7.88 22
20/4/2002 56 437 776 7.92 25
27/4/2002 56 437 728 7.8 27
1/5/2002 45 744 1068 7.99 26
8/5/2002 40 713 995 7.89 245
16/5/2002 59 752 1046 8.1 26

4195




T.T.J.Al-Mosewi
M. A.l. Al-Hashimi

Studying of Heated Water Released from
South-Baghdad Electric Power Station to
the Tigris River

20/5/2002 78 723 1012 8.1 29
4/6/2002 38 345 738 8.08 27
11/6/2002 41 422 902 8.07 28
18/6/2002 25 560 949 8.19 28
25/6/2002 21 588 915 8.19 28.8
2/7/2002 33 498 822 8.1 28
9/7/2002 30 522 884 7.98 29
15/7/2002 14 494 821 7.9 31

Table (2): The concentration of TSS, TDS, EC and pH at the outfall with time.

Dat TSS TDS EC H T
are (mg/l) (mg/l) (micromhos/cm) P oC
14/3/2002 51 535 883 7.99 28.8
21/3/2002 20 677 989 7.98 37
28/3/2002 19 554 990 7.88 33.5
4/4/2002 19 655 1002 7.89 36
11/4/2002 22 778 1055 7.9 34
20/4/2002 41 756 1050 7.9 31
27/4/2002 40 510 913 7.88 33
1/5/2002 38 810 1226 7.91 35
8/5/2002 30 832 1150 7.83 35.5
16/5/2002 49 827 1280 8.09 37
20/5/2002 66 770 1077 8.1 355
4/6/2002 21 391 791 8.05 36.3
11/6/2002 12 610 975 7.88 37.5
18/6/2002 8 615 979 7.9 39
25/6/2002 10 519 088 7.91 42.3
2/7/2002 13 575 885 8.1 43.2
9/7/2002 15 603 938 7.87 44.5
15/7/2002 8 588 975 7.09 46

Table (3): The concentration of TSS, TDS, EC and pH at the downstream (50 m far from outfall)

with time.

Dat TSS TDS EC 4 T

ake (mg/l) (mg/l) (micromhos/cm) P oC

14/3/2002 62 530 950 7.98 26

21/3/2002 25 610 969 7.99 26

28/3/2002 22 522 950 7.89 31

4/4/2002 22 651 971 7.9 33

11/4/2002 31 772 1075 8.1 31
20/4/2002 42 580 958 8.0 29.5
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27/4/2002 42 502 888 79 31
1/5/2002 39 785 1123 7.97 29
8/5/2002 33 809 1166 8.00 32.9
16/5/2002 55 775 1100 8.1 35
20/5/2002 68 705 1063 8.09 34
4/6/2002 25 372 690 8.1 31
11/6/2002 15 534 790 7.9 36
18/6/2002 10 512 752 7.91 36.7
25/6/2002 15 533 760 7.91 39
2/7/2002 14 511 693 8.15 41.5
9/7/2002 18 552 771 7.91 41.7
15/7/2002 12 510 753 7.14 43.5

Table (4): The concentration of TSS, TDS, EC and pH at the downstream (100 m far from
outfall) with time.

Date TSS TDS ~ EC oH T
(mg/l) (mg/l) (micromhos/cm) °C
14/3/2002 66 551 952 7.98 24
21/3/2002 25 608 961 7.89 30
28/3/2002 25 510 912 7.88 28.8
4/4/2002 29 648 966 7.9 30
11/4/2002 35 770 1027 8.1 28.5
20/4/2002 46 575 913 8.0 28
27/4/2002 47 420 835 7.9 30
1/5/2002 40 783 1100 7.97 26.7
8/5/2002 35 591 983 8.09 31
16/5/2002 56 725 1019 8.11 32.9
20/5/2002 70 751 1060 8.1 32
4/6/2002 29 341 558 8.1 28.5
11/6/2002 22 478 710 7.95 33.7
18/6/2002 16 440 703 8.01 34.5
25/6/2002 16 391 681 8.00 36
2/7/2002 19 377 605 8.16 37.4
9/7/2002 19 463 710 8.00 39.6
15/7/2002 20 400 675 8.00 41

Four parameters are involved in the present work, which are biochemical oxygen demand five
day (BODs), Oil+grease, TSS, and (PO,), These samples were collected once in a month (started from
April and ended in July)
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Table (5): The concentration of B.O.Ds, Oil+Grease, TSS and PO, in heated water.

April May June July
BODs (ppm) 17 40 60 52
Oil+Grease (ppm) 112 24 45 29
TSS (ppm) 44 41 34 19
PO, (ppm) 0.75 0.7 0.44 0.38

Table (6): The concentration of BODs, Oil+Grease, TSS and PO, in raw water.

April May June July
BOD 5 (ppm) 10 22 48 46
Oil+Grease (ppm) 105 16 19 25
TSS (ppm) 75 76 55 70
PO, (ppm) 0.4 0.5 0.3 0.3

Results and Discussion

e The TSS concentration decreases at the outfall location in which the temperature increases. The
increase of temperature will have effect on density of water (density decreases with temperature
increase), therefore the suspended solids will move downward the river bottom. But in the case of
washing of condensers, the concentration of TSS increases at the outfall because the washing water
will be released to the river directly.
= The maximum TSS concentration measured at outfall location on 3/1/2002 and its equal 188-ppm,
this high value may be attributed to the high concentration of TSS released from the condensers of
power plant at that time, while the minimum TSS concentration measured at outfall location on
18/6/2002 and 15/7/2002 which is equal 8 ppm.
e TDS and EC concentrations increase at the outfall location due to increase in the dynamic energy of
molecules, this leads to an increase in the dissolution salts in turn in (TDS) and (EC), For example
the concentrations of TDS and EC on 21/3/2002 are 677 ppm and 989 micromhos/cm at outfall
location, while they equal 610 ppm and 969 micromhos/cm at 50 m far from outfall location in which
the temperature of water river decreases.
= Maximum concentration of TDS measured at outfall location on 3/1/2002, which is equal 895 ppm
while the minimum concentration of TDS measured upstream on 4/6/2002,which is equal 345 ppm.
On the other hand, the maximum concentration of EC measured at outfall location on 16/1/2002,
which is equal 1220 micromhos/cm.while the minimum concentration measured at 100 m far from
outfall location on 2/7/2002, which is 605 micromhos/cm. Moreover the concentration of EC some
times exceeds the allowable limits (1000 micromhaos/cm).
e The test of stream water at the study reach shows there is no effective change in pH concentration
mainly at the outfall location; this can be attributed to the logarithmic equation of pH. Field
observation shows, those concentration levels of pH are acceptable along the study reach and still
with allowable limits of Iragi Standards (from 7 to 8.5).
e The concentration of Dissolved Oxygen (DO) is often used as index for water quality. At least 4
(mg/l) are required to maintain a balance of desirable species in the water. On the other hand, field
observation shows that the concentration of dissolved oxygen is acceptable along the study reach,
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i.e greater than allowable limit of Iragi Standards (more than 5 mg/l), but there is sudden dropping
at the outfall location because of temperature increasing.

e The test of heated water released to the Tigris River shows that there are illegal concentrations
of BODs and Qil. The high concentration of Oil (above 10 mg/l according to the Iragi standards,
see tables 5 and 6 ) comes from the State Company for Vegetable Oils which disposes high
concentration of oil upstream the South-Baghdad Power Station. Also the power plant itself
disposes oil to the pipe of heated water. BODs test shows there is illegal concentration in June and
July (above 40 mg/l according to the Iraqi standards) because the difference in inlet and outlet
water temperature. Also the State Company for Vegetable Oils disposes high concentrations of
BODs and TSS up stream Power Station at that time. PO, concentrations are within the permission
value of Iraqi standard which is (3 ppm).

CONCLUSIONS

e The dissolved oxygen of water river does not drop under the allowable limits (5 mg/l according
to the Iragi standards) so that there is no sever effect on the organisms lived in the river.

e The concentrations of total dissolved solids are within the allowable limits (1000 mg/I
according to the Iraqgi Standards) along the study reach.

e The Electrical Conductivity exceeds the allowable limits (1000 micromhos/cm) along the study
reach in some tests during the study period.

e The pH concentration is not affected by increase in temperature in study reach.

e The heated water samples showed that the concentration of BODs are slightly rising comaired
with the samples taken from the raw water.
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Figure (1): steam electric power plant
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Fig (2): Concentration of Dissolved Oxygen along the study
reaches in Jan/2002.
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Fig (3): Concentration of Dissolved Oxygen along the study
reaches in Feb/2002.
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Fig (4): Concentration of Dissolved Oxygen along the study
reaches in Mar/2002.
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Fig (6): Concentration of Dissolved Oxygen along the study
reaches in May/2002.
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INTEGRATED SYSTEM FOR AIR POLLUTION AROUND
REFINERIES
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Engineering ,University of Baghdad

ABSTRACT

A mathematical model for integrated air pollution modelling around refineries is built and
named as Computerized System for Integrated Air Pollution Modelling Around Oil Refineries
(CSIAPMAOR).The model based on Gaussian equation to estimate concentration of pollutants (SO,
NOz, CO, Particulates) that are emitted from a continuous air pollution elevated source. The model
is designed by using Visual Basic as a main core of the system and linked with auxiliary models
such as ArcMap (GIS), Surfer software, Ms-Excel and Ms-Access. The model has flexibility to
select either rural, urban or stability (Smith equation) wind speed profile. It also has the option of
using three types of dispersion coefficients equations for rural condition (PGT-Briggs-Martin
equation) and one equation for urban condition (Briggs equation).The model has many options to
display results as concentrations versus center line-downwind distance or as Three-Dimensional
(3D) map. The model can compute maximum concentration with the contribution of each stack to
the overall maximum concentration. Moreover the model has the ability to perform a sensitivity
analysis for the effect of the most important parameters according to the Gaussian equation. AL-
Doura Oil Refinery was taken as a case study using the available observed data of two sitesl and 2
for periods 15™ -21% and 23" -29™ August 1997 in order to check the performance potential of the
model. Results showed that Briggs equation for dispersion coefficients with rural wind speed profile
has the best degree of agreement with the observed values of 0.86, 0.90 for SO2; 0.69, 0.80 for NO2;
0.73, 0.79 for CO; 0.63, 0.60 for particulates at site 1 and 2 respectively. It is found, that for AL-
Doura Oil Refinery stacks number 6, 2, 7, and 3 have a large contribution on the overall maximum
concentration. The model demonstrates the influence of atmospheric stability, wind speed, emission
rate, exit velocity, physical height, exit temperature and rural-urban area in reducing the
concentrations of pollutants. Sensitivity analysis shows that the concentrations are sensitive to
stability class in comparison with other input parameters.

.CSIAPMADOR < (a5 SAladl J oo o) sl & plil AL Andall a8 e yae pldad ol a5 Cuanl) 138 8
S o) sl s Cm sy 2 gl AL 5y Sl 2 o) S Jia o) gl sl Gaadl oIS alalae e "Ll e 73 el
451K Visual Basic gl n pladinls 3 pdai a5 23 salll | aisall o) sell Eagli jalian (o Ansiall adllall 338 5 () 52 IS
Agds Allaa) glac Y daladiil a3 ArcMap(GIS) zebin "Y ) 1A B2 lusa zal o eU:‘..‘d\ Ly & Allaall anilid) dpaa p
Jalail 4, ) i€ Jal) H& s )l Al g Surfer gebise "Ll TINS ala) 4336 cld 4y ) @S il an y ae dpulu) 3o jlall
LG 03 rdsaill | sl il g Bl JS o Al @l s Ms Access z<bing Ms Excel gl "Gl | dpubual)
adalas) Al Y] e slaie YU ) il gl &y jmall Blalial) b =Ll e ilad sl CVS G (e as) 5 LY
— Briggs — PGT) o <¥alaalls Ayl (3haliall c¥alae GO (e saal y JLEaY LU a1 "liay) 23 gl (Cro
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INTRODUCTION

Urban air pollution due to activities of the process petroleum refinery industries is one of the
main problems faced by the industrial area worldwide. Many experimental analyses were carried
out to determine the extent of air pollution due to the petroleum refinery industry, focusing on the
concentrations of NO2, CO, SO2 [Abdulkareem, 2005].

The development of an air pollution model for multi-sources is no doubt useful. Integrated
models using available nowadays softwares will be useful in many ways. These models can be used
to predict different pollutants levels spread over the nearby area, due to different properties of
multipoint sources. The integrated model can allow the variation of sources properties, such as
emission rate, exit velocity, etc. Integrated models are those models that use different softwares
linked in a proper way to transfer data between these softwares to achieve certain tasks. Integrated
models are rather rare or expensive, while each of the softwares contributing in the developed
model is available and free. For example, Visual Basic, Ms Excel, Ms Access, ArcMap (GIS), are
available softwares nowadays, whereas a specialized integrated model for air pollution modelling is
not freely available. Hence the development of such model is essential. The main challenge in
building an integrated model for a special purpose is the proper linkage between the available
softwares, i.e. the way to transfer data between these softwares.

GAUSSIAN MODEL

The Gaussian model is perhaps the oldest (Circa 1936) [Bosanquet, 1936 as cited in
Wikipedia, 2008] and is the most commonly used dispersion model to estimate the concentration of
a pollutant because of its simplicity [Awasthi et al., 2006]. It assumes that the air pollutant
dispersion has a Gaussian distribution, meaning that the pollutant distribution has a normal
probability distribution. The primary algorithm used in Gaussian model is the Generalized
Dispersion Equation for a Continuous Point-Source Plume [Beychok, Milton, 2005 as cited in
Wikipedia, 2008].

GIS AND ENVIRONMENTAL MODELING

Geographical Information System (GIS) is a computer based information system that enables
capturing, modelling, manipulation, retrieval, analysis, and presentation of geographically
referenced data [Aronoff, 1991 as cited by Rahmatizadeha et al., 2002]. The basic advantage of this
science and technology is its ability to manage and integrate with the present database and for
spatial analysis such as (overlay, buffering and zoning) which provides an environmental alarming
system [Rahmatizadeha et al., 2002]. By doing air quality modelling in a GIS environment, the
output of the pollutant records can be obtained as spatial records in the form of map layers, which

4205



Number 4  Volume 15 December 2009 Journal of Engineering

can visualize real objects by vector and raster data formats together with graphs and multimedia
presentations [Matejicek et al., 2002].

THE COMPUTERIZED SYSTEM FOR INTEGRATED AIR POLLUTION MODELLING
AROUND OIL REFINERIES (CSIAPMAOR):

The designed model provides options to model point source emissions from stacks present
at industrial areas. The basic equation governing the phenomena is the straight-line, steady-state
Gaussian plume equation for a continuous air pollution elevated source [Kiely, 1997]:

1)
Oy

1(z-H,\
5 exp _E >

C(x,y,z,H,)=————exp| — =
bey 2 2ncy6,U P 2 1(74H 2
+ exp ——( e}
2 Oz

J

Where: C (X, Y, z) is the concentration of pollutant (g/ m3) at a receptor located at (x, y, z), X is
downwind distance from the source point (m), y is crosswind distance from the plume centreline
(m), z is height above ground level (m), Q is pollutant emission rate (g/s), U is mean wind speed at
release height (m/s), H, is the effective height of release of the point source (m), oy and oz are

horizontal and vertical standard deviations of the emission distribution (m).

Softwares Used in the CSIAPMAOR Model

The CSIAPMAOR program was designed using Visual Basic (version 6.0) as the basic
programming language and as a control tool for integrating the system with auxiliary models. These
auxiliary softwares are Ms Access, Ms Excel for storing output results, ArcMap (GIS) (version 8.1)
for Georeference of the base map, in addition for drawing TINs layers to show the spatial variation
in the contaminant levels over the area under study, Surfer (version 7.0) for drawing contour maps
of the sensitivity analysis.

Features and Capabilities of the Designed Model

e The model can be used to predict short-term concentrations (for periods of 24 hours or less)
for pollutants SO2, NO2, CO and Particulates resulted from a point source or from
multisources, instantaneously.

e The model offers three options for computing wind speed profile: rural, urban, and stability
(Smith equation) wind speed profile.

e The model offers flexibility to select either rural or urban dispersion parameters, depending
on the characteristics of the source location. Three options for rural dispersion coefficients:
PGT, Briggs, and Martin equation, and just one option for urban condition (Briggs
equation), are available.

e The model can estimate maximum hourly concentration, in addition to the location of the
receptor and the hour at which it happens.

e The model can perform contribution analysis for each point source to the overall maximum
concentration.

e The model has an option of drawing hourly concentration for continuous emitting from
multisources as 3D TINs layer or as a contour map to show the influence of the different
concentration levels extended over a base map of the area around these sources.
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The model has option for displaying hourly concentration emitting from each stack with

center-line downwind distance by a bar chart.

e The model can determine the required calibration factor between the model results and a set
of measured values.

e The model provides tabular printed outputs with many options

e The model has option to test sensitivity of the Gaussian model to the variation in its

parameters by four options for stability class, wind speed, stack properties (exit velocity,

exit temperature, physical height, emission rate) and rural versus urban area.

The model built here, has the following limitations:
e Estimate pollutants emitted from elevated point source.
e Valued for non-reactive pollutant only.
e The effect of momentum force in plume rise is neglected and only buoyancy force is
considered.
e Particulates are limited for spherical shape only.
e All pollutants are totally reflected.

APPLICATION OF THE DESIGNED MODEL: CASE STUDY AL-DOURA OIL
REFINERY

The model has been used first for a Cartesian receptor grid with 25 meters for a small area of
(1700m x 1700m) with origin point (0 E, 0 N) in the lower left corner of the area. The (UTM)
coordinates of this point are (446100.73 E, 3680688.62 N) as shown in Figure (1). This area covers
all stacks of AL-Doura Oil Refinery in addition to the two sites (receptors) where measured data are
available for the designed model validation; dense grid is used because these receptors are very
close to AL-Doura Oil Refinery. The model is then used for a Cartesian receptor grid with 100
meters for a large area of (14000m x 11000m) as shown in Figure (1) to cover all the area
surrounding the refinery in the eastern south direction. The origin point (0 E, 0 N) of this area with
corresponding UTM coordinates are (443382.21 E, 3672874.80 N). The second application of the
model to such an area is used to show the impact of the refinery on the large adjacent areas using
contour maps which clarify the maximum concentrations and the contribution of each stack on this
maximum concentration.

The model is applied using two cases, the first case with stability wind speed profile (Smith
equation) using three equations for calculating the dispersion coefficients of the rural area (PGT
equation, Briggs equation and Martin equation), the second case with rural wind speed profile using
the same equations for the dispersion coefficients to select which case will be suitable to represent
the case study.
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Fig (1) Boundaries of the Small and Large Area for Which the Model was Applied

== == == = Boundary of small area
= == == = Boundary of large area
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Comparison of the Model Results with the Measured Concentrations

The results obtained from the model application have been compared to the observations of
the hourly concentrations measured at sites 1, and 2 for periods from (15" to 21% August 1997 at
site 1) and (23" to 29" August 1997 at site 2) as measured by AL-Rubai (1998).

Index of Agreement (I0A)
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IOA is a measure of the degree to which the observed values have been accurately estimated by the
model. 10A is sensitive towards differences between observed and predicted values as well as to
certain changes in proportionality, and represent more consistent measure of the performance. I0A
= 0 indicates no agreement, IOA = 1 indicates perfect agreement [Willmott, 1981 as cited in
Awasthi et al., 2006 and Luhar et al., 2004].

Table (1) Index of Agreement (IOA) for Sites 1, and 2, Near AL — Doura Oil Refinery

spegd coefficients Site -

profile SO2 NO2 CcO Particulates

. Site 1 0.84 0.66 0.68 0.61

PGT equation :

Stability Site 2 0.88 0.75 0.74 0.56

profile Briggs Site 1 0.87 0.69 0.72 0.64

(S'Tth equation Site2 | 0.89 | 0.78 0.75 0.58

equation) |-~ Site1 | 084 | 066 | 0.68 0.61

equation Site 2 0.88 0.75 0.74 0.56

P-G-T Site 1 0.84 0.66 0.69 0.55

equation Site 2 0.88 0.76 0.76 0.57

Rural Briggs Site 1 0.86 0.69 0.73 0.63

profile equation Site 2 0.90 0.80 0.79 0.60

Martin Site 1 0.85 0.69 0.69 0.57

equation Site 2 0.88 0.76 0.77 0.57

Source Contribution Analysis

Contribution analysis represents the contribution of a particular source to the overall
concentration in a certain location (receptor point). Recognizing the source contribution information
is important to many short term modelling analyses. For the designed model, contribution of each
point source (stack) of the AL-Doura oil refinery to the overall maximum concentration for each
pollutant are found by applying the model for the large area (14000 m x 11000 m). The designed
model uses Briggs equation for dispersion coefficients in the rural area with rural wind speed
profile and meteorological data reported at (15™-21% August 1997) and (23"-29™ August 1997)
from AL-Rubai, 1998, with a receptor height 1.5 m. The model finds the maximum concentration
within the specified period by the user.

Table (2) Maximum Hourly Concentration of the Pollutants Emitted from Multisources of
AL-Doura Oil Refinery in August, 1997

Max. hourly Max. ho_urly Max. ho_urly comgﬁirg?i%rr:);or
day ]%ornscgrltzgt;(r)r?) conlﬁgltr(a;trl)?:)for conggt(r;’g%r)l for Particulate (ig/m")
with background con.
15 0.454 0.076 1.379 45.617
16 0.474 0.089 1.751 47.682
17 0.446 0.073 1.243 45.603
18 0.474 0.079 1.391 46.319
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19 0.489 0.088 1.842 47.944
20 0.473 0.076 1.589 46.312
21 0.449 0.082 1.495 46.129
23 0.482 0.083 1.586 47.479
24 0.404 0.071 1.397 44.058
25 0.433 0.073 1.375 45.084
26 0.462 0.077 1.365 46.540
27 0.474 0.085 1.556 46.953
28 0.459 0.086 1672 46.897
29 0.481 0.085 1.627 47.924

and wind speed vary from (2-4) m/s.

Table (2) indicates that the maximum hourly concentration of the most pollutants had
occurred in 19" August 1997. Maximum hourly concentration for SO2 has occurred at the hour
15:00 pm, and for NO2 has occurred at the hour 19:00 pm, and for CO has occurred at the hour
18:00 pm, and for Particulates has occurred at the hour 15:00 pm. These maximum values have
resulted for the following case: meteorological data, stability class (C), north-west wind direction,

Maximum So2 0.4333003
40
35
Maximum No2 o
o™ 30
&
Maximum Co =
._g 20
-
135
Maximurmn t
Particles 8 10
5 4
X coor. 4300 04
Ycoor. | @0 stack number
| Hour no. | 15

Figure (2) Contribution Analysis for SOz in the 19" August 1997 at
a Site with Coordinates (4300, 8500) from the Origin Point
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Figure (3) Contribution Analysis for NOz in the 19™ August 1997 at a
Site with Coordinates (4700, 8500) from the Origin Point
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Figure (4) Contribution Analysis for CO in the 19™ August 1997 at a Site
with Coordinates (4700, 8300) from the Origin Point
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Figure (5) Contribution Analysis for Particulates with Background Concentration

in the 19" August 1997 at a Site with Coordinates (4300, 8500) from the Origin Point
TINs layer of the hourly concentrations resulted from the multisources in 19" August 1997
illustrating resulted different concentrations levels extended through the eastern south area (mostly
agricultures) surrounding AL-Doura oil refinery.
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Figure (6) Contour Map for SO2 Concentration Levels, Resulting from Stacks of AL-Doura
Refinery in 19" August 1997 at 15:00 pm
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Figure (7) Contour Map for NO2 Concentration Levels, Resulting from Stacks of AL-Doura

Refinery in 19"August 1997at 19:00 pm
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Figure (8) Contour Map for CO Concentration Levels, Resulting from Stacks of AL-Doura Oil

Refinery in 19" August 1997 at 18:00 pm
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Figure (9) Contour Map for Particulates Concentration Levels with Background Concentration,
Resulting from Stacks of AL-Doura Refinery in 19/8/1997at 15:00 pm
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* SENSITIVITY ANALYSIS

A sensitivity analysis is the process of establishing the effect of changing the value of an input
variable on the model output [Carbon, 2004]. This analysis is performed using the designed model
in order to find the effect of different parameters on the dispersion of the pollutants.

The Base Case

The input data of the options of Sensitivity Analysis are selected depending on the results of
the contribution analysis. This analysis indicates that, stack number 6 of the AL-Doura oil refinery
is responsible for the largest contribution to the maximum hourly concentrations for SO2, NO2, CO
and Particulates. Meteorological data which cause the maximum hourly concentration for SO2
(higher concentration than allowable) at 19" August 1997 at hour 15:00 pm is selected for
sensitivity analysis.

Sensitivity Analysis for Stability Classes

The effect of atmospheric stability on the hourly concentrations with low wind speed is shown in
Figure (10).

Sensitivily Analysis For Stability Class

Figure (10) Sensitivity Analysis of SO2 with Stability Classes Variation

This figure indicate that, the worst weather case condition for dispersion of pollutants with
low wind speed is a winter day or an overcast night that is characterized by a slightly stable
atmosphere (class E) with distance far away from the source. The other critical weather condition is
sunny day (class A) with distance near from the source. Class E with wind speed equal to 0.89 m/s
is considered as a critical weather case and will be named such hereafter.

Sensitivity Analysis for Wind Speed

Different values of wind speed are selected to show the influence of the wind speed with
low turbulence in reducing the maximum concentration for critical weather (class E, 0.89 m/s)
which represents the base case.

4214




R. H. Al-Suhaili Integrated System for Air Pollution around Refineries
M. S. Al-Khafaji

Sentivity Anlysis For Wind Speed (m/s)
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Figure (11) Sensitivity Analysis of SO2 with Wind Speed Variation

The effects of wind speed work in two opposite directions are:

- Increasing wind speed will decrease plume rise, thus increases ground level concentrations; which
are observed near from the source.

- increasing wind speed will increase mixing, thus decreasing ground level concentration ,this case
is observed far away from the source.

Sensitivity Analysis for Stack Properties

The important parameters for the stacks represent (exit velocity (Vs), exit temperature (Ts),
physical height (Hs), and emission rate (Qs)) are selected. The sensitivity analysis is done by
varying one of these properties at each run in order to examine its influence of each one in reducing
the concentrations of pollutants. Three cases are selected for each parameter:

- Case 1 (influence of exit velocity on the hourly concentration)

Three cases are selected, Vs1=7.4 m/s which represents the base case (stack 6), Vs2=11.1 m/s (1.5
Vsl) and Vs3 =14.8 m/s (2 Vsl).

- Case 2 (influence of exit temperature on the hourly concentration)

Three cases are selected, Tsl =603 k which represents the base case (stack 6), Ts1= 904.5 k (1.5
Tsl) and Ts3 =1206 k (2 Tsl).

- Case 3 (influence of physical height on the hourly concentration)

Three cases are selected, Hs1 =30 m which represents the base case (stack 6), Hs2 = 45 m (1.5 Hsl)
and Hs3 =60 m (2 Hsl).

- Case 4 (influence of emission rate on the hourly concentration)

Three cases are selected for emission rate of the SO2, Qs1=198.01 g/s which represents the base
case (stack 6), Qs2= 132.007 g/s (Qs1/1.5) and Qs3 =99.005 g/s (Qs1/2).
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Figure (12) Sensitivity Analysis of 1.5 the Base Case for Vs1, Ts1, and Hs1 and 1/1.5 for Qsl
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Figure (13) Sensitivity Analysis of 2 the Base Case for Vs1, Ts1, and Hs1 and 1/2 for Qsl

These Figures indicate the followings:

- Near the point source, physical height and exit velocity have higher effect on reducing hourly
concentrations for the two cases of increasing these parameters by 50% and 100%.

- Far away from the source, reduction in the emission rate by a factor of 1.5 of the base case (Q/1.5)
has decreased the hourly concentrations. While, if an increase in the physical height to twice of its
value results in higher effect than the emission rate.

Sensitivity Analysis for Urban Area versus Rural Area

This analysis is done by taking the critical weather case (class E and wind speed is equal to
0.89 m/s) as a base case. Sensitivity analysis applies for two cases, case 1 (rural wind speed profile
and Briggs dispersion coefficient for rural area) and case 2 (urban wind speed profile and Briggs
dispersion coefficient for urban area).
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Sentivity Anlysis For Disperlion Coeflicient
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Figure (14) Sensitivity Analysis of SO2 with Rural Versus Urban

The urban area has a large effect in increasing pollution near from source; this may be due
to that, these types of area have more available sensible heat from solar surface heating and
combustion sources that destabilize the surface layer of air causing mixing of the plume gases to the
ground close to the source.

CONCLUSIONS

¢ Briggs equation for dispersion coefficients with rural wind speed profile has been found to be
most suitable prediction combination for the particular sites chosen for the study; this case has
yielded a large index of agreement (error- free predictions).

e The maximum hourly concentrations at the day time during period 15" -21% and 23" -29"
August 1997 for all pollutants indicate that: first maximum hourly concentrations for all
pollutants happen under meteorological conditions including slightly unstable (class C) with wind
speed varying from (2-10) m/s and with effects of stacks 6 and 2 of AL-Doura oil refinery. These
two stacks have maximum contribution on the overall maximum concentration for the pollutant in
addition to the effects of stacks 7 and 3.

e The most important observations that can be deduced from sensitivity analysis are:

= The effect of turbulence on the reduction of concentrations of pollutants indicated that the worst
case weather condition for dispersion of pollutants is characterized by a slightly stable atmosphere
(class E).

= The effect of point source properties with low wind speed and turbulence indicates that the
physical height and emission rate has higher effect to reduce maximum hourly concentration of
critical weather case (class E, 0.89 m/s) when increasing these parameters by 50% and 100% base
case (stack 6).
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ABSTRACT

This paper presents the results of an experimental study on the influence of the main
cutting parameters on burr formation and its types in drilling and slot-end milling
operations to machine low carbon and stain -less steels using HSS cutting tools and cutting
fluid. Particular attention was focused on the relation between the burr type and size and
cutting parameters. Therefore, a wide range of cutting speeds, feed rates, and dept of cuts
were investigated to explore the optimum cutting conditions. Burr heights were
measured and anal- lyzed at different machining conditions to determine the effect of the
cutting speed, feed rate, and depth of cut on burr formation. The data obtained for low
carbon steel were compared with those for stainless steel. Different diameters of HSS twist
drills were used to observe their effects on drilling burr formation. The quantitative
measurements of burrs height yield much useful information because relatively uniform
small and large burrs were formed under these conditions.

KEYWORDS
Burr Formation, Drilling and Slot-End Milling operations, Low Carbon and
Stainless steels
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INTRODUCTION

Burr can be produced with different machining processes like drilling and milling. It has
been defined as an undesirable projection of material beyond the edge of the workpiece due
to plastic deformation during machining. In machining, burrs cause several problems for
product quality and functionality as they interfere with the assembly of parts, jamming of
parts, misalignment, and short circuits in electrical components. It may also reduce the
fatigue life and cause safety hazards.

The drilling process produces burrs on entrance and exit surfaces of the workpiece.The
entrance burr forms on the entrance surface as material near the drill undergoes plastic
deformation. The exit burr is apart of the material extending off the exit surface of the
workpiece. Because the exit burr is larger than the entrance burr, this study has only
focused on the exit burr. A drilling burr has several different shapes depending on
parameters such as workpiece material property [1,2], drill geometry [2,3,4], exit surface
angle [5], and process conditions [1,6]. Milling burrs are likely to form along the edges
where the tool leaves the work part, namely exit burrs that must be removed by deburring
processes to allow the work part to meet specified tolerances. Exit burrs formation in
milling process are determined by several parameters including cutter geometry, work part
geometry, and material properties, cutting conditions [7], and selected tool feed direction

8.

During metal cutting, the existence of burr not only reduces the dimension and accuracy
of the workpiece., but also increases the manufacturing cost. Presently, the burr has been
the most troublesome obstruction to high productivity and automation of machining
process. Accordingly, for manufacturing advanced precise components, deburring
operations are required to remove the burrs. However, in the machining operations the cost
of deburring can reach 30% of the total machining cost. Therefore, much work has been
carried out aiming to reduce the cost and time consuming of deburring. Research is still
going on to improve and automate the deburring processes since fitting a deburring process
into FMS with high efficiency and full automation is a difficult problem [9]. Also,
understanding of burr formation and mechanism is essential in order to reduce deburring
cost by reducing burr formation. In contrast, a few studies have been performed to
determine the influence of cutting parameters to assist in the reduction of burrs and the
production of free burr components. Thus, to avoid or minimize the burr formation during
machining, it is necessary to understand and to have a deeper knowledge on the
relationship between the burr formation and the parameters involved in the important
machining operations like drilling and milling which are most widely used material
removal processes.

Much research has been focused on macro-scale burr formation in drilling and face
milling [7,10] but a few researchers have worked on burr formation in slot-end milling
processes. Many studies have been conducted on the machinability of carbon steels but few
of them concentrates on the problem of burr formation. This paper presents the results of an
experimental study on the influence of the main cutting parameters on burr formation and
its types in drilling and milling operations to machine low carbon and stainless steels using
HSS cutting tools and cutting fluid. Particular attention was focused on the relation
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between the burr type and size and cutting parameters. Therefore, a wide range of cutting
speeds, feed rates, and depth of cuts were investigated to explore the optimum cutting
conditions.

Burrs height were measured and analyzed at different machining conditions to
determine the effect of the cutting speed, feed rate, and depth of cut on burr formation. The
data obtained for low carbon steel were compared with those for stainless steel. Different
diameters of HSS twist drills were used to observe their effects on drilling burr formation.
The quantitative measurements of burrs height yield much useful information because
relatively uniform small and large burrs were formed under these conditions.

EXPERIMENTAL PROCEDURE

Nomenclature of burrs studied in drilling and end milling operations

This study concentrates on the formation of burrs in drilling and milling operations.
Regarding drilling operation, the entrance(minor) and exit (major) burrs positions are on
the entrance and exit surfaces, respectively, as shown in Fig,(1)[11]. The entrance burrs are
generally very small in sizes in comparison with exit burrs at different cutting conditions.
While end milling operations produced burrs as shown in Fig.(2): burr on the top edge
(burrl), exit burrs in the feed direction (burr3 and burr5) as classified and defined by
Gillespie [ 10 ], and identified experimentally by Olevera and Barrow [7]. The sizes of
Burr3 and burr5 were found too small to measure as compared to that size for Burrl.
However, this investigation focused only on exit burr in drilling operations and on Burrl in
milling operations because these burrs are larger in sizes and quantity than others and for
deburring purposes, they are considered the most important. Burr9 ( a rollover burr )does
not exit since it is normally formed by the side and end of the face milling cutter, as the
tool exits the workpiece over the edge. This burr is actually a series of similar burrs, where
each tooth produces a complete burr.

Work materials

The work materials investigated in this work are hot rolled low carbon steel (LCS), St37,
and cold rolled stainless steel (SS), AISI316 and both materials are in the annealed
condition. These materials were selected because they are widely used in industry for
production purposes by drilling and milling operations. They are supplied with the
chemical compositions and mechanical properties given in Table (1) and Table (2),
respectively. Rectangular blocks 200 mm in length, 140 mm in width, and 15 mm thickness
from these materials were used for studying the burr formation in drilling and milling
operations.

Cutting Tools

Firstly, drilling tests were carried out using different high-speed steel (HSS)
conventional twist drill diameters (5, 7, 9, 11, and 12.5 mm ) in drilling the LCS block at
constant medium spindle speed (500 rpm) and lower feed (0.03 mm/rev) to indicate the
influence of the drill diameter on the burr formation and its size.
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Secondly, other drilling tests were made using only a HSS twist drill of 12.5 mm in
diameter in order to obtain burrs with larger sizes for measuring purpose at different cutting
speeds and feeds.

Finally, slot-end milling tests were carried out using a HSS end mill of 10 mm in
diameter in milling LCS, and SS blocks for burr formation and measuring purposes. Each
test consisted of machining of a slot of 50 mm length for different cutting speeds, feeds,
and depth of cuts.

Machine Tools

All drilling tests were performed on a CNC drilling machine while end milling tests were
performed on a CNC vertical milling machine. A water-soluble coolant ( a soluble oil,
which is an oily emulsion freely miscible in water ), was used as the cutting fluid during
drilling and milling low carbon and stainless steels. This cutting fluid is commenly used as
a coolant for lubricating and cooling purposes by reducing the harmful effects of friction
and high temperatures during drilling and milling operations [12].

Cutting conditions

The cutting conditions considered in drilling and end milling tests were cutting speed,
feed rate, and depth of cut. The cutting parameters ranges used in this work are listed in
Table (3) and Table (4) for drilling and slot-end milling stainless steel and low carbon
steel, respectively. These parameters were selected according to the prast experience of
using high-speed steel (HSS) cutting tools and also to the general recommended working
ranges given for speeds, feeds, and depth of cuts used for these tools in drilling and milling
operations of low carbon and stainless steels[13]. During each test, only one parameter was
varied at a time the one under study its effect on burr formation and its size, while the other
parameters were kept unchanged.

Burr Measurements

There are several quantities for burr measurement: burr height, burr thickness, burr
volume, and hardness [12]. Burr height and thickness are the most frequently and easily
measured burr quantities. There are several methods [15] to measure burr height and
thickness, such as contact method, optical microscope method and optical coordinate
measurement machine (CMM) method. A surface profilometer, which is usually used for
measuring macro-scale surface finish is normally used to measure burr height. Recently,
the laser is also used to measure burr height.

For a given set of cutting conditions, the burr size obtained in drilling and end milling
tests was highly variable. Then, the average heights of the exit burrs produced in drilling
and milling were measured. A large number of measurements were made for each single
test in order to obtain reliable results. The burr height was used as a burr size indicator in
the present study to take easily a large number of measurements. The height was measured
with a dial gage indicator with accuracy of +/- 0.005 mm. The results reported were the
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average of 8 to 9 measurements for the height of the exit burrs formed at different positions
for each hole and slot in both drilling and slot-end milling tests.

RESULTS AND DISCUSSION

Burr formation and observation in drilling tests

The exit drilling burr has different shapes and sizes depending on the cutting conditions
used. From deburring cost point of view, it is important to consider both burr shape and
size. Figures (3) and (4) show burr shapes observed in drilling stainless and low carbon
steels, respectively. Three types of burrs formed in drilling both materials. These are
uniform burr with a drill cap, uniform burr without a drill cap (transient burr), and crown
(petal) burr. These types of burrs are uniform for both materials and they have a relatively
small and uniform burr height and thickness around the hole periphery. Furness [16]
previously proposed burr formation mechanisms for drill cap and crown burr types
matched with corresponding pictures from high-speed video during drilling low carbon
steel AISI 1018.

Uniform burr with a drill cap formation

The whole work of the current paper is focused on the formation of the drilling exit burrs
since the entrance burrs are generally very small in sizes and difficult to measure when
compared with exit burrs at different cutting conditions used for drilling low carbon and
stainless steels.

A uniform burr with a drill cap is formed in the final step of drilling and can either
remain attached to the workpiece [Fig.(3)] or be separated at drill exit [Fig.(4)]. The
formation of the drill cap at the final step depends on the material ductility and process
conditions. The most common burr type for ductile material is the uniform burr with a drill
cap. In most cases, with reasonable combination of cutting conditions, initial fracture
occurs at the outer cutting edge region, not near the drill center, creating a drill cap [1].

Kim et al [2] stated that the drill cap is first formed by plastic deformation of the work
material under the chisel edge depending on the drilling thrust force. With drill
advancement, the plastic deformation zone expands from the center to the edge of the drill.
Finally, the drill cap is created by initial fracture occurs at the end of the cutting edges. The
remaining material is then bent and pushed out ahead of the drill to form this type of burr.

Kim and Dornfeld [1] has proposed an analytical model for drilling burr formation
mechanism in ductile materials to predict the final burr size of the uniform burr with a drill
cap. However, this type of work is beyond the scope of this paper which only focuses on
the influencing cutting parameters (cutting speed, feed, and depth of cut) in drilling and
milling operations as well as effect of using different drill diameters.

Kim [6] in his preliminary experiment to investigate drilling burr formation on titanium
Ti-6Al-4V has also observed a uniform burr with a drill cap during all conditions used.
Typical burr shapes identified formed in most cutting conditions were rolled-back burr and
leaned-burr. The level of rolling back seemed to be proportional to feed rate and spindle
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speed. Crown burr that are formed in high feed rate in steel were never formed. Thermal
effect caused by the friction heat is believed to have influenced the types of burrs because
of low thermal conductivity of the material and no usage of coolant.

In drilling 304 stainless steel, Guo and Dornfeld [17], have proposed and divided burr
formation mechanism into four stages: initiation, development, pivoting point, and
deformation stages with cap formation.

Uniform burr without a drill cap (transient) burr formation

As shown in Fig.(3), this type of burr formed in the transient stage between uniform burr
with a drill cap to a crown burr type, by early fracture, near the end of the cutting edges
later than in uniform burr formation (when the material does not have moderate ductility,
plastic deformation is limited), creating a larger uniform section. With further drill
advancement, the strain at the chisel edge exceeds the fracture strain of the material.
Continuous cutting occurs up to the final stage of drilling, creating a uniform burr without a
drill cap [Fig.(4)].

Crown (petal) burr formation

The crown burr has a large and non uniform burr height. Generally, this type of burr in
both materials
has a large and irregular height distribution around the hole. A larger thrust force induces
plastic deformation earlier in the process. The thicker material layer beneath the drill
undergoes plastic deformation, and a larger maximum strain was induced at the center
region of the exit surface leading more likely to an initial fracture, at the chisel edge,
resulting in a crown burr. Also, because of inefficient cutting due to drill wear at the outer
cutting edges, there is a higher possibility of initial fracture to occur at the center region
and thus creating a crown burr.

Effect of drill diameter on drilling burr height

The first attempt was carried out to investigate the influence of using different
conventional HSS drill diameters on drilling burr size in terms of height only since burr
thickness was difficult to measure due to some technical problems. The reason for that is to
ensure evidently that burr can be formed during drilling operations and to select the proper
drill diameter that provides a reasonable size for suitably measuring purpose.

Figure (5) shows burr height variation with drill size in drilling low carbon steel at
cutting speed of 19.6 m/min and feed of 0.03 mm/rev. It is seen that increasing the drill
diameter does greatly affect the burr size. This burr size increase is believed due using
higher cutting speed and lower feed and thus causing more material deformation owing to
thermal effect in cutting moderate ductile material such as low carbon steel [see Table (1)].

Therefore it was decided to choose a 12.5 mm drill diameter to use in the whole drilling

tests of this paper. Also, the selection of this drill size is to form enough burr size and to be
easily measured in conducting the following drilling and milling tests for low carbon and
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stainless steels. However, Kim and Dornfeld [ 6 ] in their analytical model noted that
increasing the drill diameter has no great influence on burr size ( in terms of burr height
and thickness ) since they have used a smaller drill size (~ 4 mm in diameter) and lower
feed (0.08 mm/rev) in cutting stainless steel AISI 304L.

Regarding the burr shape during drilling tests for low carbon steel used in this work with
different drill diameters, a uniform burr with a drill cap was only observed and its size
increases with increasing the drill diameter at the higher speed ( 19.6 m/min ) and lower
feed rate of 0.03 mm/min.

Effect of cutting speed on drilling burr height

Drilling test were carried out for the stainless (SS) material over a cutting speed range
4.9-13.9 m/min and at a constant feed of 0.32 mm/rev using a HSS twist drill of 12.5 mm
in diameter and all results are then depicted in Fig.(6) which generally indicates that the
increase of exit burr (major burr) height with increasing cutting speed. It can be seen that
the corresponding burr heights over this speed range are higher and showed a sharp
increase in comparison with those obtained for low carbon steel. The lower speed range
was used for drilling stainless steel is to prevent the hardness effect of this material on the
twist drill and thus avoiding the tool wear during the drilling operations. The behavior of
burr height increase during cutting both materials, is attributed to the effect of cutting
temperature rise with increasing cutting speed. This will result in more deformation in the
workpiece near the exit surface and then more material extension, creating higher burr size.

It must be pointed that in drilling stainless steel, the steep increase in burr height with
cutting speed, is related to drilling burr formation mechanism that resulted in the possibility
of forming mainly two shapes of burr, namely: a uniform burr with a drill cap and a
uniform burr without a drill cap (transient burr), as shown in Fig.(3). A crown burr was not
seen during drilling this material at different cutting speeds. Burr shape is important
because the burr size, as a result, the deburring cost is greatly dependent on it. These shapes
of burrs are found similar to those observed previously [1,2] in drilling stainless steel AISI
304L at low and high cutting speeds. Kim [1] stated that when feed and the cutting speed
are low, the drilling burr tends to have a uniform shape along the hole periphery for most
materials. The material property of workpiece makes a big difference when the feed and
cutting speed increase. When the material has moderate ductility, the material tends to
elongate to some extent during burr formation, resulting in a large burr height and burr
volume. However, if the material is quite brittle, catastrophic fracture occurs as the feed
and speed increase, resulting in irregular burrs having several large chunks, lobes, or petals
as shown in drilling the aluminum alloy Al 6061 [1].

Thus, according to Fig.(6), in drilling stainless steel at lower cutting speeds and in this
case at higher feed (0.32 m/rev), uniform, small heights of burrs with separated drill cap
first produced due to the initial fracture occurred by plastic deformation at the end of the
cutting edges. These burrs have irregular shapes because some of the burr material left with
the drill cap by a later fracture took place near the workpiece surface because of the drill
cap bending when the drill exiting the surface. Also, another uniform burr with attached
drill cap formed at medium speed and high feed owing to plastic deformation at the end of

4225




S. A. ALRABII An Experimental Study Of Burr Formation
In Drilling And Slot-End Milling Operations

the drill edge. Eventually, a uniform, large, thick, and sharp burr produced at high feed and
cutting speed. So, the combined effect of both higher speed and higher feed (higher thrust
force) caused the increase of burr height steeply and this behavior is different from that for
drilling low carbon steel at various speeds since lower feed of 0.11 mm/rev ( lower thrust
force) was used, thus creating lower burr height.

It was proposed [14] that burr formation mechanisms for several burr shapes, matched
with corresponding pictures observed by a high-speed video while drilling low alloy steel,
AIS11018,. The uniform burr has a relatively small, uniform height and thickness around
the hole periphery. A drill cap may or may not be formed in the final step of drilling
depending on the material ductility, drill geometry, and process condition. The crown burr
has large and nonuniform burr height (with irregular height distribution around the hole).
Also, the transient burr is a type of burr that forms in the transient stage between the
uniform burr with a drill cap and the crown burr and it has a larger burr height than uniform
burr but with no cap. Kim [1] has explained the burr formation mechanisms of both
uniform burrs with and without a drill cap. As the drill approaches the work exit surface,
the material under the chisel edge begins to deform. The distance from the exit surface to
the point at which the deformation starts depends mainly on the thrust force during drilling.
As the drill advances, the plastic deformation zone expands from the center to the edge of
the drill. At the final step, the remaining material is bent and pushed out ahead of the drill
to form the uniform burr with a drill cap. If the material does not have moderate ductility,
plastic deformation is limited, and fracture occurs early at the center region of the drill.
Continuous cutting occurs up to the final stage of drilling, creating a uniform burr but with
no cap.

Other tests were also performed for drilling the low carbon steel (LCS) material over a
cutting speed range 3.5-27.9 m/min and at a constant feed of 0.11 mm/rev using a new HSS
twist drill with 12.5 mm in diameter and all data determined are illustrated in Fig.(6) which
also shows that the exit burr height increased with cutting speed increase. Burr heights are
seen to be lower in comparison to those found for stainless steel. Also, two types of burr
shapes as shown in Fig.(4) were mainly observed during cutting over this speed range. At
lower cutting speeds, a uniform burr with separated drill cap formed while a transient burr
(a uniform burr without a drill cap) produced at higher speeds. But, the uniform burr with a
drill cap as shown in Fig.(3) during cutting stainless steel, was not observed over this speed
range. The burr formation mechanisms of these shapes are the same as those described
earlier [1,2] in this section and they formed at different cutting speeds except that lower
feed (0.11 mm/rev) was used. And, the reason for lower burr sizes obtained in drilling low
carbon steel is more likely owing to the less ductility of this material when compared with
stainless steel material.

Effect of feed on drilling burr height

Regarding the feed influence on burr height in drilling tests of stainless steel (SS) over a
feed range of 0.08-0.22 mm/rev and at a chosen moderate cutting speed 9.8 m/min, the
results found are depicted in Fig.(7) which indicates clearly that burr height first increased
at a feed of 0.11 mm/rev, then decreased to a minimum value at a feed of 0.16 mm/rev, and
later increased sharply with increasing feed up to 0.22 mm/rev. The explanation for this
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variation in burr height is thought to be due to burr shape change since at a feed range of
0.08-0.11 mm/rev, the burr formed is seen to be large and has a uniform shape with no drill
cap (transient burr) as shown in and described by Kim [1]. While cutting at moderate feed
of 0.18 mm/rev, a uniform burr with separated drill cap produced and it is thin with a very
small height since the increase in feed as mentioned earlier [1,2], resulted in expanding the
plastic deformation zone from center to the tool edge and thus initial fracture occurs at the
end of the cutting edges, creating the drill cap that separated from the workpiece. In
addition to that, when the drill approached the workpiece exit surface, this fracture is most
probably occurred too near this surface and that is why less material left as a burr adhered
to the exit surface and around the hole periphery. In order to ensure that the behavior of
height to be very small at this cutting condition, the drilling test using same speed and 0.16
mm/rev, was repeated and a similar result was obtained (burr is very small and has a
uniform shape with separated drill cap).

By further increase in feed up to 0.22 mm/rev, burr height raised sharply because of the
formation of a large thin transient burr or uniform burr with no drill cap. This trend is
attributed to higher thrust force effect induced and thus more material being removed by
plastic deformation, causing a fracture in the center region of the drill and thus producing a
large burr height. Also, the burr formation mechanisms of these two types of burr shapes
are same as for those stated in the last section.

Other drilling tests were achieved for low carbon steel at a cutting speed of 19.6 m/min
and over a feed range 0.16-0.45 mm/rev using a new HSS drill with 12.5 mm in diameter.
Fig.(7) illustrates that burr height is lower at lower feed since the tool is fresh and new with
no wear on its cutting edges but then its height increased with feed increase. This trend is
believed that at a feed over 0.22 mm/rev, burr height increased owing to more plastic
deformation caused by higher thrust force. During the feed range of 0.16-0.22 mm/rev, a
small uniform burr with separated drill cap formed whereas a transient burr or a large
uniform burr without a drill cap produced during cutting over this feed range as shown in
Fig.(4). And, the reason for lower burr size obtained in drilling low carbon steel is more
likely due to the effect lower ductility of this material when compared with the stainless
steel material.

Concerning the work of this paper, the rolled-back and leaned-back burr types observed
by Kim [6], were not seen during drilling low carbon and stainless steels. This is more
likely due to the effect of application of coolant which has reduced the thermal effect
caused by the friction heat generation when there is no cutting but deformation as in the
final stage of burr formation. Also, the higher heat conductivity of steels than titanium
alloy enhances slow heat conductive dissipation to the workpiece. Therefore, the
temperature rise will be lower in the region near the inner wall of the burr. This will reduce
the material expansion and contribute to form a uniform burr with a drill cap instead of
rolling or leaning back burr type.

Burr formation and observation in slot-end milling tests

The typical slot-end milling process is depicted in Fig.(8)[18]. The surface along the
bottom of the slot will be scalloped. As the tool passes through the workpiece, each tooth
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creates a semi-circular scratch along the bottom of the slot. Thus, the bottom surface will
be scalloped. The length of each slot was 50 mm for each milling test.

All slot-end milling tests exhibited clearly formation of burrl on the top edge of the
workpiece surface. It was relatively small, uniform along the test length and their shape
looks like protrusion with variable height while, burr3 and burr5 produced when the tool
exits the workpiece (in the feed direction). However, burr3 and burr5 were not considered
in the present work because of their measuring limitations and since they were too small in
sizes when compared to burrl. Therefore, this study concentrated on burrl formation which
is considered the most important for deburring purposes since it is larger in size and
presents in large quantities. In each test, a new tool was used to avoid the effect of the tool
wear.

Gillespi [10] investigated the effect of cutting parameters on the size of burrs produced in
end milling and explained the formation mechanisms for these burrs. He concluded that
burrl (poisson burr) is the result of lateral deformation caused when the tool enters the
workpiece. The material tends to bulge at the sides when it is compressed until permanent
plastic deformation occurs. Burr3 and burr5 are rollover burrs formed, however their sizes
vary noticeably due to the variation of exit angle as the tool leaves the workpiece.

Wright et al [19] reported formation of three different burrs in slot-end milling : exit burr
(burr5), side burr (burr3), and top burr (burrl), which occur along (1) the edge between the
machined surface and the exit surface, (2) the edge between the transition surface and the
exit surface, and (3) the edge between the top surface and the transition surface.

Landers et al [20] stated that, in milling, three major burr types (poisson, rollover, and
tear) form due to workpicec plastic deformation. When the cutting tool edge extends over a
workpiece edge, material is compressed and may flow laterally forming a poisson burr.
Rollover burrs form when the cutting tool exits the workpicec and the chip tends over the
edge instead of being cut. If the chip is torn from the workpiece, instead of being sheared
off, some material from the chip will be left on the workpice. The material is known as a
tear burr. A combination of the poisson and tear burr can end up as a so-called top burr or
entrance burr along the edge of top workpiece when a tool cuts a slot or along the periphery
of a hole when a tool enters a workpiece [12]. In conventional cutting process, these top or
entrance type burrs are substantially smaller than exit burrs so that usually no deburring
process is necessary.

In the present work, the slot-end milling test produces the following burrl (top burr)
morphologies at the machined surface: (1) knife burr type or uniform (primary burr), (2)
wave-type (primary burr), and (3) secondary burrs as shown in Fig.(9). Knife edge burrs
are the largest burrs encountered in this type of milling. They are characterized by uniform
height and thickness that is small relative to their height, gives them a laminar appearance.
Wave-type burrs are believed to have the same formation mechanism as knife burrs, but are
slightly smaller and do not have uniform height [Fig.(9)]. Secondary burrs are generally not
periodic with respect to the feed marks on machined surface, and their size is often one
order of magnitude smaller than knife or wave-type burrs (primary burrs)[21].
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Hashimura and Dornfeld [22] noted, in face milling process, that uniform burrs are
formed due to cumulative leaning of the transition material that is pushed by the tool flank
during each successive pass. The cumulative burr (knife burr) formation mechanism under
tool exit condition was presented. The exit burr forms as plastically deformed transition
material is leaned down towards the machined surface as opposed to rollover of the chip.
The ability of the back-up material to carry the cutting forces controls the burr and chip
formation processes which are two separate processes. The cumulative deformation of the
transition material explains the uniform height of the knife burr, which is approximately
equal to the depth of cut.

Effect of cutting speed on slot-end milling burr height

In slot-end milling at cutting speed range of 5.1-12.2 m/min for low carbon steel (LCS)
and 3.8-9.3 m/min for stainless steel (SS) at constant feed rate and depth of cut, Fig.(10),
shows that burrl (top burr or poisson burr) is formed in all cases, small in size, and uniform
along each test length. The burrl height increased from 0.09 to 0.15 mm for low carbon
steel and from 0.08 to 0.10 mm for stainless steel with increasing speed. The burr
formation for both materials is more likely a result of lateral plastic deformation due to the
thermal effect that increased with increasing cutting speed. This indicates that more
generated heat is dissipated and transferred by conductivity to sides of the slot at low feed
rate of 14 mm/min, higher cutting speed and depth of cut of 2 mm. Also, the difference in
burrl size between these materials is owing to the difference in their mechanical properties
and structures. This means that stainless steel exhibited more resistance to the cutting
temperature influence than low carbon steel with speed increase.

Regarding burrl types, similar observations to those mentioned by Avila and Dornfeld
[21], are indicated in the present study. It is noted in that, at any cutting speed for each
material, burrl shape and type depend on its height. A knife edge burr (primary burr) type
that only formed at the top of the round edge of the slot, is sharp look like a straight
protrusion, thick, and large in size. Whereas a wave burr (primary burr) type that formed
along the top edge of both sides of the slot, is curled, thin, and small in size (see Fig. (9)).
In addition, secondary burr due feed marks at the bottom of the slot surface, is also seen
with very small size but this type together with burr3 and burr5 are out of focus of the this
work due to the practical difficult problems in measuring their sizes.

Effect of feed rate on slot-end milling burr height

Fig. (11) reveals that at lower feed rates, burrl sizes are high for both materials. These
burrs are only formed by lateral plastic deformation owing to the dominant thermal effect
at high cutting speed. At higher feed rate, burrl height remains unchanged for low carbon
steel (LCS) but for stainless steel (SS), it is steadily decreased from 0.13 to .0.05 mm. The
stability of burrl for low carbon steel at higher feed is attributed to more cutting
temperature rise at higher speeds and an accompanying increase in thrust force that pushing
high amount of material being removed at high feed and depth of cut. Whereas, for
stainless steel, the reduction of burrl is more possibly due to the higher resistance of this
material to shearing action than low carbon steel. Therefore, smaller chip is removed and
thus creating less burrl in size.
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So, the behavior of burrl for low carbon steel with varying feed rates is not similar to
that observed in Olevra and Barrow work [7] in face milling of medium carbon steel but for
stainless steel, it is found identical because they concluded that burrl height decreased as
the tool feed rate increased. This burr is formed by lateral deformation of the material when
the cutting tool edge enters the workpiece. They demonstrated this trend in terms of the
ploughing effect since at the beginning of the cut, the milling cutter starts with zero cut
thickness and therefore no actual shearing of the material occurs. Instead, the material is
plastically deformed and pushed underneath the tool. This plastic deformation facilitates
the formation of burrl. Thus, at low feed rate, the tool takes longer to start cutting properly
due to the small cut thickness and therefore the ploughing effect is increased. While, at
high feed rate, the proper cutting action starts earlier (the cut thickness rises more rapidly)
and as a consequence the ploughing effect is reduced, hence burrl is smaller at high feed
rate.

In addition, Gillespie [10] in his investigation the influence of machining variables on
the size of burrs in end milling,found that feed rate and tool sharpness are the most
significant variables affecting the size of burrs produced in this operation. Low feed rates
and dull tools resulting in higher and thicker burrs. He also concluded that burrl is the
result of lateral deformation caused by the tool enters the workpiece (poisson burr).

As mentioned in section 3.6, similar shapes of burrl ( knife edge and wave burrs that are
noted in previous work [19] at the top of the round edge and sides of the slot, respectively)
are also formed over the feed range used in this work for slot-end milling each material.

Effect of depth of cut on slot-end milling burr height

Regarding the influence of depth of cut on slot-end milling burrl height, slot-end milling
tests were also conducted for both materials over a depth of cut range 0.5-2.5 mm at a
constant cutting speed of 6.6 m/min and a cutting feed rate of 22 mm/min. Fig. (12)
illustrates that for low carbon steel (LCS) and stainless steels (SS), burrl heights are
slightly increased almost with increasing the cutting depth. However, at lower cutting
speed and feed rate, the depth of cut has little influence on burrl height because of the
temperature and thrust force effects on the plastic deformation of both materials.

These results are identical to ones reported previously by Olevra and Brrow [7] who
determined that an increase in the axial depth of cut led to an increase in burrl height. They
interpreted these results according to the observation of Gellespie [10] for the effect of
depth of cut on burrl ( poisson burr ), Burrl that forms by lateral deformation of the
workpiece material under pressure of the cutting edge, will only form when the cut
thickness is sufficiently large so that there is more resistance for the material ahead of the
cutting edge to flow in the chip direction ( parallel to the cutting edge ), i.e. burrl forms
because of the material being displaced by the cutting edge is restricted to the flow mainly
in the lateral direction. The foregoing helps to explain the trend shown in Fig. (12) for both
materials in this work. When the depth of cut increases, the total amount of material being
displaced by the cutting edge rises proportionally. Being restricted to flow mostly in a
direction parallel to the cutting edge, this will result in larger burrl size.
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Concerning the burrl shapes, it is found that knife edge and wave burrs, similar to those
stated previously [21], are formed at the top of the round edge and sides of the slot with
increasing cutting depth for both steels utilized in this experimental study.

Thus, drilling and end-slot milling operations conducted in this work revealed that the
burr formation can
cnot be avoided or eliminated but it can be minimized by applying certain cutting
conditions at lower and higher levels of cutting speeds, feed rates, and depth of cuts. This is
attributed to the additional infuences of cutting forces and temperature during its formation
causing material plastic deformation. However, the variations in burr heights obtained in
this work are strongly related to its type observed at each cutting conditions. Accordingly,
in order to eliminate burr formation during cutting, different strategies have been recently
applied [3-5] and focused on the effect of other cutting parameters such as: tool design and
angles, work part material property and geometry, tool path and feed direction. Also, much
attention has been paid for complete understanding of burr mechanisms [21,22], optimizing
and controlling [2,15], and modeling [17] burr formation.

CONCLUSIONS

The following conclusions were gained when conducting this experimental study on burr
formation in
drilling and slot-end milling operations:

e It found that a HSS twist drill with a larger diameter provides a higher exit burr height
and this is normally due to more material to be removed by plastic deformation owing
to higher thermal and cutting forces effects during the drilling operation.

e Drilling tests for low carbon and stainless steels revealed formation of two types of
exit burrs changing in shape (uniform burr with a drill cap and transient or uniform
burr without a drill cap). Crown or petal burr was not during cutting over different
levels of cutting speeds and feeds.

e In drilling tests, it was found that the exit burr height for both materials influenced
greatly by the cutting speeds and feeds because relatively uniform small and large
burrs with various shapes were formed.

e Inslot-end milling tests, burrl (top burr), burr3, and burr5 are formed during slot-end
milling tests for low carbon and stainless steels over cutting at various levels of
cutting speeds, feed rates, and depth of cuts.

e It is appeared that the shapes of burrl were same during cutting at different speeds,
feed rates, and depth of cuts and it consisted of: a knife burr type or uniform (primary
burr) with a largest size over the round edge of the slot, a wave burr type (primary
burr) with smaller and different heights over the whole top straight edges of the slot.
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e Slot-end milling tests exhibited that the height of burrl was generally found to be less
than 0.15 mm for low carbon steel and less than 0.10 mm for stainless steel.
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Table (1): Chemical compositions of the work materials (produced by the material
manufacturers in wt% for each element).

Work material
type %C %P %S %Mn | 9%Si %Cr %Ni %N
Low carbon
steel (ST37) Max Max Max Max Max ~ ~ Max
0.17 0.045 | 0.045 1.25 0.045 0.01
Stainless steel
(AISI316) Max Max Max Max Max | 18.00—| 8.00— | Max
0.08 0.045 | 0.030 2.00 0.75 20.00 | 12.00 0.10
Table (2): Mechanical properties of work materials.
Property Yield Tensile Elongation | Brinell (HB)
strength strength (% in 50 Hardness
(MPa) min | (02%proof) mm) min max
Material .
(MPa) min
Stainless Steel (AIS1316) 205 515 40 217
Low Carbon Steel (ST37) 210 380 25 108

Table (3): Cutting conditions used for drilling operation.

) Cutting speed Feed
Material )
(m/min) (mm/rev)
Stainless Steel (AIS1316) 4.9-13.9 0.08-0.32
Low carbon steel (ST37) 3.5-27.9 0.11-0.45
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Table (4): Cutting conditions used for slot-end milling operation.

) Cutting speed Feed Depth of cut
Material _
(m/min) (mm/rev) (mm)
Stainless Steel (AIS1316) 38-93 14-56 05-2.5
Low carbon steel (ST37) 51-12.2 14-90 05-2.5
__d__.-ﬂ—M tmEr bBuaEr
o e e g - == e -
o .__I._-'._.:.'... e el . = =
felaperr Burr

Figure 1 Minor (entrance) and major (exit) burrs
positions in a drilling operation [11].

Burr 1

Figure 2 Types of burrs formed in a milling operation
[10]
burrl : top burr, burr3 and burr5 : exit burr
burr9 : rollover burr
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Uniform burr with
a drill cap

Uniform burr with
separated drill cap

Uniform burr
without a drill cup
(transient burr)

Figure 3 Photograph of the drilling stainless steel plate after
machining.

Uniform burr with
separated drill cup

Uniform burr without
a drill cup (transient
burr)

Figure 4 Photograph of drilling low carbon steel plate after machining.
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Drill Diameter (mm)

Fig.(5) Effect of using different HSS twist drill diameters on burr height in drlling low
carbon steel at a cutting speed of 19.6 m/min and a feed rate of 0.03 mm/rev.
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Fig.(6) Effect of cutting speed on burr height in drilling low carbon steel (at a
cutting feed of 0.1 mm/rev ) and steels (at a cutting feed 0.32mm/rev) with 12.5
mm drill dia.
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1.2 !

0.8 -
0.6 1

0.4 -

Average burr height (mm)

02

0 0.05 0.1 0.15 02 0.28 03 0.35 0.4 0.45 0.5

Feed Rate (mm/rev)

Fig.(7) Effect of cutting feed on burr height in drilling low carbon steel (at a cutting

speed of 19.6 m/min ) and stainless steel ( at a cutting speed of 9.8 m/min ) with 12.5
mm drill diameter.

Figure 8 Photograph of milling stainless steel plate after machining.
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Knife edge burr

Secondary burr

Wave type burr
Figure 9 Photograph of milling low carbon steel plate after machining.
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Cutting Speed [m/min)

Figure 10 Effect of cutting speed on burr height in slot-end milling of low carbon
steel (at a feed rate of 22 mm/min) and stainless steel (at a feed rate of
14 mm/min) with 2 mm cutting depth.
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Figure 11 Effect of feed rate on burr height in slot-end milling of low carbon steel
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012 4
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0.06

Average burr height (mm)

(at a cutting speed of 12.2 m/min) and stainless steel (at a cutting speed
of 9.3 m/min) with 2 mm cutting depth.
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___ —
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Depth of cut (mm)

Figure 12 Effect of depth of cut on burr height in slot-end milling low carbon steel and

stainless steel at a cutting speed of 6.6 m/min and a feed rate of 22 mm/min.
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INVESTIGATION OF PARAMETERS AFFECTING
LOST FOAM CASTING

Prof. Dr. Qasim M. Doos lhsan K. A. Al-Naimi
University of Baghdad / Mechanical department

ABSTRACT

The lost-foam casting process using expanded polystyrene foam pattern allows more complex
and detailed passages to be cast directly into the part. The advantages of the lost-foam casting
process involve, forms complex internal and external shapes without cores, reduces part mass with
near net-shape capability, eliminates parting lines, and reduces machining operation and costs,
Complex shapes with various sizes castings were produced in this technique in the foundry of the
State Company for Electrical Industrials to evaluate the process. Successful complete castings were
made. Many experimental works were done to further complements about fluidity parameter
dealing with lost-foam casting process. Empirical linear and non-linear formulas were obtained
from those experimental works to find the minimum temperature for pouring molten metal.
Aluminum alloys were the material of choice for this work, due to the best combination of
mechanical properties and castability, but the performance requirements and manufacturability
issues will drive the choice of a specific aluminum that was aluminum-silicon alloy, which were
used in this work.

The macroscopic properties of the alloy depend strongly on the microstructure. Therefore,
photomicrographs of microstructures of various castings with different foam pattern densities were
done and made comparisons with common sand castings. Mechanical tests were conducted on the
castings which produced by the common sand casting and the lost-foam casting processes. These
tests include tensile, hardness, and impact. Because of using the expandable polystyrene as a pattern
that gave, more gasses in the cavity of the mold during casting, so the mechanical tests show some
differences between the two processes.
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KEY WARDS

Lost-Foam Casting, Expanded Polystyrene, Fluidity, Aluminum-Silicon Alloy,
Microstructure, Mechanical Tests.

INTRODUCTION

Casting processes are among the oldest methods of manufacturing date back to around 6000
B.C. (Groover 2002) when copper arrowheads and other tools were made. Shape casting involves
the production of more complex geometries and almost all materials can be cast in, or nearly in the
final shape. Varieties of shape-casting methods are available, thus making it one of the most
versatile of all manufacturing processes. The production of a desired shape by a sand casting
process first involves molding foundry sand around a suitable pattern which is made of wood or
other materials in such a way that the pattern can be with- drawn to leave a cavity of the required
shape in the sand. To facilitate this procedure the sand mold is split into two or more parts.

This procedure may cause some defects in the products such as fins, misalignment of mold parts
and cores in spite of mold distortion. Thus, the lost-foam casting (LFC) is a method of sand casting
to eliminate the above defects; moreover, it simplifies and expedites the mold making. The process
uses a mold of sand packed around a polystyrene foam pattern complete with necessary system, and
it may contain internal cores Fig. 1 (Higgins 1978).
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Fig. 1 Lost-foam casting process using EPS pattern (Higgins 1978).

Polystyrene is a polymer material with the formula: (Cg Hg) n

o
1
-C - C—
I
Z II—I
[l
oy

n

Where (n) is "between 1000 to 2000". Polystyrene is a material derived from benzene and
ethylene and, in its expanded form, contains only 2% of actual solid polystyrene, which extremely
low relative density. Table 1 indicates the properties of the polystyrene material. Various methods
for making the pattern can be used depending on the quantities of casting to be produced. For one
of kind castings, the foam is manually cut with a sharp knives and heated stainless-steel wire from
large strip. For large production runs, an automated molding operation can be set up to mold the
patterns (Groover 2002).

Complex internal features are produced by assembling and gluing multiple foam sections
together to form a single complex foam pattern, Fig. 2 The pattern is normally coated with a
refractory compound to provide a smoother surface on the pattern and to improve its high
temperature resistance (Genske 2004).

4243



Q. M. Doos Investigation of parameters affecting
I.LK. A. Al-Naimi Lost foam casting

Table 1 Polystyrene properties and other data.

Polymer Polystyrene (CsHs)n

Polymerization Method Addition

Modulus of Elasticity 3200 MPa

Elongation 1%

Glass Transition Temp. 100°C

Approximate Market share About 10%

s
SR

Four Foam Sections

i

Assembled Foam Pattern

Fig. 2 Assembling and gluing multiple foam sections together to form single complex foam
pattern (Genske 2004).
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FLUIDITY

Fluidity can be defined as the capability of the molten metal to flow into the cavities of the mold
and to fill all internal details of the mold before freezing in the casting process. Fluidity is a
commonly used term that combines fluid flow and heat flow characteristics (Serope 1989).
Fluidity is related to viscosity, but it is not a single property as viscosity or density but a complex
characteristics. So, empirical tests have been devised to measure the overall characteristics. Factors
affecting fluidity include pouring temperature, metal composition, viscosity of molten metal, casting
geometry, and heat transfer to the surroundings, moreover in LFC process another factors affects
fluidity such as foam material, glue lines and coating. The unit of fluidity is expressed as a distance
in the length unit such as (cm, mm). Fluidity is a function of producing successful complete castings.

EXPERIMENTAL WORK

Many experiments were done to measure the fluidity of aluminum-silicon alloys using the LFC
process. The tests of the fluidity measurement were done by forming standardized strip fluidity test.
They were done with different variables. Three commercial expanded polystyrene foam densities —
12, 15, and 20 kg/m3 were examined in these experiments along with four average thickness fingers
— 4, 6, 8, and 12 mm — and six pouring temperature. The final strip fluidity pattern and finished
casting are shown in Fig. 3

Ae,]-‘s i". -y

o

RS T

d4
7
N/

i
'

(b)

Fig. 3 Strip fluidity model (a) EPS pattern (b) finished casting.

It was designed as a general factorial with two replicates per condition. The factors and their
associated values are given in Table 2.
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Table 2 Factors and levels for Al-Si alloy fluidity test.

Factor Levels
Foam Density
12 15 20
(kg/m3)
Thickness Pattern
4 6 8 12

(mm)

Pouring temperature
(°C)

690 700 720 740 750 800

The results of the fluidity measurement castings, which were done in the foundry of the State
Company for Electrical Industries, were summarized in the Table 3.

Table 3 Experimental values of fluidity measurement tests.

) Thickness Channel Pattern (mm)
Pouring

Temperature p=12 kg/m?3 p=15 kg/m?3 p=20 kg/m3
°C

HoDDEOEaaEg

5 5] 513

The relationship between pouring temperature, thickness of channels, and the fluidity amount for
each relative foam density are shown in Figures 4, 5, 6 as a 3-D bar chart. Fig. 7 shows the effect
of foam density on the fluidity measurement.
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‘Dchannel thickness 4 mm B channel thickness 6 mm Ochannel thickness 8 mm Ochannel thickness 12 mm ‘

Fig. 5 Bar chart for fluidity measurement test using EPS (Density 15 kg/m?)
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Fig. 6 Bar chart for fluidity measurement test using EPS (Density 20 kg/m?)
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Fig. 7 Effects of foam density on fluidity measurement.
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EMPIRICAL EQUATIONS

It was suggested to construct an empirical equations from the data obtained of the fluidity test.
They demonstrate the relationship between the associated variables that affecting the LFC process,
which examined in this work. There are two group equations, one for linear relation, and the other
for non-linear relation. The pouring temperature is the depended variable that required to be
calculated for pre-design samples (minimum channel thickness and the related length). The
minimum pouring temperature is the desired parameter in the foundries to minimize the consumption
of the power required to melt the metal and oxidation of the molten metal.

Therefore, that, multiple linear regressions for some variables associated with fluidity parameter
of experimental test:

f(T,t,L,p)=0 eq. (1)
Where:

T: minimum pouring temperature (°C)

t: the smallest thickness in the sample section (mm)

L: the length of the smallest section (mm)
©: The foam density (Kg/m®)

T=f(t L p) ed. (2)

Linear relation with the effect of foam density

The last equation (2) modified for linear relationship between the related variables. Therefore:
T=za+tagt+aL+azp eq. (3)
Alternatively, as a matrix form:

T =a +7a; Xi eq. (4)

Where, “i” is the repeated of the experimental tests.
The best values of (a0, aj, a,, as) are determined by setting up the sum of squares of residual error

(Sh).

Sr= S (Ti-ap-aiti-ax Li-aszpi)2=min. eq. (5)
OS] dap=-25 (Ti-ap-arti-ax Li-a3 pi)=0 eg. (6)
OSrl da;=-2y ((Ti-ap-arti-a2 Li-azpi)x ty)=0 eq. (7)
OS] 0a=-2% ((Ti-a-arti-a2 Li-azpi)x Li)=0 eq. (8)
OS] daz=-23 ((Ti-a-arti-a2Li-azpi)x pi)=0 eqg. (9)
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Alternatively:

Nag+tyarti+yali+Yazpi=3Ti

Sapttyati+y a2 Liti+Yazpiti=y Titi

Sapli +yatili+y al%+ 3y azpili=y T Li

Sap pitrati pityal pi+tYasphi=yTi pi

In matrix form:

[Ala=b
Where
n St
[A] = S S 2
S'Li >t Liti
el zpit
do
a= a1
az
as

And n is the number of repeated tests.

To solve the matrix to find (a's) values ......

[A] “[Ala=[A] b

Therefore:

a=[A]"'b

S'Li

> ti Li
s L2

Y pilLi

lox
1]
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eq. (11)
eq. (12)
eq. (13)
eq. (14)
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stiopi
> Lipi
NP
e N
S Ti
S Titi
S TiLi
Y Tipi
. _/
eq. (15)
eg. (16)
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From Table 3, substitute the data in the matrix;
The matrix [A] and b will be:

72 540 5409 1128 52800

540 4680 44680 8460 396000
[A] = 5409 44680 522247 83470 , b= 4053330

1128 8460 83470 18456 827200

By using eq. (16) the constant will be:

ap=682,a1=-6.51,a2=1.0,a; = 1.62
Substitute (a's) values in eq. (3) therefore the linear relationship of the related variables will be;
T=682-651t+F +1.62 p eq. (17)

Linear relation without the effect of foam density

In this case the foam density will be fixed, therefore the eq. (3) modified to:
Tza+at+al ed. (18)

Moreover, this equation will be repeated for three-foam density.
1. while the foam density is (12 Kg/m®), by the same procedure the matrix [A] and b will be;

24 180 1965 17600
[A]= |180 1560 16152 , b= | 132000
1965 16152 198481 1469750
ap =701 a; =-6.9 =10

Therefore eq. (18) will be;

T=701-69t+F eq. (19)
2. The foam density equal to (15 Kg/m®) and (20 Kg/m®); by the same procedure respectively
eq. (18) will be;
T=709 -6.7t+F eq. (20)
T=712-6t+F eq. (21)
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Non-linear relation with the effect of foam density

It was suggested the relation between the variables associated with LFC process as shown
below;

T=agpt+aFP+a,FP+azF+ayt?+ast+as p eq. (22)

By the same procedure, the dimension of the matrix is (7x 7).
/_ 7 5

72 59x107 52x10° 5409 4680 540 1128
59%x10° 1.2x10** 95x10' 7.3x10° 53x10° 53x10%° 9x10°
52x10° 95x10" 7.3x10° 59x10" 4.4x10° 45x10° 8x10°
5409 7.3x10° 59x10" 5.2x10° 4.2x10° 44680 83470
[A]=| 4680 53x10° 4.4x10° 4.2x10° 4.7x10° 45360 73320
540 5.3x10%  45x10° 44680 45360 4680 8460
1128 9% 108 8x10° 83470 73320 8460 18456
N __,,//

TN
52800
4.5% 10?
4x108
4x10°
3.4x10°
396000

827200
" _/

[=)

[og
I

It was used Gauss-Seidle Method to solve the matrix for finding a’s.
Therefore the constant a’s are:

ap=776, a;=1.2x 10* a,=-0.002, az=-0.25, a,=1.87as=-85.6, ag=25.3
The empirical equation for this case is:

T=776+1.2x10"7-0.002 F°-0.25F +1.87t*—85.6 t+ 25.3 p eq. (23)

CHEMICAL COMPOSITION

Many samples were taken from the castings that produced with LFC process to analyze the
chemical composition. These samples were cut from the castings that were produced at the foundry
of the State Company for Electrical Industries during the fluidity measurement tests. The chemical
composition analysis was done in the Central Quality Control Office at Nasser State Company for
Mechanical Industries. The average results of tests are shown in Table 4.
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Table 4 Chemical composition of the alloy is used in this work.

Chemical Composition of the Alloy in w; %
Si  Fe |Cu Mn Mg | Zn | Ti Ni Sn Al |Others

Elements g5 1.20 | 1.59 | 0.12 | 066 | .737| 026 07 | .01 8748 002

MECHANICAL PROPERTIES TESTS
Tensile tests

The tension specimens cast with pouring temperature (720°C) to size in sand casting without
chills, the dimensions of specimens used in this test prepared according to the ASTM B 26/B 26M —
88. There were four groups of samples used in this test, one of them cast in common sand casting,
and the others in LFC process the difference between them were in the foam density. Each group
had two sets the difference between them was in thickness only; these thicknesses were (4.1, 2.2
mm), although of the same material and process there are variation in the results between two
thicknesses for each group because of the residual stresses due to the machining of cutting the
samples. The velocity test was (0.5 mm/min.).

From this test, ultimate tensile stress, yield stress (proof stress), and elongation were obtained.
The results are shown in the Table 5.

Table 5 Mechanical properties obtained from tensile tests.

UTS (MPa) Y.P (MPa) Elongation %

process | Thickness (mm) | Thickness (mm) | Thickness (mm)

Common

Casting

STM
(328 alloy)
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Hardness tests

Hardness is being a macroscopic property and a measure of the resistance to indentation. This
test was done by using (Vickers Hardness).
The magnitude of the load was exerted to the specimen (0.5 kg); the results were calculated by this
equation: VHN =1.854 P/ L?
Where; P= applied load, L =the average diagonals of the diamond indentation.
Two reading in each specimen were taken one (20x20 mm) and the second (10x10 mm) apart
from the edge. The comparison results are recorded in Table 6

Table 6 Hardness tests

. Common Sand | LFC Process LFC Process LFC Process ASTM
rocess
Casting with 12kg/m3 | with 15kg/m3 | with 20kg/m?3 (328 alloy)
HV M 74 63 53 51
60
No. | E 75 64 54 52
HB | M 67 58 49 48
55
No. | E 68 59 50 48

Where (HB) is equivalent to Brinell number, (10mm) ball and 500 kg load.
(M) 20x 20 mm apart from the edge, and (E) 10x 10 mm apart from the edge of specimen.

Impact tests

The Charpy V-notch test (simply supported beam test) was used to measure the impact strength
test. The samples were prepared as the standardization of (ASTM-E 23). The results of the test are
shown in Table 7.

Table 7 Charpy impact test

process Energy (kg.m)
Common Sand Casting 4.2
LFC Process with 12kg/m? Foam density 3.7
LFC Process with 15kg/m3 Foam density 3.6
LFC Process with 20kg/m3 Foam density 3.5
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MICROSTRUCTURES

The structure of a casting is in the first instance a function of alloy composition and casting
geometry. It is also sensitive to measure of variation in cooling rate within the mold. This test had
done using available equipments in Production and Metallurgy Engineering Department at the
University of Technology. The samples were cut from the strip. The strip dimension is (2, 5, 20 cm)
that cast with three different foam density as a pattern in LFC process and one another cast by
common sand casting. The samples had prepared by grinded, polished, and etched with (HF) 2%
and (H20) 98% before the photomicrographs were taken. The photomicrographs of microstructure
are shown in Fiq. 8

Fig. 8 Photomicrographs showing the microstructures of Al-Si alloy
(@), (b) common sand casting. (c), (d), (e), (f) LFC process x500
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In figures (8-a, and 8- b) are showing the specimen for common sand casting. It shows regular
structure of Al-Si alloy.

In figure (8-a) shows clear observation of the segregation of the eutectic silicon in the portion
near the edge due to the high cooling rate.

Figures (8- ¢, d, e, f) show the microstructures of the castings that produced by LFC process.
The darker area of the micrograph of these figures contains more silicon particles, indicating the
high silicon content.

Figures (8 — ¢ and d) show the microstructures of the casting used LFC process with foam
density of (12 kg/m3); the figure (8- c) is for the edge portion and figure (8- d) of the middle
portion specimen of LFC process. These two figures show less segregation and less microporosity
as was expected than figures (8- e and f) which were used foam densities (15, 20 kg/m3)
respectively because of more Pyrolysis products.

CONCLUSIONS

Based on the experimental investigation of the mechanism of the LFC process, the following
conclusions can be drawn from this work:

e Fluidity is affected by foam density, increasing foam density decreasing fluidity because of
the combined result of molten metal front energy loss and an increase in backpressure from
decomposition products.

e Empirical formulas were obtained to calculate minimum pouring temperature for a specific
thickness section and its length with using specified pattern foam density. The first formula
based on linearity relation between variables and the second as a power relation. The first
formula gives good results while checking some data obtained from this experimental
works.

T=682-6.51t+F+1.62p
T=776+1.2x10" F*- 0.002 F*- 0.25F +1.87t*— 856t+253p

e In this work, examination was done on the feasibility of using Al-Si alloys in the LFC
process, and the experimental tests indicated that this alloys have similar castability with
traditional sand casting.

e The microstructures of the final castings were examined, and the photomicrographs show
little different between the castings produced by the traditional sand casting and LFC
process.

e The grain size particles of microstructures are fluctuated between large and small size
related with the location of it, if it is near the edge or in the middle of the casting. Fine grain
sizes locate near the mold wall due to the high cooling rate.

e The mechanical properties tests were done on the castings produced with LFC process and
that with the common sand casting. The tests gave good results and agreements with
standardization of the nearest alloy. The effect of the foam density is relatively little in some
cases on the mechanical properties, increasing foam density decreasing the mechanical
properties. The percentage differences between the two processes range from (4% to 31%).
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SYMBOLS

EPS: Expanded Polystyrene
HB:  Brinell number

L: The length of the smallest section (mm)
LFC: Lost-Foam Casting

T: Minimum pouring temperature (°C)

t: The smallest thickness in the sample(mm)

UTS: Ultimate Tensile Stress
VHN: Vickers Hardness number
Y.P: Yield Point

p:  The foam density (Kg/m®)
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ABSTRACT

The importance of the beam in the service of our life and how the damaged beam costly influence the
economy and even endanger the human life itself, draws our attention to study the specific methods to
detect crack and damage by using free vibration analysis of mechanical beam structures. In the present
research, three kinds of beam structures have been investigated namely (simply supported beam, portal
frame and crane frame) by using finite element method. Six cases of damage are modeled for simply
supported beam and portal frame and with seven cases for crane frame. The damage is simulated by
reducing the stiffness of assumed elements with ratios (25% and 50 %) in mid- span of the simply
supported beamand by introducing cracked elements at different locations with ratio of depth of crack to
the height of the beam (a/h) 0.1, 0.25 for simply supported beam and 0.1 and 0.2 for portal and crane
frames. A program coded in Matlab 6.5 was used to model the numerical simulation of the damage
scenarios. The results showed a decreasing in the five natural frequencies with shifting in the damaged
mode shape associated with their frequencies from undamaged beam which means the indication of
presence of the damage. The direct comparison gives an indication of the damage but the location of the
damage, is not detected. Four structural damage identification methods based on changes in the dynamics
characteristics of the beam structures are examined and evaluated for damage scenarios for the three
structures considered. The results of the analysis indicate that the curvature energy damage index method
performs well in detecting, locating and quantifying damage in single and multiple damage scenarios for
the three structures.
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INTRODUCTION

The ability to monitor a structure and detect damage at the earliest possible stage is of
outmost importance in mechanical, civil and aerospace engineering communities. Structural damage is
considered as a weakening of the structure that negatively affects its performance. Damage may be also
defined as any deviation in the structural original geometric or material properties that may cause
undesirable stresses, displacements, or vibrations on the structure. These weakenings and deviation
may be due to cracks, loose bolts, broken welds, corrosion, fatigue, etc. (Ren, 2002). Many structural
components are now decaying because of age, deterioration, and lack of maintenance or repair.

Current nondestructive damage detection (NDD) technique are either visual or are based on
experimental methods. Visual inspection has always been the most common method used in detecting
damage in a structure, but the size and degree of complexity of today’s structures being built provide
less scope for visual inspections. The experimental methods such as acoustic or ultrasonic techniques,
magnetic field procedure, radiography, eddy current, etc. All of these experimental methods require
that the damaged region be identified a priori, and that the segment of the structure being examined
must be easily accessible, subjected to these limitations, these methods can detect on or near the
surface of the structure. The methods are obviously “local” inspection approac hes (Dewen, 2004).

One way to overcome the previously mentioned limitations is by using global damage
detection methods. Structural damage identification based on changes in dynamic characteristics
provides a global way to evaluate the structural condition. These methods are based on the idea that
modal parameters (i.e., natural frequencies, mode shapes and modal damping ratio) are a function of
the physical properties of the structure stiffness, damping, mass and boundary conditions (Herrera,
2005). Therefore, changes in the physical properties will cause detectable changes for the changes in
the modal parameters.

MODELING THE STIFFNESS MATRIX OF THE CRACKED ELEMENT

It is assumed that the damage in the beam structure will affect only the stiffness matrix and not
to the mass matrix. This assumption is consistent with those used by (Yuen 1985, Qian 1990 and Kisa
2000).

The beam is divided into elements and the behavior of the elements located to the right of the
cracked element regarded as external forces applied to the cracked element, while the behavior of
elements situated to its left as constraints, see Fig.1. Thus the flexibility matrix of a cracked element
with constraints can be calculated. The strain energy of undamaged element in case of bending
(Singor, 1951), is:
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L 2
W(O):IMl dx (1)
) 2El
As shown in Fig. 1,
M, = (px + M) )
Substitute Eq. (2) in (1) to get
L 2
W(O):J‘(px—i_M) dx (3)
o 2El
213
wo =1 P vz oML ()
2ElI| 3
Where:
W @ : The strain energy of undamaged element.
E: Elastic modulus.

I Momentof inertia of undamaged element.
L: Lengthof the finite element.

p: Internal shear force at the right end of beam.
M :

Internal bending moment at the right end of beam.
And by using the relation below, (Thomson 1988).

{uj=[cl{P} 5)

[c] .{u}, {P}  are the influence coefficient flexibility matrix, displacement and force vectors,

respectively.
The component of flexibility matrix [C] can be written as, (Thomson 1988).

_ oy,

C, = —— 6
=% ©)

And the displacement u, computed by using Castigliano's theorem (Singor, 1951). As

(0)
u = oW Apl (7)

Substitute Eg. (7) into (6), the flexibility coefficient of undamaged element evaluated as

w_ OW® ®)
T opiop;

where:

P.=p 1p2:M I, j=12

And using Eqg. (4) in Eq. (8) gives:
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27/ (0) 20/ (0) 2 213
CM:@W _oW™ _1 62 M2L+MpL2+&
op,op, opop  2El op 3
L3

C.=—"

" 3El
The flexibility matrix of the uncracked element can be expressed as

L° L?
col-5 3 2 ©
L
2

From the equilibrium conditions shown in Fig (2), the following relationships hold:
Z Fy=0 (10)
P+P,=0 or B=-R, (11)
d>M,=0 (12)
My +P,L+M; =0 (13)
M;=-PF.,L-M;, (14)

FromEqg. (11) and (14) we get in matrix form

I

P, -1 0

Ml | L -1 I:)i+1

I:)|+l - 1 0 IvliJrl

M, 0 1
{Pl Mi I:)i+1 M i+l }T = [T] {Pi+1 M i+l }T (15)
Where
E (16)

10 -1 01

The element stiffness matrix in base system is obtained by the inversion of the flexibility matrix as
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[K]=[c]* (17)

The stiffness matrix of undamaged element can be written as

[K.J=[T] co'mr (18)
i ei ui+l 0i+l
12 6L 12 6L ] u,
El 4L 6L 2L | 6,
[Ku] =73
L 12 -6L | u, (19)
sym A% | 0,

The stiffness matrix of undamaged element [Ku] is the same that developed by (Merovitch 1975),

for undamaged beam element with rectangular cross-section given by Bernoulli-Eular theory have two nodes
with two degree of freedoms (2 d. o.f.s), {u, 0 } at each node, as seen in Fig. 2, the mass matrix for an
element without crack is

156 22L 54 -13L

M. ]= mL 42 13L -3l (20)
" 420 156  —22L
sym 41°

Where m is the mass per unit length.

According to the principle of Saint-Venant, the stress field is affected only in the region adjacent
to crack. However, the calculation of the additional stress energy ofa crack has been studied in fracture
mechanics and the flexibility coefficient expressed by a stress intensity factor can be derived by
applying the Castigliano's theorem in linear-elastic range.

From the condition of equilibrium, the stiffness matrix of the cracked element in the free-free
state can be derived. For a rectangular beam having width b and height h the additional strain energy

W @ due to the crack, (Dewen 2004) can be written as

Ac @) Ac
wo = [P ga- [1da 1)
oA 0

0
Where Ac is the area of the crack surface. The idea of relating J , strain energy release rate to the

stress intensity factor K was proposed by (Hellan 1984) for the three modes, who gave the general
formula of J as a function of stress intensity factor K as:
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B .. B, l+v _, 1 for plane stress
J==Ki+= Ky + K B = 2 .
E E E 1-v for plane strain (22)
Where K, ,K, ,K is the stresses intensity factors for fracture mode of 1,11 , Il which are
| 1 1 y

opening, sliding and tearing types respectively, and v is the Poisson's ratio. The stress intensity factor
K, from (Hellan 1984) is:

K, =0,\/7a F(a/h) (23)
Where o, is the stress for the corresponding fracture mode, a is the depth of the crack, F(a/h) is

the correction factor for the finite specimen.
Substituting Eq. (22) into Eq. (21) gives the additional strain energy due to the crack W @

(<F 4K | @K
E E

p

w® = bj( da where dA=Dbxda (24)
0

E, =E Forplanestress, E, = E/(1-v®) forplane strainand b is the width of the beam.

The case of plane stress or plane strain, it depends on the dimensions of the beam, and this study take
into account the plane stress since the beam is thin (slender) when the length is more than (10) times its
least lateral dimensions (Singor 1951).

Taking into account only bending including the opening (1) and sliding (11) modes, the Eq. (24)
becomes;

W @ =b_?'{ (K +Ke P +K2 [7EL da @5
o

Where K,,,Kp,K,, are stress intensity factors for opening-type and sliding mode cracks due
to M and P, respectively and by using Eqg. (23)

K,, =(6M/bh?)Jra F, (s) where a:Ml:ﬂQii (26)
| bh®/12

K,» =(3PL/bh?) Jza F(s) where a:My:PLf /2 (27)
| bh® /12

K =(P/bh)Jza F,(s)  where a=%=£% (28)
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Where F,(s) and F, (s) are the correction factors for crack mode | and mode Il , (s=a/h) is

defined as the ratio between the crack depth a and the height of the elementh, the correction factor
from (Kisa 2000) as

0.923+0.199[1—sin(z s/ 2)]*

F.(s)=+(2/ zs)tan(zs/2 29
1(3) =+/(2/ zs)tan(x s/ 2) cos(r 5/2) (29)
_ 2 3
F, (s):(35—252)1'122 0.5615;0.0855 +0.18s (30)
-S

And the additional flexibility coefficients due to the presence of the crack Cigl) are
A ()

Cigl) =% (31)
oP,0P,

R=P, PB,=M, i,j=12

Substituting Eq. (33) into Eqg. (39) and integrate over the crack height, we get the coefficients Ciﬁl’
which can be expressed in matrix form as

212 2 2
E, | 185(L 36,3
Where B, =F,(s)/bh?> and g, =F,(s)/bh
The total flexibility coefficients C; for the element with an open crack are
—CcO L co
C; _Cijo +Cijl (33)

The total flexibility matrix [C] for the element with an open crack can be expressed as
[c]=[c®]+[c®] (34)

The stiffness matrix of the cracked element [K_ ] can be written as

K J=[T]le]* [r] (35)

With program coded in Maple 7, the coefficients of the stiffness matrix [K_] are
calculated as :
k11 k12 k13 kl4

2

k,, Kk
Ky Kq
k,, Kk

N

2

k
K
k

w

24

“ 36
) (36)
k

N
w
N

42 43 44
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EIE
ky, =12— P
L°E, +12bza“El S,
E,EIL
k12 =6 3 - 2 2
L"E, +12bzra“El g,
EIE
k13:_12 3 PZ 2:_k11
L"E, +12bza“El g,
E,EIL
kl4 =6 3 - 2 2
L"E, +12bza“El g,
k21 = k12

:4(|_3 E.+27bza’El g°L? +3bra’El B,°)EI E,
#  (LE,+36br B a’EIN)(L°E, +12bra’El B,)
E.EIL
L*E, +12bza’E|l g,°
) (L°E, +54bza’El 1> -6bzra’El B,°)EI E,
(LE, +36bz B °a’E1)(L°E, +12bra’El s,%)

K3 =6

24

k31 = k13:_k12
32 =k23
EIE
Ky = ki =12 . Pz 5
L E; +12bra“El B,
E-EIL
k34 =797 2 2 :_k14
L E; +12bra“EIl B,
k41:k14
k42 :k24
k43 = k34:_k14

_4(L3 E, +27bra’El B°L* +3bzra’El B,°)EIE,

(LE, +36bz Ba’E1)(L°E, +12bra’El B,°)

44 22

Therefore:
k11 k12 - k11 k14

[Kc ] _ k12 kzz - k12 k24 (37)
- k11 - klZ k11 - k14

- k14 k24 - k14 k22
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Fig.1: Diagram of a generic element Fig. 2: Equilibrium condition of a generic element

FREE VIBRATION ANALYSIS AND DAMAGE DETECTION METHODS

EIGENVALUES AND EIGENVECTORS
For free vibration with undamped system, the equation of motion expressed by matrix form is

M1{x|+[] -0 &

Where:
K : Stiffness matrix of the system.
M : Mass matrix of the system.
{x} : Mode shape vector.

M X+KX =0 (39)
By using Eigen Value Problem algorithm EVP , the natural frequencies and mode shapes are obtained.

DAMAGE EFFECT ON MODAL PARAMETERS

Three structures of beam (simply supported and two plane frames: portal and crane frames) had been
used to study the damage effect on modal parameters (frequencies and mode shapes).

- Simply Supported Beam

The free vibration of a simply supported beam with and without damage is performed. Modal
responses of the beam are generated using finite element models before and after damaging episode
cases. The dimensions and material properties of the simply supported steel beam are listed in Table 1
and Fig .3 illustrates the model of the simply supported beam.

For Finite Element Analysis purposes, the beam is divided into 40 elements. Here, six damage
scenarios are investigated, as summarized in Table 2. In the first two cases (1, 2), the damage is
simulated by reducing the stiffness of assumed elements. In cases (3 to 6), damage is simulated in the
form of cracks. The finite element model of the beam uses the stiffness matrix of the cracked element
described Eq. (37).
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Table 1: Dimensions and material properties for beam
JITTTTTTTTTTITITT) Length of the beam L=254 cm.
[ " Height of the cross section h=10.16 cm.
f Mass density p=7808 kg/m?®
: Wi dth of the cross section b=5.08 cm.
] ] Elastic modulus E =199.95 GPa.
Fig.3: Simply supported beam
Table 2: Damage scenario for simply supported beam
Damage Damaged Stiffness Crack depth ratio
scenario Position Reduction (%) a/h
D1 21~ (0.5L) 25
D2 21~ (0.5L) 50
C1 21~ (0.5L) 0.1
C2 21~ (0.5L) 0.25
C3 9~ (0.2L), 21~ (0.5L) 0.1
C4 9~ (0.2 L), 21~ (0.5L) 0.25
- Portal Frame

The free vibration analysis of a portal frame with and without damage was performed. The modal
quantities of the portal frame were numerically generated using finite element without and with
damage episodes. The dimensions of the portal frame are listed in Table 3; Fig 4 illustrates the model
of the frame. For modal analysis purpose, the beam and the columns were divided into 40 elements. As
in the case of the simply supported beam, the dynamic characteristic (frequencies and mode shapes)

before and after the damage were calculated for each damage scenario in Table 4.

Table 3: Dimensions and material properties for portal frame

Length of the beam in the frame L=243.84 cm
Column height Hc = 243.84 cm
Cross section width b=5.08 cm
Cross section Height h=127 cm
Mass density p=7808 kg / m’
Elastic modulus E =199.95 GPa
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Table 4: Damage scenarios for portal frame.

Damage scenario Damage member Damaged position a/h
PC1 Right column 4 (from col. base) ~ (0.1 L) 0.1
PC2 Right column 4 (from col. base) ~ (0.1 L) 0.2
PC3 Beam 21~ (0.5L) 0.1
PC4 Beam 21~ (0.5L) 0.2
PC5 Beam 21,36 ~(0.5L,0.9L) 0.1
PC6 Beam 21,36 ~ (0.5L,0.9L) 0.2

- Crane Frame

The modal quantities of the crane frame were numerically generated using finite element without
and with damage episodes. The dimensions and material properties of the crane frame are listed in
Table 5, Fig. 5 illustrates the model of the crane frame. For modal analysis purpose, the vertical
column was divided into 40 elements while the horizontal column divided into 20 elements. Seven
damage scenarios were investigated and are summarized in Table 6.

Table 5: Dimensions and material properties for crane frame

- —"‘Il—_— """""""" ’HDL Vert_ical column Ly =254 cm

FH > Horizontal column Ly, =127 cm

i i Cross section width b=5.08cm

L Cross section Height h=12.7cm

] Elastic modulus E =199.95 GPa
i Mass density p =7808 kg/m’

Fig.5: Crane frame model

Table 6: Damage scenarios for crane frame

Damage Dama_ge
; Damaged element Damaged element severity

scenarios a/h

C1 Vertical column 8 (from col.base)~ 0.2L 0.1

C2 Vertical column 8 (from col.base)~ 0.2L 0.2

C3 Vertical column 8,30~ (0.2L,0.75L) 0.1

C4 Vertical column 8,30~ (0.2L,0.75L) 0.2

C5 Horizontal column 10 ~ (0.5L) 0.1

C6 Horizontal column 10 ~ (0.5L) 0.2

C7 Horizontal column 10 ~ (0.5L) 0.5
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DAMAGE DETECTION METHODS FOR BEAM STRUCTURES

In this research a different methods have been monitored here to detect damage in the beam
structures which can be classified into two categories:

e Methods based on changes in mode shapes and frequencies.
o Eigenparameter method.
o Mode shape relative difference method.

e Methods based on the mode shape curvature.

A. Absolute difference curvature mode shape method.

B. Curvature-energy damage index method.

1. Methods Based on Changes in Mode Shapes and Frequencies

A. Eigenparameter Method
The eigenparameter method was proposed by (Yuen 1985) and (Salawe 1993) to detect the
presence and location of damage in a cantilever beam. It is based on the premise that the mode
displacements associated with each of the dynamic degrees of freedom would be affected differently by
presence of damage and the changes in the mode shapes should reflect the location and extent of the
damage.

([K]-4 [M] {g}, =0 (40)

(k*]-2 M) =0 (41)

A parameter that accounts for the changes in the frequencies and mode shapes of the structure is
proposed to be used for damage detection. For the i —th mode shape, the eigenparameter is defined by

U} = {Z—z} - {:% (42)
A, : Theeigenvalue, 4 = w,”.

{U} :Eigenparameter vector.

{gzﬁ}i : Undamaged mode shape vector.

{¢*}i : Damaged mode shape vector.

Undamaged eigenvalue.
Damaged eigenvalue.

B. Mode Shape Relative Difference Method.
In this formulation, a comparison of the displacement mode shapes is used as an indicator of the
damage location. The parameter used is the relative difference (RD) between the mode shapes for the
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undamaged and damaged structure. For the i-th mode shape the parameter is a vector defined as (Fox
1992):

)
{RD}; = 7 (43)

Where:
{#}, : Normalized undamaged mode shape vector.

{¢"‘}i : Normalized damaged mode shape vector.

In theory a plot of the vector {RD} as a function of the measurement locations should show a
definite trend with distinct discontinuity at the damage locations.

- Methods based on the mode shape curvature

A. Absolute Difference Curvature Mode Shape.

It has been evaluated by (Pandy 1991) and (Shakkar 2006). Curvature mode shape is related to
the flexural stiffness of the beam cross-sections. By definition, (Black 1966), the curvature at a point of
an element with bending deformation, is given by:

M

v o= —
El

(44)

In which v is the curvature at a section, M is the bending moment at a section, E is the modulus of
elasticity