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Abstract

Aggregate is considered a vital component of the concrete industry.
It is occupied about 70 to 80% of the total volume of concrete, in
addition to decrease cost of making aggregate compared to the
cement industry[1,2]. The aim of this paper is to increase the ratio
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of sand to total aggregate by replacing part of the coarse aggregate
and adding it to the sand while maintaining the same total amount
of aggregate in all concrete mixtures in order to reduce the cost and
environmental pollution resulting from the manufacture of coarse
aggregate. soft aggregate is mostly natural sand, it is advisable to
exploit the largest amount of it provided that it does not affect the
properties of concrete. In this study, the ratios of soft aggregate to
total aggregate were determined as follows 0.38-0.45-0.48.
Experimental results show that an increase in the proportion of soft
aggregate from 0. 38 to 0. 45 by 10% can lead to improvement of
concrete strength. This improvement can be reduced at the level of
increase to 15%. Increased soft aggregate leads to a decrease in the
concrete workability.

Key words: High strength concrete, Workability, sand aggregate
ratio, water cement ratio, surface area.
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Abstract

Unplanned urban extended is one of the biggest problems with a
negative impact on public roads, in the absence of laws and
legislation regulating construction and urban extended. The research
aims to study and analyze the impact of random urban extension on
roads in general and the regional road passing through the city of
Zintan in particular, where the regional road is the main artery that
connects the city of Zintan with other cities and urban communities.

Through the study, it was found that the road suffers from traffic
jams, whether for residents of the city or those passing through it,
and it has reached a stage where it is impossible to implement any
solutions to develop it. The random urban extension prevented the
possibility of duplication and opening service paths on its sides and
not leaving the axes of urban extension safe now and in the future
due to the violation of the laws and legislation of the Urban Planning
Department.

So this study came to identify the impact of the phenomenon of
random urban sprawl on roads, in order to reach the planning
treatments that must be taken into account, by following the
descriptive and analytical approach to the effect of the phenomenon
of this sprawl on traffic movement and the topography of the land
and on the visual vision and agricultural lands. It can be used to
address this phenomenon now and in the future.
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Abstract

The sources and transient effects of electrical variables and harmonic
distortion in ships electrical power networks, and the parameters and
methods of characterization, were presented and discussed.
Furthermore, the paper investigates, discusses and compares relevant
issues by standards defined by marine classification institutions
applicable on board ships, taking into account the standard setting of
similar international energy systems.
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The conditions used in the operation of alternating current generators
that intended to work in parallel with the ships' board, also been
discussed. The proposed solution is by adding a multi-level voltage
inverter that works in parallel with the network. A comparison will be
made between the types of multi-level inverters.

Key words: PSQ, Transients, shipboard power system, marine
classification institutes, harmonics.
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Impulsive Transients
Rise time 5 nsec Imsec 0.1 msec
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Quantity in operation

Permanent Variation

Temporary Variation

Frequency

+5%

+10% (55)
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VOLTAGE TRANSIENT
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BV/(2003)
DNV/(2001)
PRS (2002)
RINA(2005)
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No

(LRS) (2001)

+20%, -15% (1,55)

No

IEEE Std 45-1998 +16%(2s) +2500V (380V — 600V)
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STANAG 1008 +16%(2s) 2.5kV, 440V
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Abstract
Tea is one of the most consumed types of drinks and has nutrients
found in nutrients found in trace nutrients. In these rare nutrients,
samples of total iron were obtained from 17 samples from different
street brands in the Libyan market. Samples were prepared by dry
digestion. The amounts of iron ware range from (0.1-2.5 mg/L), less
value concentration (0.1 mg/L) brand Lipton tea, and highest

concentration (2.5 mg/L) brand of alkabsheen tea.
Key world: tea, iron, spectrophotometer, absorption.
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ABSTRACT:
This research aims to design a cathodic protection system using the
impressed current method and the sacrifice anode method. The
purpose of this research is to study the effect of corrosion in
industrial facilities as one of the problems that many industrial
facilities are exposed to and suffer from losses and damages due to
corrosion. Also, in this research, a description of the process through
which corrosion occurs, as it is considered a natural process that
occurs in the environment. This research presents the calculation of
the annual erosion rate, whose value was equal to (2.46312 MPY)
as well as, the measurement of soil resistance for the site in which
this study was carried out, where its value was equal to
(1834.69Q.m). In this research, the cathodic protection system was
designed using the direct current method and the sacrifice anodes
method because it is an effective corrosion protection technology
that uses the electrochemical properties to make the equipment to be
protected the positive electrode (cathode) and the other end is the
negative electrode of the cell (anode), where the highest value of the
system was using the applied impressed current method equals (-
0.792) as well as the highest value using the sacrificial anodes
method equals (-0.963). Through this research, it was found that
cathodic protection is one of the methods that contributed to
reducing the corrosion rate.
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Abstract:

The aim of this work is to evaluate the corrosion resistance of C35
carbon steel in different corrosive environments, and the behavior
of treated steel with boriding treatment in specific acidic and basic
solutions (HCI, NaOH, HNO3z and H2SO4) and 5% NaCl solution.
The behavior of treated steel in solutions of H.SO4, NaCl and HCI
was appraised by two different methods: weight loss method after
total immersion tests at different times from 24 hours up to 3
months, through curves of corrosion rate for weight loss method in
terms of time. While the electrochemical method was carried out by
experiments of Galvanostat Potontiostat device for a period of 30
minutes, and drawing Tafel and polarization curves. The results
showed that the treated C35 steel was significantly affected by
acidic environments, and the boron chemical treatment of the
surface of steel samples showed its efficacy in improving corrosion
resistance, especially in acidic environments (HCI and H2SO3).
Keywords: Corrosion resistance, boride carbon steel C35, weight
loss method, electrochemical method, Tafel curve, polarization
curve.
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Abstract
Public squares and squares are one of the most important forms of
public spaces and an element of the city. It is an important
component of the urban fabric because it embraces the various
activities of the population. It is one of the most elements in which
the relationship between man and the environment in which he lives

and reflects the general image of it. These spaces, especially in
developing countries, suffer from a serious deterioration. Its urban,
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visual and environmental environment is a result of several reasons,
as it has become lacking in safety, cleanliness, arrangement and
equipment with appropriate machinery and plants, in addition to
deformation, visual and environmental pollution, and traffic
congestion.

This paper aims to try to reach a practical approach that can be
applied when developing and reviving the public squares and
squares of cities in order to preserve the cultural heritage and
provide a safe and sustainable environment .
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Abstract:

Professional architectural education remains of interest to many
researchers, and it occupies many of architecture school’s agendas,
and sometimes tops their priorities. Some of researches focused on
the study of design studios, the others on the quality of architectural
education. Plus some researches had a clear orientation to know who
should teach design, and what qualifications are required to enable
performing this task, and how can be evaluated. Conversely, the
question of who should study architecture; It appears only briefly. It
is addressed in the studies directly under the name of architecture
student (the student after entering the architectural education
program system), this system, which showed some weakness in its
alignment with the needs of the labor market. This paper raises the
issue of architectural education in terms of admission criteria in
schools of architecture, with its controls and the consequent results.
The methods for that is an analytical study of admission to
international schools of architecture since the institutionalization of
architectural education, and comparing it to a case study, which is
the “Department of Architecture and Urban Planning at the
University of Tripoli — Libya”. In an attempt to provide a critical
vision for the architecture student at the University of Tripoli and to
monitor some of the problems and negatives facing him. It expected
that, the results and recommendations of this paper would pave the
way to develop the process of selecting and preparing architecture
students in Libyan universities, and finding the way to advance their
architectural ideas and to build up their creativities. As preparation
for studying the field of architecture and practicing it professionally.
In term of support the current and future needs of the Libyan society
in this field. Therefore, Architecture and architectural education
related to social developments and came as a response to them.

125 Copyright © I1STJ Ak gias okl (3 ia
Ayl g o shell 40 sal) dlaall



International Science and 27 ) Ryl p glll A0 g
Technology Journal —————
iy i VOlume 27

22X
October 2021- s S T -J /\

Keywords:  Architectural education, Admission controls,
Architecture student, Carrying capacity.

tdadia .1

Dacas (553 ¢ oSl Jlasils (Glasall mrag) LS ¢ oaglgudl] lgumgat (S 5ylanll
sxaall 138 o e a2l e cpanaill e 5080l Gl elal) Sl day L
sard Jy—agll A b 8 4l Js—aglly iy o daall () V) Joene
Lyl 4l ol Bland) s ay Coeaty o g (S Lo g 38 ) sl
Glagials inall aladly ol & XS 5)\ aalls (2010 cgsaall) Jlaal) 13
Clibagicall old) (e Joiwally cdumylally Llalall clind) Jals gyl Jal gl
ols L (201 Tecagy M v o) Adlaall e Slcad Ludagl) Aalill (30 4y
aLaial J3y ()lenall adetll a5 Lg8la) 3 amsall S 5als Lgadass §laal)
aigh Gaylae e el Jlae) glan 3 Bla) dugly) < et ald) (o el
o Sl Lgie dae al Gl whall (e degene Cujgls 25 L5ylaally Aylanall
dasti Culludy Slenall ailail) 3sny ainl HAYTs cave il Cilagargial Al
o Lo s clenall maailly Blaal) ooy o 4l s (g Ajadd nlsll A341l5
sl sl Aagacall sl Lo g cAagall sl elaf (o 40T Lglladll a5l
(i lenall danigh 5l Hleall ok o 4 iy e Allse Gls JladL 5 teDlasal
o a3 By dlae ) 8 Lgal) Byl 2 casane S Y) ek 2SS Y
dashiall 238) L (glaral) arleill maliy dashiia alsis 2ey Ul (g c3lenll (il
(e 1Ll laall diga aleil JalSie gralin daghaia gl Capad )
oyl gl gy (2012 ¢ ghibe) oD Aaphag l<ag A )y et lic « D
ey @b Gl Sl dglend) gyl ge 2aall G il
dabhidl 3 dals candl (3o lalial Lgidlse Ciaiag o (aall) lels i
(2014 (05 )3)5 Casss J) (2003 <53mmsl) syl

pinll oo Vs iy aleill b el Cas 1ol gu (Slenall Liad 0255 L 13y
g hails Argdally JeaiWh dasipe oaall (gilaxall adaill Ol (5315 (§)lanall

126 Copyright © I1STJ Ak gias okl (3 ia
Ayl g o shell 40 sal) dlaall




International Science and 27 'Md‘ A y ol 20550 g
Technology Journal Smtermmtioe Sukemen i Ty S
i) 3 »hall A 1) Ayl Volume 27

22X
October 2021- s S T -J /\

ey O el e Laily 2Ky ccalilly (el cpadl) daiiy coalgally LSl
Leaal e s adaill e L Gl 02Ky ¢ giSle 4l Calialy ausiiy dcsti (Y]
adan e sleall (aylae 350 Asaal Gy ¢ ancaally aleiall 4 ad &) il
ealaall Lalle 8 dals la¥ls (g5)lly maliall (ggivnas Sl o 3padl) )
ldle a3 ehag (2003 cs3e—us) (1997 A 2e) aSilly atl) 31
(oald JS& Hlaall Golaas alailly ale JS& daelanll lasll aas 23] dBlalinly
Bpcabaal) il s legig LS alalaiig ilaglaall 335 Ga3ll g yarg 4dl Gus
Dskl 138 Glei Y daladl 5oy e Lee gl Laladll Laglgisall skl
2 dagSaally Lnalal) Ladlanl) 37al) 4 Alidially (Bagana dnie) 58 A sl
Bl e Jomally Blas ol 48 8 AU ) 50 SN i) o cppna
Cilagially clbaalsall e Caymll 85 um (1o dads Lag ¢ slaill ilatind & bl
(2010 ¢(gsa) Laadl 13gd Gujlally Jlaall 13g] abeidd) 3 355 o) Gang )
g L) e 4l s Ol BaaaY) (e 4lialgay Hlanll s HLad) ulad
o o liy duxa L) Jlad) 13gd digal) dujlaall (e g 8jleall LU e 5L
Glelu ) danye 1385 Ll al¥lg 2lgia¥) e IS0 Gllaiig (llal do)lay
aleill o) QAsS si KF LSy L i lly Caailly maaeail) 8 ALl Jaally cu)l)
st Ll Hlaadl ol gand 1 JUE Cum Vsl sasie et Glwe (g)lesdll
Slally sl g gonylilly ally o Lain¥) alaS s LLiadl) (e el 8 Lgusis llyily
el BlaiulS olalsy dpnainal) clyshaills Glalaia (g)lenall plailly slanllé "y

.(Cook:2002)
Dnlae G e (glanall aalaril) AT ia 48 )50 030 ket 143 gl) 038 (e ingd) .2
S e dde oy Ly sy dgjlanall dudiglly Blaall Gujlae (& sl
o srmzall el elical dia Galgall laad) ulae & Jsudll dalilas dudyy @y
yaad) Tty glaall Aciin o " a Al Ay 435 )lhag ¢ glanall aderll
daala (8 plaall lllal 40 dog) aadil Alglae (82" Ll (ulihla daelan
paled o) aBgig Wehiiuly agalss (Al Clabully GLICEY) Gan 2a)s cpabbh

127 Copyright © ISTJ PRGN
) 5 o slall 4 50l Al




International Science and 27 ) Ryl p glll A0 g

Technology Journal Volume 27 Ioerrmasanat s et Tostasiag St

PAS
Ay pgnll 45l Alaal October 2021- x5 =>T.1 /\

Hlaall s dlacfs jlial dolee jaolal Guylall 2gas 8 48)50) 030 Diliagiy il
Lasag F—asiy (larall 0)S8 ol (8 Bl - Leiall slanly cdondl) Claalad) 8
lisslaaly Bjlesd) Jlae Aabyal lalaxial @lldg ¢yl 138 8 elal) sl
el 13y Lastally Alad) ) adinall claliial aeal ¢liige

tGlarall addailly ddlatial) asaliall ians . 3

el Craa ¢ IV Auallal) ol U8 s glanall addail) )l o8 aga 1.3
Asead) Gaatll & wipdll dhagl A pndl) e o (ol alladl 8 Blasd) Gl
ple an 5 8y 5 lanll LSL) LaalSY) 315k e a1819 ey ) (Llol))
cAilag g Lligdl 5)laallS AR Aasdanll A0Sy Loyl il Absanll ) gidl
1 b Al g clgally A el A el b finall (gl olaie) 3
19 Gl Ay ciliaadill (o oy oo Ogidlly Sleall lajnadl Joall (e yu2al)
gl 20 A s - sl O9SoaY) Canlanal) O gentigall dpral) et
o S Cruail) agds Sl g8 Lgys) BHlae ojlae b Alsaall (5l a5k
Y1 sl o Analal) canal G ¢ Ml el 3 Sl 30 20 (353
asall Jax Hlaall Gajlae ey Lalledl Jon lgie mpaell crealiy (3jlasl) cila il
Ok s s (gAY Al e 281l clealad) ks LpalsT Ll
0S5 Blaally Al Gulaeg dadadanll (gl il clan ) Ja L Jiwe G
CulSd L (Laslasldl) duopre Hsgda Llad cd et Ally sl Al ciliaglso
Clga Caatig cagall Caally 05l Larada (AT Clang Culs ) Basg 5leall
A lenall Lustiglly asacailly Bealaall Gsidll by adeill 8 Cladlaly Saa 48l
Cayally 05l (Ka st Cardaily colailS A DISH Cuady DY) o3
(2012 e ) oaslsiSilly oeliall adil) aadi ol DA e ara—ailly
.( Goldschmidt & Rachel-2001)

128 Copyright © I1STJ Ak gias okl (3 ia
Ayl g o shell 40 sal) dlaall



International Science and 27 JM‘ Ay y p el Al g
Technology Journal
i) 3 »hall A 1) Ayl Volume 27
October 2021- ¢S

Imtrwaational beimrs mad Taviasiags demraal

SsTI

shland) ulaal Jsdall Jgudl) ulaag dlia) Lans 2.3
SYL ) ode Joall ety (Jsal) ) Adsaad) @il ASs ol yulas
LY Gatly 1 I a3 S o3¢l Jaal) Lilia (el Cum saal) il
Gsai G ¢ Slel aaylia) U8 anlsls el Joaall cpaaldall 5 (pperiial
Jenll S ilCial ehal 3 e sSH Joaall dilany ¢ ygedl Baal Joaal) dislsal
Lan b atilly Gajally araalll alge 205 Joa 98 (S ) Slagay lgdle
+Bagdna duie) 5 (guad (A JalSie Jac
RIFCEDRER§ NUDWY- 1 DPOS FTPUVRIOS SV, SN UL NI P U3 -
ASDIS Cnylay
Slare paial puly Gl (Ao 3y oy 1) ondpall o sl A s
Sl (a3 ) i) G35
Al Gandl el i S 5Laal e Blie (S8 Al ) (e A giall Ll
.(Goldschmidt & Rachel —2001) ZisIL Jgaall aaiiall gl i pall dualal)
3y Bus A widy ad—d (g1 lalaue OIS tuglaghll J 5l sulaa Ll
G ai Lo L2k calpl S cpanl) ol eal) e il aiy SIS anls]
Ao COlage e Sl Lo s pe il (s Gpall JoB Sad LAal sl
Joaall Joil) Hlne 58 Led = lailly el din g daanas 8 «JlaeY) dlailas
258 s A sie sl lilaial (5 ol ad) ) ZEL_aYl LA asyall 0ig]
calill Gl aa (Jlaa ) Cangs il eiyaall Claiiad 538 e dag jadll
(2012 ase)
oastsllly JhsdlS Lealedl 5l Blaad) ojlae (8 Ol J58 julen (sl (Sasg
t ) b Adie Jg e Aandl Gajlaall (e 20a) AiLaYl
Ll daballs o) sl Glaalls ol3Y) ¥ aeay canlSY) el Yl e
ChLaRY) any jelaig) dalall s LN chlad) ameg ccirag o) daalall

(o)l 02a (e any B dua gl sSoudl

129 Copyright © ISTJ PRGN
) 5 o slall 4 50l Al



International Science and 27 JM‘ Ay y p el Al g
Technology Journal
i) 3 »hall A 1) Ayl Volume 27
October 2021- ¢S

Imtrwaational beimrs mad Taviasiags demraal

SsTI

alaills Al ally Bylenll Jsany dealal) e pailly Al aliall ililaialy cylaa) sl
Yo — dad & COLle — hlgall Lol e 22T £6T0 S (glasal)
Db Uy ey B)lga clilatial — juat cibilatial — Jlae) duis —iu5iSa
o) Aaye S Lgenan o il Aalall oil) ool Wiy (i 0335 el o3 (00
.(Goldschmidt & Rachel —2001) 4.1 o) daals
A las ISy 2 lanal) Aariglly Slanll Goylae ) ) Sl Gy coalig
s ) 4l 28 clgal) an al) ) CBDUAT ey DR ad g 5leal) diga
O O p g -8padl C¥ ey AN Galerall Jal el A IS5 L
1viglly 8ylaad) (pjlae Cpm CEAY )y 4 dag) peda) il (e duall
agildly cpmnall s e sda (DAY L dal) asgl il e ) V] A jlandll
U @kl Ge s Jlall (g Capad W Ly y ond 138 (LA zly
S sl Sl PA o DUall agilagiud e Hlaadl (olaall 238 gy Gojlad
Gl Lo dndinally dssall juleally adll juleall 038 (uSa3 Cun L gigiasiy
.( Dare. A & othersc 2015) 48wy aeaill
aalail) ala) amy (s)lg (gilanall mraaill (golaty anaailly (Silarall anleil) .4
2 Casloa¥) 13gng DIl Ja o L aeall e 95y Ll WS (5landll
Slagheall 330ag AU el i dse Collivg alaiall e S5y aubail) G gl
JhE 3as il l legleall 38 e sl ) 28Lal clglal o) leally
Om Dlpall dablie (8 oyluall 13 sty el (S da (8 Jidy slin 2aa3g
Yola 3 caiy (@il HISEY) lgd et (gilanall ailail) L jdgs d8jeay ARl ulas
asailly B)laall alad 8 Gaadaill ) PDIA e 4 G 3995 iy - da Lasd
gy agasd ABlias agl ey s HISEL (O a3 S L Llle ¢ (g)landl)
Gl jitag Jleely il _ddlie DA (o Cus L (Slaag s gl dlding hlad
OsSH pgasalal b Lty daad Al agillaadle Cleiiwl 20 Ol ol
.(Rickwood ,1999) (gieas <5 Sl eliy and)

130 Copyright © ISTJ PRGN
) 5 o slall 4 50l Al



International Science and 27 ) Ryl p glll A0 g

Technology Journal Volume 27 Tatrrmasional s i Torbisings dearant

PAS
Ay pgnll 45l Alaal October 2021- x5 =>T.1 /\

S beaa 4y ¢ adall ALl Gad (glanad) adetll' o 5a)l53) ol i3S
(1999 ¢ S3lsal) "wBlsl xial & dajdn o (gyg —all (e (K pBlGIL 2ag e
I Gilly @lanall paaaail) ) 3 waally Blaal) Gajlaas abaill o gansl i
a0 oS3 (Ol (sl alaill Cljlga pogkail Baclal) aay 4l Ll anecail) g
pils (B die Hae Y (M) jateall yasil) e Jelaill alat 830500 2839309 ¢ (g8
of Olainsy ghl) 138 A uayg AliSy 5 e IS petig i o 138 G L digal
cabeill saga AV L el il i a) (s Lneseaail) Dlead) Pla il
Cilas (s dalaly Allad 520l o leall Jaally djlanall daladd) o) I 1g )Ll
Siotail) Aleill JICAT e JKAS Jany (53 3l (s daalill Bjlanal) cilslaal)
Brookfield & —1999) Slaiyl e Jle (g5t —sa Gain3 N (ol 28 elaally
.( Preskill

Al aaial) cili—alga il JiSYYg saaY) Laga) o 238 Jaad) S Y .5
Al ) I aand) Jad¥) (e gl adkial) 138 Gagadl daal) galisll gl 5lend)
(2012¢ ke) XSy (1999 05 aly old) mas 2aall o g 1) G
c@larall oVl (ddjral G zeall o 828l agl piadia Guylane dacy
o ST lenall caaill malipl) o HSAN 058 o) a4l ¢ atigl) el
Lige aubet] JalSie zaling 3sng o) Jsnagl 2y . Byleall Callla e ialsas Lot le
ceially (Aanlly ey (Calaal) Alelie aalSh ailat 52y (e ylanll
el (Glanall Jomaasll Jies (a2 aagiill Clgaly casitill Haluany cilasially
©a) b con (3(1987 ¢ AU ae) samll leall cilulia) a6 (53
Lbasily 5ylanll LIS 7t deslall 8 Sleaadtl e LIS CDlayg 43 @]
DU e SLEY) Gwes @1y Sy L Aigall s Ledla s (B S o
Jowasll 13 agag age Jale clld Y GIKY) )38 Gaadil) Jagy dfyall Gaeaiial)
1 Ao 8 Gulid) (b 35ag dnaal ) (@a] s cialiy (ol bl
bl el daslially Lanhyal) Lnaaly Blanll Guylaa (b alllall Lalssy

131 Copyright © I1STJ Ak gias okl (3 ia
Ayl g o shell 40 sal) dlaall



International Science and 27 JM‘ Ay y p el Al g
Technology Journal
i) 3 »hall A 1) Ayl Volume 27
October 2021- ¢S

Imtrwaational beimrs mad Taviasiags demraal

SsTI

ol galig 235 dneal 2S5 1385 ¢ anyill A sliacly Lgan)5s (kg Lgbisinag
(2010¢s3pall) (bl il lawaly (glenal) andail] ealpal Jalis aasiiy

aobis 4ia ae Y Bal Hlaall Gajlae Giamy (b pasil) 5oy 38 :dnlain) 5,080.6
ped 0 ) dals dliag cad alac A dlien Jasdaailly Hhall ) 2Ll 4wl
asa—ail) eyt Joa alahal) e aiall P e (Hlandl) calSY) AL
O slae] Cul€ 13 e J5lll ng - DU (e 35S Slacl ety (g5lanal
C—eylal) GO Slac) 8aly o AN A )jod cardail] julae Cape 38 Bl
) Gy (Ll el Aashiie Jia ) (Y] Shaaaally )lenlly
) G OIFY Jo—asll i aga ol 3al5iall GV BSY ddae Silnilin
gal iy Blaad) ojlae Lagliiey Apadetll dleal] CLisSall 3Lyg (DU
(Wood& Others, 2003)

Bleall Leodia aud Ll ililiaal e Clily dudy & Als duhy (Al A .7
L (29 2000 Ao e diadl) 578l L= Galihyha daalagy (el Jasdadsil
Uy s ¢l sl b Bleal) Ul Lk 45 ausil Aglae 3 2018
LI Lmalall Ayl ool ing acill L) dglee (e asliinds LIKEY)
t oty ehal DB (e (oo AL aliall Glatial il e 5S aaill Gl
Daaly cadtiall Cilssleally 28N (aadall Glaiels o sall all) ae)ll Clga
Lo aafiall ie Baxae Chlga HLid) Lgd o Allg 5lgal) lidly duaddll Allad)
dadla ayey adiall rawn GlIM A3lial Loyt g diiea Jagiia cnd Jaally cplaY)
Ly i) . panadilly Ie Lgly adiiall LeSlay B)lgal A1 (g g53 8 o) Jlac
Om cpmaal] e ciial) Aalhall Ll agihyliag cpmaydll Ll slacl e dllall
JaSi il ey pnadll ool (e G e YL (s 0l e e Les A5l Dla
(Ospeiall) ddlall AST Al i el Jyaagll ULl st o3 = iy 4l
A (T gl ally dallall dpiesll 55all ddlia) L ansdll (1 Jgapady ol il
sdll Jghy Caslin Cun G lglalas (e Y JSL e AT o L cupela il
S jall A3

132 Copyright © ISTJ PRGN
) 5 o slall 4 50l Al



International Science and 27 J.\ﬂ\ Aall y p ghall 0350 A

Imtrwaational beimrs mad Taviasiags demraal

Jemogyound - \/olume 27 Fem . RN

October 2021- ¢S

sl LAt Al 1.7
bbb daals Blaadl ol Bl ciially Cpyadially Guandd) bl Slael Ay

180
160
140
120
100
80
60
40
20

-2000 A (0 b lanll ansd Allal G putiall 5 Gaag A Adlall slae Y Sy ey — (1) IS4
2018 &

o o lah agiuh seil e Alae Cpadial) Al As gl 5L Adaadle (Kag

peil) (o G padiall o) Cponsiall Zallall 50K alae) 2o e cdudyall B8 g

dae) e ylas clall Koy el Jidg . agilily Jalaty aanie Cagisll Ll ol (3l
2 JS5 el LS ag Auhal) 5 Gy oS (pa ) Lkl

133 Copyright © ISTJ L gine aoball (3 gia
A8l 5 o lell 4 pal) Alaall



International Science and 27 "M\ Aall y p ghall 0350 A

Jemoyird \olume 27 JeR T L BN

October 2021- ¢S

100 — g Al el
90
80
70 —_— e il alas)

50 A\WN Sl 805 (s A)
0 A\ AAL NN\
NNV W\

P AV A

"V NN NAT

0

O jall slach

SISO IR
R Ml M M MM M M

v

-2017) 38l I (il yla Aaala B jlend) sy cpag Al dlae Y Sl sy — (2) IS
LY sSAll sl ¢y A Jlaa s (2000

UK universities ranked by subject area: Architecture Al slael Jaee o)) Adaadle pe
Go to overall leaque table - o G‘)_\ﬁ - b_\j\ ,"5)3 d\)é . L|

Guardia Satisfie Safisfie Stude Spend Value rafter . .
n  Satisfie dwith dwith ntto  per Averag added 6 4,:-».»3} MLE} JLL 650 ‘_.,-“— 380
201 scorefl) dwith teachin feedbac staff student! e entry score/1 month ;
§ Insfitution 0 course g k  ratio 0 tarff 0 1 .. 1 15 a B B:SJL—LAM L alae)
1 Cambridge 100 88 950 718 127 0 M 7 na ) ) )
2 Bath %06 980 90 829 191 7 23 4 9 \ ] Ny < Ja S
JucL 898 758 867 628 111 10 19 9 @ d & ?;)_‘:' " d ) 5
4 Sheffield 842 97 980 918 151 6 169 4 89 el 12l andriead)
5 Notfingham 837 931 040 857 148 5 1M T 8 N oV - ¢
6 Huddersfiel 808 940 924 864 93 4 130 9 8

A5l 238 goasal Wy Jsledll jym Dlily Ge dcase S le DA ey

Hlaall oty Calllall Joul dafiall dundiliad) Adlad (520 ) 85dlae daig

3 —aehdll aliall LDl (530 ) cpalibla drals ihanll Jaslasilly

Gl sda 8 ST Jamitll 23 13gdy Auat) i V) sdgl adedl) ol
ol odgl Camdy Qlauddy el il ysels e

578 Jy—ha oas Ceanall Balae b lly ciels ) JSLa) as] e

5 (e cil€ Gun Il (Al 8 el (Ko il el Al

g 10 g Sy

134 Copyright © ISTJ L gine aoball (3 gia
Ayl g o shell 40 sal) dlaall



International Science and 27 JM‘ Aall y p ghall 0350 A

My mad Tavsiags bemraal

iy e Volume 27 |ST..|A

October 2021- xS

(2017-2013 4iun 5a 5323 8) (2012-2008 s (34 20.3)
%13 %8 %4 %12 B (L 23) claubidliom %4 %3 %1 o AL A1) e Bl
(L 62) el G ‘ u (AL OB) ol Bl
B (AN 52) g 7o ’ w (o 48) g 7 dud )yl 254
w (3 23) Gl Bidyliss . (AL 9) almBidlisg
B M) el 1080A B (Al 16) ol 104l

(2007-2003 e 0 30.4) %p {2002-2000 8 0a &2354)
%0 %1

%2
%0| %8 B (A 17) @y 5aulllss ‘

t' (L B1) el Byl B (L 29) oliuBidplisg
B (A 92) ol 7 dal il 58 w (AL 99) Gl 7 Ldpllo
n (Wb 3d) GliwBiullegm m (3L 28) ol Bl llsge

w (0 2) g 104dllox

® (b 3) e Sl oy

u(ihD) olgw 10yl s58

5 lonll pn (e Copma AN iy LB il (1 Al 2l s e 3 (it ey (3 ) S
il s Ja
oan el () cannd) el elgi¥ly alllall A whally i) cd
(il 2ll Lmatall 555l 53y Apaslarl Aulenll Tosii o) pedlslly gl
A ekl gl Loy capal) 3538 (A Lgucams (8 A3gsally ilolll (mms daand
g Gul e S Qe i 10 2 saleall by s A
calualiiy @iV AUl 3l Lo Lals 3sal) e
tOmpeiial) dadhal) il Julas
Cus clsgail ) (g pedll didla (o Grapiall ian g LI JISEY)
— IS0 Jals A aaal) ol (o JUEY) — BASH (o JUEY) 16 camily
Aaalall e (L) Jeadlls Zmbﬁ\-os g aiy)

135 Copyright © ISTJ A gina aiball (5 i
Ayl g o shell 40 sal) dlaall



International Science and

27 JM‘ Ay p glal At jall g

P /\ﬁ

Technology Journal Volume 27 I S T -_I

ARl g o glall 48 gal) dlnal)
’f October 2021- xS

(2002-2001-2000) st &

(2005-2004-2003) ot siudi &

B (DL 27) 41 g Jaiit

143) M)ﬂrdd_uﬂ

ul!.59 L1 e Juiil

%18 m b
B (L 21) ) 4l s sl \/
d-\-la)d..nu_,m,_,stu.,

Sg)d.dn..lJ.\!IUstLLul

( 2012-2011-2010) i giudi DA

( 2008-2007-2006) i S5

§ 22) 4150 351
(

B (AL 59) 411 pa sl |

49 41 g
ST Ay
43) dest + 31 ¢ ULl kUi
Sl M (<3340 dust

2010 N-2000 e <l siaall ansll (ya cpa pasiall ddlall il Jilas (4 ) J<al

( 2015-2014-2013) <1t D

u (< 13) 49100 il

L 19) 419 i
(21N

(
) s + Al Ll
(129

( 2018-2017-2016) i siusi P&

(A 7) 4 o il

‘ 0 11) 45 4l i
(<

G ) st + il Bl Ll
(3 35

2018 -2013 o ) sall anidll (ya (g pusiall dallall by Jalasi (5) JSal)

136 Copyright © ISTJ A gina aiball (5 i
A g glall 4 gal) Alaall



International Science and
Technology Journal

27 )

i) 3 »hall A 1) Ayl Volume 27
October 2021- ¢S

Aty p gl At Al

Syl Toviemings dearmal

st

dsgaall o oyl dd e Al
ol o slladl)

Jlda cVazall s cla jall (el
Jsasall 3 seaall oS

O el 51l & gram 5 oasldl) Jalll
ALYyl

Lia goad — aradill dlaalll AaS3l)
Bl Ly el AU A3V ae
(=)

LGS WY g Gaanll g Jantll Al
Glly Ga a4l 530
bl lals el e caniay
gAYyl Rl eVl s a
) ge sl

Gy panll Culial dias JSLi
Jaall g Jazall 3 i<

|

M\}\.ﬂhﬂj RN
dgglad) u',g,'\ aelu
s s.ls. ib Pl
g 20169 O“M‘
Lk g Jad g ﬂM #:-—J
Jooa @ 555 e
;_; ?,u«.(.& ,M« (@] QL.&:H

e P [T P

j

p ol agill g AadAl) .8

Jahaey laiy Lash L3S0 sy o add il o3gd Al el oSy
(e das Bylaall 2l Jotall cilyadll ililaial) (glenal) aaleill 1) Jguasl)
Fae el JLa Y dabiad) sagand) 3lpad) v Al Lily el L )ladla
Elaadil Joall Gy dalal LY L clgal aanall Claiia) ulead Gy

EDNY | )_..al.'ud\ aaan] deadd eal) (unlial) dadg t}'\l 9 ud (sAllg LAuaa

.ct.am «.—5;33

Jainall Qlllall i algay Blaall Gl & Joadl) ulae AL e ) .

137 Copyright © ISTJ

il gine ol 5 ia
Al 5 sl A ) Alaal



International Science and 27 ) Ryl p glll A0 g
Technology Journal —————
e ooy o Volume 27

22X
October 2021- s S T -J /\

agiad ol (DUl Jadly gl Ly Bylaad) aaled Cloasa 43kl (3
(&) e Rk ¢ Fin) adSY) ggasi ae Ldla laaaat yulea (385
oo L ylalig Baadatl) lawsgal) sdgl el Jamall 2y (63) aciand) Az, .2
PPl oLy 4 sal ALLYL calalinly (zsabll
cda Cipaill daaal ) gy wdd daaliy dalyay pa—adill dipr a0
Jalb laddl peaiall Jlaall widl @llyy analioy dpadatl) daalyy Joalis
D Glliall 138 ey oyl olatV) gl aadil) 138 b Gulead) Ll paacall
ciysd) Alcaliall clilaie Ll algas Jd alUall dacy alled Aoyl <)

O Aaling () Lag 45l LSy c@lanall el Aoy (91 ls Ay
o el aas Al Al i) Ly el Ay el 2l eyl

(bl
Bac 8 oy cAaiaailly Al ) aglall aiBle g (lanall plail) ddge i ¢
) o) eSlas A el Sy Aliail Bleadl Ml A ad S A e

058 O caa A llgal (o) aanty Gt g o)pn 13y L lgruiSow
el 13gs Ayl Ay DA bS] (Kas lly candiall QUL Basage
Lailly gyl Al Loy o(Olsall W)l) axy 2y ) odY) hlgn 0
) o Jla (Al selislly pSall 568 ) Al o paslaslll Sl
Gl ) Alal Glendd) adailly Gleaadilly clgagill Jmd e Jeall
LA Sl i) aiay g eyl pugl Y s

Slosall alaill uhal) alisall aiagh olas¥) Guplaall (s CVslaa e
o) Aplaall Jlae cilalia) Lily dga (o juanl) A8)gal gkl Ul 3
oash O (B il e dueal) Ll Gl a €A dga (e (e
Gblaad) Galllall 13gh HLaaY) &l g dleall Ul Sacly dargiiy alill
aghiiay W ol lgaladin) CllS o "livall’ " BsSli-acasl 5" el
DS ey Jlaall i (S @AY colaall Hlallg Ald e Luase (4l

138 Copyright © ISTJ Ak sine qolall (3 s
Al 5 o glall 4 sall dlsall



International Science and 27 ) Ryl p glll A0 g
Technology Journal —————
iy i VOlume 27

22X
October 2021- s S T -J /\

A48 iy sl HLaAY) WA (e (S cd)liay Bl lae) 88 ye
@m&whjw\@)@.ﬁ&&cﬂbﬂhb &J\Aﬁ\@b} .
Blaall to liagae dialgy Jay (o3 Ligdlly palaall s Bogl) 2l glayls FERPIN|

LAl

iy dpadina) hplills Lisaye (glasad) adailly plasl) oY das ¢
Lo Lol Tgd el on pa ycalaall ol Bl alon Lo clliSs (o] Aan oS
Dbl Lebdaty bl ) 038 e Capeil) 85 pidal Bilenll allla dae g ) Linday
Dkl liars L llalat e Yy Lgale (il daclaa Alglaa 8 cladsag il
Jiae (& pasally Joaall HLaaY) jules aalS salaie) (Ko dn 850 12
- Glazal) anlasl)

@lonall plaill a3l gralipl) gl olaB) Gufaal) Gans Nslan ga ®
Gs) djlaall Jlae ilalial dalily dga o juanll ASlgal ygdall U] 8
ashai (AN Gl e daal) Ll Sl a ¢(gA) dgn (g (Jenl
Cljland) Ll g HLASY Bk cyasg Lassbaall Clllal dlacly dassiiy alil
Faghios L ol lgahaaind LS o "Bareall 5" BeSl-anandl 5" suall
DS ae Y Jlad) 2 oSar @AY olaall jlaillg dlly e Loiage (Ll
Ay iy el HLEAY) DA (e (S LAaylas Bral dlac) 58 e
el 13g] il

e aliie Hoans dojleall 4 jedan liadi el dale ilaal i .
Slaall o Linsga 4talgs (s (530 Ligally mbal (s Sgl) 3 a1y 2l
il

iy dpadina) hlills Lisaye (glasd) adailly plaall oY dams ¢
Lo Lol 13 el ey yaleall ulll adlgl abens Lo oSS, el st S
Ol Leblats bl all oda e Capaill 8y5 )ual Hland) il Lpe gy ) Lindy

139 Copyright © ISTJ Ak sine qolall (3 s
Al 5 o glall 4 sall dlsall



International Science and 27 JM‘ Ay y p el Al g
Technology Journal
i) 3 »hall A 1) Ayl Volume 27
October 2021- ¢S

Imtrwaational beimrs mad Taviasiags demraal

SsTI

el LiSass - Lglalat e Yy Lgdde il daclaa dlglae b cbadsay il
Jisa (& agally Jsaall JLaaY) jules 2alS salaie) (Ko an h—i5e 1
- Glazal) anlasl)

a3 o 5l sl e Cleasis dplasall gl Joalll Julae plu
Clabis G @l o S5l () aliall by aa ls ey Jodll lali
by Opesiiall COURD s (e Leald) Jardl 3o cilillaia (s Joudl
Slarall adaill alpal Jal & sl agng (o deal Ja Y cAllad juleas 3)leall
(b gl msitis danlyas alllal) o1} ddlad dadbia aili 1

ALl lgidelyy Luhl) Allay Lasdiodll Joil) ules mlad zgung e o
e bl e dabaal) 2831 Jea Ligall (—nyladd L) 5208 Con ]
ClLdl j—any @Al Jand) daglly Llad coll adsy (A V) il Bgige
il e Jalaill aud

) Anasll 5ally Blay Lad & —als Lebdasy ddladl dulps bl (50 °
s Bl (3l AlS A ety bl agi Al Ll Lgaliag
i) U el A b el Lol aasil] (S ) Bl g5l il
Blaadl Lusn)dllS Balgd Jadd

Aagiuaal) duyall 553dl g L Bylaad) aud Jgai Liay) Jubaill il (a5 @
Ol Alal) Sael ey (adipll catSY) Jaead) o3) Galllall 5a,ld i
Burall agie) i) cagilaill (ol Guay Gilad o) Jad 2 A SLBY
a—as A bas Gl Lude La cibide Qlou @lldg paadll 138 4y
Ao bl Joumd aa (lalls Bac luse A B8 o Jaall 1 Jie lasl i
sl (s 4z LaaiVly anadally Ll AU (lUall £ gi (el

Ajaall das digad b direlisey Qllall dals 2o G Gupl) lg5e
slanl) poler 8 Aaela ) dolaall e 5500 djaddl oayiay (I lagladlls
llall s ) slaahlly Janll g9 Analed) lS)iialls calaa¥) ) 7 s
Bl paill DA o I e Capilly HBUEIL IEAY] A _ajd 2wy

140 Copyright © ISTJ PRGN
) 5 o slall 4 50l Al



International Science and 27 ) Ryl p glll A0 g

Technology Journal Volume 27 Tatrrmasional s i Torbisings dearant

PAS
Ay pgnll 45l Alaal October 2021- x5 =>T.1 /\

oS58 mgiag asgie lSal DA (e o) L Sl Bhlsa (Sgall alad) 555y
Al elacly 28Ul A jaall ool malie o Asall Jadlly allal
) 5 Jalilly pally Jalailly allad) b Ciany W (ganll (i peill allall

=2l .8
:dpad) aalall Yl

¢ palaal) Sanlly (Glanal) asail) 8 £)ay) Ay aggha (2011) agsll ae Ao [1]
Obi dads —14 0 all —Alad s ekl diagieg AL Ay gad
https://www.researchgate.net/publication/319350598

g1 e O ABlall g5 (Ao laral) prasal) pula (2003) B3 5 oLia [2]
Hlaal) LIS . Aaallas Allae 34-23 (2)8 Luwdigh Grgadl LY Alas casauailly
Aasaad) Lyl ASkedd) . Jeasd cllal) dasls.

Zaalal) . Glosall el galia gl & cilagleal) jshas i1 (2010) (o) s [3]
21-20-19 2321l 6 alaall . 3hall — 2ais = djlenal) duerigh acd — don gl i<l

dadla~ Blae ke dagyhl—(uhadd A (glaral) addail) (2012 ) e ) [4]
b= (el Ulall il pal) 208 2 lanal) dustigl gl #Lail

SR —189 saall= clull Alle dlas c(glarall adatl 5L23 (1997) 3 2e asalil [5]

LalaisY)y sagal) gad dasill (2014 ) Glabe alll de ¢ das deskCiusy JI aatly [6]
e laasal) Daglpcl) daalall 2 plead) Ausia pud glaall pubedl) b
a4 aaall = 7 dlae daenigh) aglell Al

Glaball e duasaail ddally @lasall S sly ((1987) W ae anh [7]
- p - lenally Aol dal)

Al Wl 5 gleadd) abeill) — Ghyeal) 3 Ve (2013) sale cen)ll cune[8]
Bpalall. Hleal) dsa.gyleal) Qlla 5gen

Aaal) ol Gaalailly Aulail) s ralad) agiilly aalal) aulail) (2001) dlad (uen [9]
By all— sl

osiill dle 8 Jaadi-jleall 3 AmslsSadl A2l (2007) s dsead) xe Elal[10]
<G pailly Gluhall Glada o —(g55lasdll

141 Copyright © ISTJ Ak sine qolall (3 s
Al 5 o glall 4 sall dlsall


http://www.bonah.org/author/mogib-amer/

International Science and 27 ) Ryl p glll A0 g

Technology Journal Volume 27 Tatrrmasional s i Torbisings dearant

PAS
Ay pgnll 45l Alaal October 2021- x5 =>T.1 /\

—56 gy dalisal) diligiceas Glanal) adadl) ilaadiiind (1998 ) oeiall Causl11]
- 5l cuigl LIS . a3V daala

palaill by aagil zdgad ananad (1998) ¢ uai (e dielen) 5 (ol Caun[12]
34 so— Aupall Claalall sladl Alae Lujal) claalal) b glanal

: djalady) aalual) L

[1] Goldschmidt.G, Sebba.R (2001). Who Should Be a
designer? Controlling Admission Into Schools of
Architecture, Technion-israel institute of technology, faculty
of architecture and town planning. National institute for
testing and evolution.

[2] Dare-Abel .O. A & others (2015) Pathways to Architectural
Education and Practice Success in Nigeria. Department of
Architecture, Covenant University, Ota, Nigeria. Journal of
Education and Practice www.iiste.org. VVol.6, No.4

[3] Wood. A, Samant.S , Sassi.P, Sharr.A (2003) Strategies for
increasing student numbers in architectural design studio—
TBUH, Research paper, School of the built environment,
university of Nottingham, UK.

[4] Olweny. M (2017) Students’ motivation for architecture

education in Uganda-
WelshSchoolofArchitecture,CardiffUniversity,UnitedKingd
om. Frontiers of Acrchitectural Research

http://www.keaipublishing.com/en/journals/frontiers-of-
architectural-research/ at www.sciencedirect .

[5] Melissa Kirkpatrick (2019) Mental health& wellbeing for
architecture students, architects benevolent society.
https://www.Absent.org.uk/2.

[6] http://portico.space/journal//mental-health-wellbeing-
while-studying-architecture

[7] Cook, P (2002), Keeping the dream alive, Building Design,
no. 1519, Feb. 8, p. 11.

142 Copyright © ISTJ Ak sine qolall (3 s
Al 5 o glall 4 sall dlsall


http://www.keaipublishing.com/en/journals/frontiers-of-architectural-research/
http://www.keaipublishing.com/en/journals/frontiers-of-architectural-research/
http://www.sciencedirect/
https://www.absent.org.uk/2
http://portico.space/journal/mental-health-wellbeing-while-studying-architecture
http://portico.space/journal/mental-health-wellbeing-while-studying-architecture

27 JM\ dgdian y o gl A 50 Ly

Imtrwaational beimrs mad Taviasiags demraal

SsTI

International Science and
Technology Journal
i) 3 »hall A 1) Ayl Volume 27
October 2021- xS

[8] Rickwood, R( 1999) , Design management: teaching
innovation, Conference on design education. The
Lighthouse, Glasgow, RIAS

[9] Brookfield, S& Preskill, S.(1999), Discussion as a Way of
Teaching: tools and techniques for university teaching.
Buckingham, Society for Research into Higher Education &
Open University

[10] Edwards, B.(1999), Summary and Future Agenda,
Conference on design education, The Lighthouse, Glasgow,
RIAS

[11] McCue, Gerald., “Thoughts About Architectural
Education” Journal of King Saud University, Architecture
and Planning, V 6, K.S.U Libraries, 1414 A.H/11994 A.D.,

pp 3-

143 Copyright © ISTJ L gine aoball (3 gia
A g glall 4 gal) Alaall



International Science and 27 ) Ryl p glll A0 g
Technology Journal —————
iy i VOlume 27

22X
October 2021- s S T -J /\

Aanal) b a e BT B o liial) §)) cilidaly il lan sl

" IS el ) Adia gkl g Ailua £ g e Al Al 2"

Gaallae daaa Cpwall daaa dagsa (p aaf Ahias 2
5ol gld Faala duigl) S &) yma Al o glell A

mahomedalhossinabdalrhman@gmail.com m_hkoma2017@yahoo.com

:danll Gadla

gl ayliie 2 b Ll Bls) iy cilesslan i | () Al o
¢ Al AaS (GO Gy A juekiy dbia goyde o Gulilly Al
Gl gy ST 8 Lagaldl) jolail) azy il lannas oSa A< s e TS5
38 sl V) Al aoylda) dem gyl Al ) colly dalay) oS, il
By daadiall Cleall s3a elaly diga 8 labadly Caecall bl (any ek
eigl) Taladnll 38N agdl) e sl ad) ye Jadadil) & Cheall 13 asloay
cetigh gopdall G aSanll lisSe o Sl olad ) 535 Lee

Gn Y Jid) g ydal) ol o) lganl ZL e desena N Al alig
sy (ol ool Laa il il Jalang 55la) 8 dauatigl) Call ) (ke dseal
Aoaigh 1aY) i Gk Oy ¢ el 2ysall Leaal Gag g pdtall Dlsa Larass
18 L) abiin 5 8 gl ey o Taaly iy (535 o pitall oy il ) g5
e BB ) daigh )Y il Gudss (s35 WS e 22 e Yo hes
S35 Anadigh BaY) b alasiad Gy cAusSa) Aol (aslulS g i) (RS
cigshal) Bagag S il of (90 gosdall Slad) e) e

(i sl ¢ ALY &g i) AanaCall dadl cAavigh )3y sAualidal) cilald)
AN bl Gl

144 Copyright © ISTJ L gine aoball (3 gia
A g glall 4 gal) Alaall


mailto:m_hkoma2017@yahoo.com

International Science and 27 ) Ryl p glll A0 g

Imtrwaational beimrs mad Taviasiags demraal

;;;2’;21&%‘1‘15‘2?25 Volume 27 ] STJ%

October 2021- x4

dadia -1
sk pe (38lalls Alalil) dpanill Glalliie Gaganl dulesy) Glalia¥) oo Jb 4
ol oLl delin Jlae b gosill 3 2Ll 2 Laa ) ol Zaall Linglsiall
Sy soliey LagSa Dl oL Jio Lualiiall Cilalia) sds Gl (e
Bl (e LA dpans) Sy lin d5ag dre allal Lae ¢l dueliva dojlas
sanall gl b s (el L i 3l Al OIS g cliiall o3 2k
Agsthall 335alls
i HlY OlSdly gl oda iy Jilugy i 3 Lasaldl skl a2y
Liga b luladYly Slulally Caenall Lol ans el 38 4l V) L3LAN) alisal)
1AL apliaal s 5y 8ydlie (S Al dacadiiall cilgal) s2a o1y
e o chpadigl aoliad) 5y callad (e desens @lelal) delia Gula
il slds (Network Analysis Technique (NTT) uall dulail) gl
Project aoliall dsalyes anis isluls «Ghant Chart Technique (GT)
Critical zZall L) wsludy «Evaluation & Review Technique (PERT)
<slals Value Engineering (VE) dwxia casluls Path Method (CPM)
IS8 baiag laadadng 5} & Earned Value Method (EVM) i€l dql)
) Jemi 28 Banwiag degiia plgay Abadil ) ling gopdall G by gy siall
i) (e ope e oblal adiay ANy Tajiie ool (Say lgaans calgal) YT
Loy Dlsall clls davganad Hlaillg ¢ Dlsally o degans ) 2ml) didae g
by )il D Laldl) 2g08l) dgag Crmy ciglly ZAKT 3 Clua (e 4pldahs
sall Garads b ccibleal) igay culld daly dualal) (L) pladiad Yl
2y iy oY) Cllee Cpanty J1Y) A1) Glecal lpeanass salels
(21 iy g5l

145 Copyright © ISTJ il sine waball (358
A g glall 4 gal) Alaall



International Science and 27 ) Ryl p glll A0 g

Technology Journal
i) 3 »hall A 1) Ayl Volume 27
October 2021- ¢S

Imtrwaational beimrs mad Taviasiags demraal

sTa

Al clu -2

QW) gl b alaall 5y clujles il Ay (2011 <pils) gl
Lalall Y Len 1 il ) kg ilasjlas i Cangs - [4] a5
bl B b Allad galy i GLASI & ey copacds 8 olall ¢ Ul
el 5 Cun ¢l aagll i) Auhll Cresialy caladl g Ul ain
Al )l il oyl L alell g Unilly o9 siall Trona (35) ol sbuation lasiasd asysig
Ll gplacdi b alal) o Uil 6 anliall 313 cilislen 8 86l p2e ellia ¢
Gsl asant are g cilogleall Lual) L3l 3 el lling pallall ilesladl
el lad (grie Galiadl Y 6l Las daladd) aoyliall (e 5alifisal)

pagt Ao b (e 8 Lot i) Jalsall i1 2y (2009 ¢ (small) Lald) caal
Oe duhal) Caaa gl Lhlan Gy lagie sy L[S]ajliall (5lay) 61aY)
(Fardall Ll 5aY1s Llall 5)13Y) Cugiced) e 128 (30) o slaiind Dla
1Y) pagit Al Cppuuns & Aot Jalgall s T 3sag ) Aall caalig
onilin¥) Jalsalls Bl clpanall S il adlall Cigal) ulas ol <g)laY)
Blas 850 Ualye calite 8 Lol Ahagioad) il AS5La o g9yl 513 s
s Clajpdall Ao Joanll abay Biluy aladinls gordall §)la) aighs g pial
Lad wlant G (Odadl) Slsall plasial e gopdall Hlaf Jaaty o8l il
b 2lad) GpaS Uty Llaia) g piall 3)la] sedip o(diliadll dadll) clajaal
daga aa e 0S5 Al (g (P Adagiad) lelladl) b Lladlly (Sl daaa
Nede 38leidly 2 g€all ¢yl

ciatl gpall Slall dinla Gulad’ 1glsin (2005 cglad) sl (oAl L s
P e g piall 313 allas polai ) o [6]'Alisy) ajlial) b alil) 4iaa
poliall & el bl Cuinal diliadl) dadll Ay zall bl Ak 3uks
0o Llily pen b o) Calll) e gagia 8 duhall Ciadiel ALy

Deaes Lutiga (204)  lgalsd Zabdll 2e0 Al e ciedy dilan) s Dl

146 Copyright © ISTJ il sine waball (358
A g glall 4 gal) Alaall



A y o gl A0 A

Imtrwaational beimrs mad Taviasiags demraal

SsTI

International Science and 27 JM‘
Technology Journal
i) 3 »hall A 1) Ayl Volume 27
October 2021- ¢S

ADLa)) ol Lpalal) a1 8 50 35m 9 Aushyl) il cpedaly . AL cile g yiall
B L sl & jeend dlling Ailidy) aoliall adll 85l Adlye 5ol
Dbl sl alasial axe G ofy el (B ad) Dledl bl e aolial)
calisall ladl Llee 6 Al o3 alasiol a)liall UWlal) 5)3Y1 (b s z5al)
LaLas) aoplisall Llell 55)3Y) U8 (e dediiss ye (CPM) & aladiiad 7 a3 s

bl (8
pobie b Sl Tadadsg 310" olsian ¢(2009) ¢ AUl (AT dilu Ay s
aSaall Jasdasilly Aasdud) )31 g La) Asaal Shd ) Aahall sda cdaa 7] anl
daalal) Gac) ping dage Jaged L il sl (A9Y) dabiall dlay e 2SN
Glaglaally bl (aiiy cdislaad) Zealyl Jadadill U axey cJaladlly dasl
Cirny cdapdadilly daaplls Galdl) ol elY) 50US & Chaag cdstladll 45alS
eVl s lgae Adadll cleWadlly clessgall calital Jadadnll Jlae & moals
eVl capléiall S daaylly Jaadl) Golead AN Slgiesal] JiaY1 alasiaVy
Yo Jlealy ath gl e 555 ¢ gl Jadadill gl (ge aaly g5 e
L Wl gl uaty dedl) dwxiag Bl aladial Jie (g)aY) Jagadal
Sl Sladly G gy i) Agan il alasial @il (2008) [8]syyal
pal b ) Al cda Gas aolaall Slady ddSally cdgl o dlalid)
Msal) arads 8 cnlled) Gy Calld Laliy Lnall alel) bl alasid
Aan ey Qi oY) Gllee ety JiY) alasany) lecal leaanads salel
Grgasg st ) moalgl) Uy bl cowy LS Jullg &g ydall
Aacfy Jdadnl) dulae )y cdalSally 8ol Julds Cangs 3))gall Lavads b clleal)
Oy eblaall Cigns Lgias Laalall L) aladin) a8 A jaall allas Algasl)
gl axe oy gopdall Bl Lleld o (uSaiy meaaly (S 200l il gguse 3ua
Sle Capally 5alill Galing) aDA (e oS @il eyl ads sl sl gl

147 Copyright © ISTJ PRGN
) 5 o slall 4 50l Al



International Science and 27 ) Ryl p glll A0 g

Technology Journal Volume 27 Ioerrmasanat s et Tostasiag St

PAS
Ay pgnll 45l Alaal October 2021- x5 =>T.1 /\

G dadl ) by ol ally dadadnll cillee Ciaa @lling «5Sie <0 4l
cdanall gl g yiall )

o Al (ggiad) o elgas Ailady) anliall aled o i) cilad )l cojlsl 8,
Lahall alidny . Jalsall e 2l e &30 aag dal) abajl Bl Jld all)
dandig 5aY) Culld Gul 1 e a3 Gus (e Al Sluball ge dllal
b e BNy Lgadls Ao gl Pla (e daall gl cileg i 2in 8
s mdigl) Cullu) o3 ula 8 (YY) andll Gl$Has Jeall Gulass
LAY asbiall L B auldal) §y) cliulaty ciluglas =3

Loading Juailly Scheduling dlsaal) callud Javls 228 (e cuils Jalada ey
Los dualall A5al) g anf — cula (gyin Lgadd My . Laalel) Blall 8 daadiiosdl
cbiiiaally Golaall Jie Gleadll She g deliall & OV Sa aadias cll)
Mo lgahatiad g la ) Sty Ldeasl) Zu )l (L) (e cals Jahie deg
191 1900

s cabaa) Bl 8 T Lnall QL) an) (Sl Jidail) gl
b SAL padds deis A Akl Ll ge Ciae clalal dai Gl
s il e desane Cliwadl) dilgs & Cijels N .GHANT cuila
Jase s ) gl (e (S Cangss «CCPM/PERT bl Lagaaly JlacY)
gl AU Aa3Y) gl (B g piall de so by calital) Jasladtg Algaal by
O LD aigiall gl s Ml ¢lgi Aal) Clilal) yaats ljladY adsial
o Gl A 8 Sl Lo Al e oSa Lagie S o8 QIS (g 5al
V) i e Glacal AP clehal) Masly i) e Cadslly oY) i
) Gusl¥) (e Jana 35a 589 (GERT gl g JaT Cslul el a8y LS
.[10]CPM/PERT

ale  axill s Critical Path Method (CPM) zall jled) Cogled W

e ¥ padialy Gusall B8 g b dyeadl dalid) sl J8 (e 1973

148 Copyright © ISTJ il sine waball (358
A g glall 4 gal) Alaall



International Science and 27 JM‘ Ay y p el Al g
Technology Journal
i) 3 »hall A 1) Ayl Volume 27
October 2021- ¢S

Imtrwaational beimrs mad Taviasiags demraal

SsTI

ity Jarladil 80 pall L) diyla aadg ¢ an 2 ol 82 1975 sl Gl

asty et alis UK sy i) dale alasialy cbateally dediall cile s yéall Ay
Lhatl) b Lals Labaal e of Gasg ) Aadi) desane apaas elad e
BS Aapd ) aaie cBae CallSg dane g b pgpdall L) Y il

Dlse Jsbal 58 zall Sl aaiig [11]zall D) o dadlgl dhaasy) e

A2l Ean e g piall Slady iy ol (3yaien G Ll adf gl AW Pla
Al Gas )

goda Juhii Ly o Ainh psecsi ) leg ydall auiny danlie slal Ciags
Ol S el e A LlSs) e oSy (S8 Polaris g lall £ )
Project Evaluation iglul o galaill i casiasly aaaall sac e b g5 piial)
B8 s ) ol 8 «gyydall 18 & and Review Technique (PERT)
13 Sl Ay (OlelS Cpele Jgn) Opesigall Aacdsy Sl 8yl g5yl
Dl Clyin i ga silady Sl sl OIS o s Slsien Al gl
dgaall e g ydall (o HES 8 aim g3 38 (sl 13 aladia) S~ el
Oslaall aan U8 (e ala35V) 20la sl 8 PERT Caglud of s 40Saally
12130563 £ 83l 535 an Oshalaty )

vy lé Earned Value Method (EVM) duc€all dadll Caglad aodiicus
a3 Cangs ¢ Aadl) Saiall pe 4l laladal) Jaall paa d5lkar ¢ aiall gy ydall el
doncSall Aol Slibs o e 02l ey mmall Sladll Lo gy pdall OIS 13 Lo
o dlin dulee S Gl djan agall e Ol cpulall alasials Bale jha) S
L L

Ry Bame Aia) 5 (8 Tled Said) Jeall daladd) A4S o AasSall dadlls
D e Ahbiad) Ladl) aaa poa3 iy Slad aid) daall Hlall 2edl (ubie
o2 ooy eBadne Lie) B 8 Slad lgie el 5 ) Al AR 00 pan
Budgeted Cost of Work saidl Jlel) &jlse Joann Load 2K
.[9] Performed(BCWP)

149 Copyright © ISTJ PRGN
) 5 o slall 4 50l Al




27 )
Volume 27

October 2021- x4

Ay p p ghal Aty A

Imtrwaational beimrs mad Taviasiags demraal

sTa

International Science and

Technology Journal
ARl g o glall 48 gal) dlnal)

Ladlially il -3

Ll DY .1

e (12,000) Mg A yiil) 2ISH atialisag ¢y disne Gl Jals adiall ok
tadg ¢ iy (480) Ayl dinee i (A Lueadll @81l (o Cany caire
2 Ayl dine Jusi o) @sially i (15) e ST 3 dilaall ) oY)
iy ae Lae Ay Ak aludl 830 e (g5ins LS (e (720) dilpaall JW)
age (1700) Msn ol 2016 sle i ool dalall ol oIS axc
Lex 5512 ST bl (8) 5 daad) sl 1 (13) 220 43 2a05 chliaadll gaen
14.] caitaall Jaad) jpdl aldl sac

Gy (hiuse pgkaly Ailua goyde de o Glasles paks (1) o) Sl Jsaalls
Low) 355 e 350 e sbelly AylaY) 380l el Aalall ASpal) 2wy (535l

Sl ) bl sk dlua g9 pda e 11 Jga
adad) bl Sl &
(2007/106) Jaall A8,
Ll 1, 29,989,019,000 Jixl) daad
e 22 Aulay) el 5ae
oes 8 I agal) 1ad Bae
Ligi 154 10e59 i {14 JRVEV XN
Lag 154 ysei 5 SN a2al) M Baa
22007/7/17 Adgall Slial Al
2 2007/7/17 Jandls el 205l
22009/05/17 ysall el 7oyl
%80.50 5 g el LY i) A

Y Aansa deall Ty LadlSig Lial) 5allg g9yl Aniail eaagy (2) ady Jsanlls

syial JLSY L (21)

150 Copyright © ISTJ

il gine ol 5 ia
Al 5 sl A ) Alaal



International Science and 27 'M’J\ Aall y p ghall 0350 A
Technology Journal —————
43 gl A Al Volume 27

22X
October 2021- s S T -J /\

Leal\Sig A a3l 5aally gy pdial) Adndal 12 Jgaa

Jea dalsal w‘ Ll Cauag e o)
(B53) Lladl
35326.470 5 tise Aacly Hugad A 1
25430.000 4 Fpaigh LibAl aveas B 2
922325.348 7 1 clagygill C 3
15725.249 3 oy el Jleel Az D 4
16438.475 3 Klags alal) Al jall Jlee) i E 5
1412702.72 9 2 claygll - 6
68652.000 5 Clalaia a5y pasl uSaill daje oy G 7
25794.990 2 Gladal JSla S5 H 8
45842.479 1 Glabud) Ciiba Juagig €5 I 9
19304.477 2 byl Juagiy Sy 10
15326.386 1 okl e duagis Sy K 11
12328.453 2 O Cladeal 3100 3505 gl 12
Ciladaiull
13347.614 2 ol Gladaie Jragiy S M 13
17325.487 1 ) Janailly (bl daglaie (S N 14
14513.000 2 (I dl 75 50) Ji Age aS5 O 15
15845.847 2 oAl degliie (1S5 P 16
12947.374 1 Gob o oSl Ay Cilahadl) Juas Q 17
o)l JIsS
13722.535 ) ol cilalaia c 4lHeSl C lvagill R 18
byl
14608.627 3 Cta Gn Ja g Al 40l c gl S 19
oadll Gladaiag Glatal)
70350.000 1 eolsall )] dadail (a5 T 20
14254.743 3 L3 Al A5SHal) dashiall Juass u 21
151 Copyright © ISTJ i gina aoball (3 8a

A g glall 4 gal) Alaall




27 JM\ dgdian y o gl A 50 Ly

Imtrwaational beimrs mad Taviasiags demraal

sTa

International Science and
Technology Journal
i) 3 »hall A 1) Ayl Volume 27
October 2021- xS

Eoydias Aualal) Ladll yo)lally poydial) dey Aalall dgall ulally 33y oyl
lealel (s eand Janll Jlaa 8 Jaail 3 G Lgnans Bial) clasaaill () Ayl
bbb Jolaall HLas) esuy gy pdiall Slady Jaladall Jadll puadill g & il
eVl liall) laal lea cdglal) Cliagatll 8 daadiall dudll <l pall 48,
dgilie ao)lie (e Bala) XS capdall delia 4 L) ColSall (e el

aall JUEY) Gy g e dladil 2 5ae ity (3les Lok

Espdal) Clig<a

s (3) pby dsaall dacage & LS At oo yiall lise 35 4SS i o

G al) Bl yan idinse ki Ailuay alil) (2007/106) a8 &5 piall s2ald
gardal) Slige 29is AAG 0 1(3) s

O Ragiall duwadl Lol okl o
%2.00 600.266.000 eig)) el Jleel | 1
%10.65 3.192.452.550 | N slsall Jasg a3yls argdl Jleel | 2
%2.22 668.328.100 il Jlel | 3
%0.22 266.700.000 salll Jleel | 4
%0.88 567.506.500 Ol Jleel | 5
%1.90 2.841.517.00 Lilgally o Y1 elcsl Jlael | 6
%9.50 2.153.604.000 2 gally lga¥ g dsianall Jlac¥I | 7
%7.18 1.098.502.000 Jlae Vg obualls sl Jlech | 8
%3.66 2.410.224.610 Ajled) k) Jleel | 9
%8.03 10.088.842.940 430,60 JeeY) | 10
%33.64 6.101.075.300 Jlacly desine Jlael | 11
%100 29.989.019.000 | |cisbe (15 ke s dnc kb 1 lanY
ol & ailally gl dia)ll il uilly Aadal) praags (4) o) N Jsaally
gyl
152 Copyright © ISTJ Ak gina aoball (3 i

A g glall 4 gal) Alaall



International Science and 27 ) Ryl p glll A0 g

Technology Journal Volume 27 Ioerrmasanat s et Tostasiag St

AN
Ay pgnll 45l Alaal October 2021- x5 =>T.1 /\

JEal) g pal) Aniil & atllly b Luiajll ially Aadal) 4 Jgan

daa Jlad ol sl &
80 igl) manail Jlact A 1

78 Lalall L) ) sall Jaig A3Y 15 argll Jlect B 2

125 ) Jlac C 3

135 bl Sl D 4

145 N e E 5

95 (play + LD Tailsally bV eLusi€Y) Jlac F 6

116 Aabedd) i)y 2lgilly ey dsandd)l JlacY) G 7
124 lae! sl Cipag doaall JlaeYls slaalls dudsall Jlach H 8

120 Ayl il Jleed | 9
172 LL,eSl Sl 10
160 Casall Ui g Ly AK00lSa 5 56 Jlaely desiia Jlac] K 11
1350

Dl eguy dad) Jasdadil ggus of gl (4)ad) Jsaal) e g DY) DA e
Gy Jslaall Joa 31 5a¥) clagy (1350) caaly lls ggpiall ddaddy ia3l)
Jslaall (sl saall e ) S UL 1345 gl dadal Slaty ane sy
e Ll e SLae V1 8 3A) s Lo 138y L alid) 53] 8 Lasead Aad)
B b Bl bl aladid DA e gsdall @lily dilaty Slasledl)
leg yial) s Jalads (8 Cigalall by aal uliis dajil iy cile g sial
i e (A dadial) lelaall o JSAL puaally L JuSY) galin aladial Gl
e gl slaal) 5Laa) egu (KI5 a5 (1000) (o SST 3 gsdall Sl i)
ol cialy g ggydall alal b ddkid) e saally e ol e slacY)
e} dal in Sak aly e ZDEN el a8 Lt T OIS Tedi 09 s
aasial of Gla ooy Uag g piall die Callal g 2301 clelill dam Gaad) 138
) cllans g e ggpdiall el (e Tos pdall o) (b il calley)

153 Copyright © ISTJ Ak sine qolall (3 s
Al 5 o glall 4 sall dlsall



International Scie

Technology Journal
ARl g o glall 48 gal) dlnal)

nce and

27 )
Volume 27

October 2021- x4

Ay p p ghal Aty A

Imtrwaational beimrs mad Taviasiags demraal

sTa

Bl 5390 (8 allll Lgisaaly dlayall 038 dienaTs Lo g pdall (PAE L elgily dualls
E 5yl

ol L A Lutigh )y cullad Gul

Eorde i b alia) )l Clandiis ilesjles dijaa sad duhll Cilaal gaia]
Gllans e Tody ) s Jols s ©al) (i) oddina gl Aikia
CallS hana e 550 G g g pdall Al s (Sadl) Jidail) aladtidly  cigl) Jaglasnl
il Gl Banigl) 513y callid ol st g daaCal dal) sl g5 5l
(g9 kil ands

GOA Gy i sy Aila gosde o (ol Jdatl caslad Ll
Sleg yha 25 Jlae b gl Glegyda o g OY) (Sal Cun dudpal) gy
e (B 5l (553 Oe Gaedigally ()l e 2aell Alliey (auall ¢ Ual
b3 pen 3 M L ageadl) day o daiall g Uad ayliag Lases eyl 3l
A(5) ) dsaadl lewsiis Lol Allall g9 50 o Lehalaudy Closylaall

Sl (38 Lt dsiagl) cldlly Al L5 Jsas

e flalal) daiss Bl B Ll gl Bladl and | @
600.266.000 65 igl) el Jlac A 1
3.192.452.550 70 I Al Jaig A3 argl) Jlach B 2
668.328.100 95 bl Jleed C 3
266.700.000 112 bl Jlacf D 4
567.506.500 112 S Jlee] E 5
2.841.517.00 88 Lilgally cileca V1 oLy Jlacl F 6
2.153.604.000 102 Blgilly sy dviaaall Jlacy) G 7
1.098.502.000 124 Jonall Jlee¥ s obaalls L33 Jlac H 8
2.410.224.610 114 Al ikl Jleel | 9
10.088.842.940 134 LLyeSh JleeI J 10
6.101.075.300 122 Lo 2lKia g 1€ Jlacly degiia Jlac K 11

29.989.019.000 1150

Copyright © ISTJ

154 s i bl G i

Al 5 sl A ) Alaal



International Science and 27 JM‘ Aall y p ghall 0350 A

iy Tovimsiagy Semraal

ijﬁ';ﬂfi?ﬁi‘i,‘,‘i?fi\ Volume 27 IST-—I/&

October 2021- x4

((FS) daaleall Al e adiny o\ ddaia¥) Jaghass (o (1) o8y SN (pe Jasdly
o gl el Lilaia e 5l ) (631 Las g pdiall aladal (hals o 5gda 14
Ashll Ll sl sda () zlan Y oyl deed) 389 aeall Janadill L) Cua
Juadl 59 gl duigll )3V ool gadas are o Lla Jay Les g piall Slasy
Cosad datigl BIY) aaid ol LS g pdal) il Jasimg Jahadty By sse A
ALY G Aalall Gl Guks 1X JleY) @l

goriall gan (Sal g el o dunxigl 13 ilulans) culld udss DS Gag
Jalds s aie s 3y cal Gacadall (oil) Caa IS Bl (17) ) dasesiiy
as Hlaally Lhal) S Cusy gy phall ag 540 &l Gilly gordall shal JalSs
Ll IS age

2009 2008 2007

12/11)10|/918|7|6|5] 4| 3] 2| 1/12|11/10) 9| 8] 7| 6| 5| 4|3|2[1[12|/11|1W0(9|8]|7

!
|||z |0 |a]s o] |

Jewd oall Sladl e g Lalis (12) o 550 ggpiall 5l e of WS
cgaiall ol 3laB Al e s Gl ulglialls Alleally igall Cam 1o Lgide
ot bl Gagan e RS Balyy Jhlie e aall mald) Sladl e adn il

sl

155 Copyright © I1STJ Ak gias okl (3 ia
Ll g o slall 40 gall Alaall



27 )
Volume 27

October 2021- x4

Ay p p ghal Aty A

Imtrwaational beimrs mad Taviasiags demraal

sTa

International Science and

Technology Journal
ARl g o glall 48 gal) dlnal)

dsaadly el o) 0 A3l Lo o gl Sl B6) Al ) i Lag
bl ey Aadl hlal) aniy ccalad) waat Cangs bl el
Aalial)

Al Al b oSal  Cums T ) gl Jaads (el Blad) 138
gelon plaaials Glee lalsas cufl Ay alially Sl Y1 aal s 3
Al L) Al clpdlly aaddy) Jias Load o5 a . (JusSY) g 5SIY1 Jolanl
Jasf 5 ady e (2) 8 JSAIL (e 9o LS il Lol (85 (6) ) el
et i s gyl dee Slad) bl )l paY ety LLi Sl (o)
bl U8 Ll 11 (6 (goleally deyga Lalis (44)

(audaail) Bale) aay) Mad) (385 Lgd Aall) sally AbiaY) .(6) Jgas

-

sl 35al) Dl / Jalaall Aal<s Llaal) au WS | @
Al Al AR
20 cisall jagas A 1
A 65 600.266.000 panal) Jlcd B 2
A 80 | 3.192.452.550 pagl) Jleel c |3
A 15 1.008.884.294 | RETSVIN Jleed D 4
B,D 115 266.700.000 Lalud) E |5
CB 95 668.328.100 <) F 6
E,F 45 2.017.768.588 PRETVIN Il G 7
G 55 549251000 lasm Jlel H 8
G 70 2.841.517.00 A Jleel | 9
H,l 22 2.410.224.610 | ald dakll Jlel J 10
J 40 549251000 Qinia Jlel K 11
J 40 2.017.768.588 REETSVLN Jlacd L 12
KL 35 28375325 1Dl Jlac] M 13
K,L 22 2.017.768.588 4au S Jleed N 14
K,L 80 6.101.075.300 | iKulKiag56S Jlacl ] 15
156 Copyright © ISTJ L gine aoball (3 gia

Al 5 sl A ) Alaal




International Science and 27 "'\’J\ Aall y p ghall 0350 A

Jommi Volume2l e g N

October 2021- x4
M,N,O 90 28375325 2 DUl Jlaed P 16
P 30 1.008.884.294 55\:\;\)45 Jleeh Q 17

C JeSY) el e Akl 2 N Sl Laladdll gy (1) o3y JW S
Gl J< sabidly 5Kl cligly g pdal) daiil ) el ISl judy Cua
@l ps 540 a5 gasdall Slaty S ally lie JSI Qi) () ) ddlials
goiall (ye) 4ia lag plae LY dial) (1) a5 (Ll 4) Bl ol et (18) s
- (el 4) B maad all Hled) slds (Sl dasl) il Jlas) 2
lgaal s2e il dain Clgin sl g dall gl paps A Gl e dlals

gl 501 Culld )it Chaag Liml) 5yh

EF=E540 HHE
U=lFD L]
Fi ) r e 5 -EFr L3 B8 | HEE

T e slul T T Jugd M

NEERERE TEIE FEEREER

D ] [ K ]

alal [alalm ma] EAESEERE
£ s aud il feald ) \ 2301 ) Bl
JEEREEE TR wlolw wlaln [m]]w

i 8 E / =

alulal {o]a]w o [m 1 wlolal wlolml [s]ofw

\ - A / il Judle f Sk

alulul |mlolm TEE HEEREEE

C f L M 0
alam [fe]m NE EHENENE

Canll g9 piial (Sol) Jandadnl) 1 1) J<a
5y lially 5Suall gV Cleaad JuY) raling alasiiodd @ Slady) 3835 Ae g A ggasly
(7) ) Jsaall ancag LS g9 il

157 Copyright © ISTJ i gina aoball (3 8a
Al 5 o glall 4 sall dlsall




International Science and
Technology Journal
A3l 5 a glall 441 gal) Alaal)

27 )
Volume 27

October 2021- x4

Ayl y p gl A o Al

Imtrwaational beimrs mad Taviasiags demraal

=T.1

X

gosdall Balially Bl ) 7 o8) Jga>

Plalad|gdddd] T2 g
3 3 | oo & j § j 109 E| 3 3
) I I e I S 3 3 9
SL LF | ESjj+tij| LS | ES t | Description | Code | Activity
30 | 60 30 30 | 0 | 30 | &slexi|oA 1
30 [ 120 90 | 30 | 30 | 60 | me=ddwel| B 2
0 [120] 120 | 0 | 30 | 90 Pl Jel | 3
60 | 120 60 | 64 | 30 | 30 | TResdeel p 4
0 |[210]| 210 0 | 120 90 o=t | E 5
30 | 210 | 180 | 30 | 120 | 60 il | 6
0 | 240 | 240 | 0 [210] 30 | 2uSdeel| @ 7
30 330 300 | 30 [240 | 60 | Ths=dwel| H 8
0 |330] 330 0 | 240 | 90 | A8l | 9
0 |360 | 360 | 0 |330] 30 | Whldwel| 10
0 (39| 390 | 0 |360]| 30 | 2k~=dwel| K 11
0 |39 390 | 0 |360]| 30 | 3tuesdwel| | 12
0 | 450 450 | 0 |390| 60 | Amaduel| 13
30 | 450 | 420 | 30 | 390 | 30 | 4o dwel| N 14
0 [450] 450 | 0 [390|60 | =l o 15
0 |510] 510 450 | 60 | DRIdwel| p 16
0 |540| 540 | 0 |510]| 30 | BRuesdeel| q 17

g osidd ) el o dadlgll Ahil) miag (8) A Jul) Jsaalls

158

Copyright © ISTJ

gl 5 sl 2 )l




International Science and

Technology Journal
ARl g o glall 48 gal) dlnal)

27 )

Volume 27

October 2021- x4

Ayl y p gl A o Al

Imtrwaational beimrs mad Taviasiags demraal

=T.1

X

Gl g9 il zall jluall o dadlgl) Aaii¥) .8 Jgan

T3 333 3 3 2 ) » 9
14931313 3 [ 3
SL LF ESjj+tij | LS | ES t | Description | Code | Activity
30 | 60 30 30| 0 | 30 | sl i A 1
30 | 120 90 30 | 30 | 60 | ee=dldel| B 2
0 | 120 120 0 |30 90 Pl Jel | 3
60 | 120 60 64 | 30 | 30 | TRxSdwel| p 4
0 | 210 210 0 |120] 90 o=t | E 5
30 | 210 180 30 | 120 | 60 il | 6
0 | 240 240 0 |[210] 30 | Zexsdeel| G 7
30 | 330 300 | 30 | 240 | 60 | Ths=dwel| 4 8
0 | 330 330 0 |240| 90 | ASidlel | 9
0 | 360 | 360 | 0 [330] 30 | WHdwel] 10
0 | 390 390 0 |360| 30 | 2hsaduel| g 11
0 | 390 390 0 | 360 30 | BRwxSduel| | 12
0 | 450 450 0 390 60 | Eeduel| 13
30 | 450 420 30 | 390 | 30 | 4wl N 14
450 | 450 | 0 [390| 60 | =] 0o 15
510 510 0 |450| 60 | ENdwel]| p 16
0 | 540 540 0 |510| 30 | Bwxsdwel| q 17

oty onll Jldl) luad 2060 Asbeall aladil &5 38,
Float (FI) or (Slack time) (S): LF - EF or LS - ES

159

Copyright © ISTJ

Al 5 sl A ) Alaal




International Science and 27 "'\’J\ Aall y p ghall 0350 A
Technology Journal Smtermtonst s i Tontmelogs Srerend
i) 3 »hall A 1) Ayl Volume 27

22X
October 2021- s S T -l /\

gy dal L fiona ! Yoo Ll fiayh dal
DEIEIREEE [0 50| 0 [0 0| |30] 2|40
D™ [E i [ e
FEIE S EEIE HEE [l o m| [w0] 9|
gl ) Byl e L) / e Budld
IEIEIREIEE TEJE FEIE] CIEE R R
A = B 6 1 P B 0
INENEEIE o [ FINE] al ol [ o]
2 g 100 Jal T del
EIE BRI TEE FIEE
U =y F [ L
alolm] [wlofm IED EIRED

ol Sladl e dadlgl) Al .2) J<a

gasdiall daalyag andi Ciglud

Lplaty) Al laid) Cije ) bl Bl e gl 13a ey
i€ Eua Programming Evaluation and Review Technique (PERT)
SSY Gailly i) el cailinall Gaills oo Lalis SV Asie) ol AU
o alae VL allyy Al Ayl Lladll dgnl DU Gl jak Cus, Ylas)
dilany) clpaall saga juleas a2dB aygill Jaa Clyadi G ¢ dlaa¥) G 4y
Aldl Ui e adidl Gl il s @lldy c@laysll e by e S
il 5oy e ) aisll juss 5 Jes (VANSLYKE)

IS a3l ol lny Algas o5 g phall danlyag aai sl Caslod) ol
cmsa sn LSy Al N abeall Ty (Ylanl JSYI cpailly ¢ J5bal ¢ o3l Lol
(9) & dsally

160 Copyright © ISTJ PRGN
Al 5 o slall 40 gall Alaall



International Science and 27 ) ‘-!“'Jui'“_':-l-'ﬁ' *—*‘-'__.

;;;2’;21&%‘1‘15‘2?25 Volume 27 STJ%

October 2021- x4

(L) 3SY) chailly ¢ AGUR o a3liall) Jalds Jt Aiajl) cpaial) (9) Jgss

bl | dagial) | (abRL Bl i s 3
o’ t b m a

2.778 30 35 | 30 25 sall a3 1
11111 60 | 70 | 60 | 50 pranalll Jlae 2
2.778 90 95 | 90 | 85 el Jlae 3
2.778 30 35 | 30 | 25 1 S Jlac| 4
2.778 90 95 | 90 | 85 ol 5
11.111 60 70 | 60 50 sl 6
2.778 30 35 | 30 | 25 24 S Jac| .
11.111 | 60 70 | 60 | 50 imn Jlec 8
2.778 90 95 | 90 85 LSS Jlee) 9
2778 | 30 | 35| 30 | 25 | Hek)duel 10
2.778 30 35 | 30 | 25 Qi duel | 11
2.778 30 35| 30 | 25 SesS Juel | 12
111212 | 60 | 70 | 60 | 50 iimadel | 13
2.778 30 35 | 30 | 25 Qi S deel | 124
11111 | 60 | 70 | 60 | 50 T
11.111 | 60 70 | 60 | 50 Sl Jeel | 16
2.778 30 35 | 30 | 25 5z eS Juel | 17
55.556 | zall Jludl e il ¢ sane

gopdall Baie b o) e Al daill g0 0 X () s

e 540 (gl ggyiall miad) jlal dad (o bols

Johal) galin alaicl & Gy il o Jpeaally c¥oledl Sladl eyl
a0 (7-454) Gugund) (el Cihai) dad Cielh Cun o(JuSY)) dug 7SN)
Aavie gosial Sladl aus Al 53l Jlas) das o (14.5) &y Jal Jeaally
Jia) Zasiy (&1 as 540 585 zyal) Slsall s g5l lad) Jlain) oIS i
@l ey Ialads gge lia o il Yiaa sen Y L o 13ag i %50 sl

161 Copyright © I1STJ Ak gias okl (3 ia
Ayl g o shell 40 sal) dlaall



International Science and 27 ) Ryl p glll A0 g
mtrmtiomet Sk ek oo e

;;;2’;21&%‘1‘15‘2?25 Volume 27 STJ%

October 2021- x4

(g gtigh sl 3udas Vsl Dl s38 djee (S ¥ S el sa )
Sl Jlaia) Las A8 Ll zall lasal) 30 e 5l asr 540 e Ll A8 LS
(4) a8y Al o patll 5llidl) (Z) skl yluss ic Lla zeaaly 1309 ¢ g 5l

(Z — Table) anball aoigill Jgan 8 835m gall daall aiylalio o dlaleall 038 3l
OSal LY aligg alatialy Alabeal) Gukaisg age 550 die Z dad of W el 2
o lele Jemnidl) Z el syalial dagilly ((1.34) a5 (Z) desd e Jseasl
agl o3y (%91 lad) day gl (0.999) Liglas gb mahall gjsil) Jsan
a3 Gl i oLl Byde dlia OIS g s DS gg il e lgde Jga of o
540 585 zoall Sledd) s Ll Balaadll sadlly Slaid Lstaall sall o3 oy
Dbl Lo Y 85l sagd JiY1 i) ggyda) slal e calkaiy 13gls - (ase

el e ol lgia alal) oo Alainal

bl gl Joand by o piiall Slas) Jlainl Ganss 1(10) Jsas

z X m % Completion
-0.67082 535 540 0.2514 25%
-1.34164 530 540 0.1075 11%
-2.01246 525 540 0.0174 2%

-3.3541 515 540 0.0004 0%

0 540 540 0.5 50%
0.67082 545 540 0.7486 75%
1.341641 550 540 0.9099 91%

A DN Al dan o el Al st 8 16V Bshadlls
aal) 435 253050 Jgans Liadd 431 038 e 315 Planned value adaall 38 il
.Budgeted Cost of Work Scheduled (BCWS)

162 Copyright © I1STJ Ak gias okl (3 ia
Ayl g o shell 40 sal) dlaall



International Science and 27 ) Ryl p glll A0 g
mtrmtiomet Sk ek oo e

;ﬁﬁﬂﬂi‘ﬁéﬂ%?ﬁﬂ\ Volume 27 STJ%

October 2021- x4

JleeY) &jlga Jgans Liadl dall) 028 ey : Earned value L€l dal)
.Budgeted Cost of Work Performed(BCWP) sjadll
Actual jaiall Jaell doleal) 2200 4200 028 e g :Actual Cost dulxdll dai<il)
.Cost of Work Performed(ACWP)
IS il S s e 138 e
Budgeted Cost Work Performed jaidl Jeall 42 =
BCWP = Actual Time x Budgeted Cost
Budgeted Cost Work Scheduled dlall 3ig dal<sl) =
BCWS = Scheduled Time x Budgeted Cost
Actual Cost Work Performed jaiall Jaall Crws dolegl) dai<al) =
ACWP = Actual Time x Actual Cost
oot Gaedaig oDl Lgal) BLEY) 5 ) ¥ oladd) DS (e sl o3a lusaly
Aol aBly Adpaal 530n0 Aia) 55 a2y il (g Qudliad) Ll 8 Aancall Aol
L die dag 38 (Ul Juw Jo pelidl jgdll vie (gAY Callally duasall
@il Aabdall dalial) G A8 WSV Jlea) o gualadl el b cadial
002 (3,922,262) b Al ddsill S Jea) s 0o (3,792,721.55)
okt of LS 03 (3,480,585.55) ity Lpeciall Aol alSal STl Maa) oy
el den gopadl o i L 3 (-441,677.45) paslid) el vie Al
Db poyiall of i lae 03 (7312,136) &l dlsaall (il ol Bageayall Algall (1
Lo ST QRS gyl of i 1305 (0.89) &l 2aal) ol yase ol 4l alas Lee
(0-89) ) iy 4ld &gyl o a8l 5 s JS ke 4l Liad iy 41 58
el el 8 g gyl o i s 6 (0.92) il Asaall ool Hi505 daill (1
ailguil die g ydall 5y0al) S AASY oy L Jgaadl e Halie adly cal b 5 Laa
.d-2(33,794,549.2) by Lusldl el

163 Copyright © ISTJ Ak sine qolall (3 s
Al 5 o glall 4 sall dlsall



International Science and 27 daxd) Ay p glal At jall g

Technology Journal VO | ume 27 )<
i i ISTAT

October 2021- x4

IR 8 7 § 5 4 3 2 1 i fupiadid of) &
30000 30000 0 i
w8 | 28R 570,266.00 @ 8 2
10415188 | 1064152 | 1084152 319245255 0| c i
141243801 1412438.01 kil D 4
83000 | 62900 | 8900 266,700.00 L] 3 5
THiB1 |Jutead | 0 [} 668,328.10 [ F [
[} [ 0 [} 2421323 0| 6 1
0 0 0 0 548,251.00 @ H 3
0 0 0 0 2,841,517.00 L] I ]
[} [} 0 [ 241022481 k1 b |0
[} [ 0 0 549,251.00 w |k | n
[] [ 0 [] 2413223 k| L 2
[} [} 0 [} 215360400 &@ u 13
0 0 0 0 2413023 0 N il
[] [ 0 [J 6,101,075.30 & 0 15
o | 0 | 0 | @ 567,506.50 W | p | ®
0 0 0 0 141243801 0 Q 1
140163 | 5006024 | 5471860 | 5362060 | 52060 | 5205150 56 | ATSRTRASE | 2128570 | 1664418 | 600266 | ME1m | 30000 ) 0 Aaai ) Ak
6420085 | 0R3507 | 5782051 | S670817 | Sseases | Sesasee 2000031 | 1820576 | 710386 | e | s i) 5 il
4504011 | 4520405 | 4396830 | 4346825 | 4280150 | 4108604 56 | 148088868 | 2042082 | 1006246 | 2013 [ssme0| 2000 Ay ) Al Al ARG
1826074 -1e63012 | -1agsz21 [ -1azasee -1zamias | -roarmon 5 | Sanemnas | -sseono [ oase [ e [amssnt | arn | Ll i M ik =KD 540
1546176 | 1285528 | 1085030 | 1036135 | 1013810 [-1onass.0n | 3238 | -enesee | srerz | iz | 2oeseat | 2mo0 i) A 4 it il
o | ot [ ow | om | o081 | om0 om | o5 | os | os | om 01 | A D Ll Al il o) 20
or2 | om | 0w | o | o | om 08 | o7 | o060 | 041 | 0 006 | bl A 4l LK = AU o1 pS
+1909255] 40358054 19526060 30123327) 19016494 39170094 4| SRR 42561911 50262410] 13934188 125400237 009265771 = R U

ool gl die ISl Tasca ol LAl Aol s (4) S

2 s Boledlly LAl Alaladll 46K a8 linie cp (5) o8y S ISl
a3 (@S yal) Elpenn iiian yghiiy Ailia g sl B)sShal) Callall Jalail) 3l
lgas «ualall el die Cad\Sal) Javal Gy daladdl) Algaal) e alieg delil)

Albhis s b g CihaiV) maal Alled lelya) Masl Gl

5000000

4000000

3000000

2000000

1000000

0

ooldl gl v Auladlly LucSally Albadall S o8 i 3(5) JSE

164 Copyright © ISTJ A gina aiball (5 i
Ayl g o shell 40 sal) dlaall



3,30 gt gt g

Imtrwaational beimrs mad Taviasiags demraal

International Science and 27 J-\’J\
Technology Journal
i) 3 »hall A 1) Ayl Volume 27
October 2021- ¢S

SsTI

£

@

)

S 8 bl oSa daadl 13 L) Jeagil 5 ) bl aal g

& Raeigl Cullll) subs Laaal @n Y gyl Bl of il oy
leaal ag gasdall lga Jaskas sser ) (6ol Lo e pitall Jasadsy 5]

r el 3)sall
goriall oy Jalis ) (g35 dnaril) 31 Cullil Gkt of il g il
22 e Y hed 18 L) 4l 5 38 ggyiall ) of Taaly iy (5305

e

CosbalS gl RS e BB ) Asaigh BY) e ks s

iasSall dagdl)
93 ol Jlad) ) el ) (g5 atigh 5laY) callid slasial ()
gyl agag ddSH) il o

Sl ) Qs g il Al s 8 agud Jlee) St sl
-& 9 il

il G L) aal e e Al el Gustad of bl sl LS
c S sl (a) 2T S dalas

gosdall Slad] dallan) das 3 8 gopdiall danliag i Caslad pgud
(2) radall woisil) Jpan e slaie YU elldy (Al Ak

e CallKill paatg Calaty) Gald 8 Allad 8] A€l Al Cglad aay

gelgil Cabida

Jali 8 dersiondl) diaall daalall Culli) e Gaall Jaa bl Ciglad] aay
Shas) B LA (e sl Lea pgae il U Gulglaal) o ca)all
goialls Cagaiall Calsiall b uaysall sl ol

1

165 Copyright © ISTJ Ak sine qolall (3 s
Al 5 o glall 4 sall dlsall



International Science and 27 ) Ryl p glll A0 g

Imtrwaational beimrs mad Taviasiags demraal

BT voume2r  FET A

October 2021- x4

Ganadigl) L) ol dsaals g pdiall H iy paai o Jaal
cSileg pdall Jasdadig 5 4

ey g9l ey il Cangs daigh 12Y) el ks e Jaal)
aglal

Jaliig g g peial) o1l anentl AuiCal) Aol dsdin ashadd e e Jaad)

cileal) Al Caia g daal)
Al Wl el Jaalill Caslad e pgpiall 8] Canyig poaniti e Jaal)
goialls Cngaiall Culgiall of cpnysall JmdY) ol SLaR) (8 590 (e
gopia) dhal yaan 8 s e Al W JleeY) Glus gl ks
goxiall Sl ey Jidas

CosblS Dpuarigh L) e moaiil) delia 8 cplalal) Gupsig auais
Oo) 2T Lealas il (g3 Callul) aal (ga Ling (53 zoad) ledll
LSS g gyl

Sla) Allain) dai a5 Cangs gl dnabiag pus gl agud ke
(Z) skl sl Joon e Tolaie) g5yl

Gl e daall Ul cile g yiia iy 8 Halell aal) Jaailly capsill

Jaa plaig calluds awtigl) 8)3Y) clgaly cillly Zaall Jaadal) 3yl
haladly Calls

il BaclE g daaals lall elyie dae i Byg pams il aag WS
Agargll Gle g ydall

Slua gil)
1

el

(2018_ g e ¢ guiesy s il cpmipamy dils e caipen [1]

casilly Lall el ) rolee cayliall ) bl

166 Copyright © ISTJ Ak sine qolall (3 s
Al 5 o glall 4 sall dlsall



Ay p p ghal Aty A

Imtrwaational beimrs mad Taviasiags demraal

sTa

International Science and 27 JM‘
Technology Journal
i) 3 »hall A 1) Ayl Volume 27
October 2021- ¢S

Aaalel (5030 1y (Al Laadall cqyliall 0] 2012 . Chasgy 2aal ¢cpaga [2]
Olee caiyslly Haall

Agmalad) 51 (BN dxidall e ylisall Algan 519 . 2016 - (3855 35ane ¢ ol [3]
Sl ¢ panll

OS] g Uad 8 asliall )la) ilijlas dalas’ «(2011) 28 saals cpils [4]
Axals Llal) luhall LIS canigh 3)2Y) 8 5y5d00 j fiwale Ala 38l
bl ~ sl

pasi Ao ld Gt (8 Lagl i) dalsall ST (2000 a9 Jal (sl [5]
B RIS ) dee aliiall o) (8 iieenle Al "aliall (5131 el
bl b Aupell BaalY) 3l

[6]Suliman, Samer Ali, (2005), "Implementation of Critical Path
Method "CPM" for Avoiding Construction Projects Delay
Problem", A Master Thesis Submitted to the Engineering Project
Management, Libyan Academy, Tripoli..

b S Ladasty 510" ¢(2009) diline ) ¢ sSlg 33y e (S [7]
LGl colas daala ([4] saad) ([15] alaall cdxigh Alae "andil) ajlie
Gy g pdal) Algan ulld alasiad’ ((2008) sale 2ene slaa «(giliall [8]
(Rl agaall Alaa "aliall Slay AdSlg gl oy Alaliall 8 zsall laally
B yucad

Gl pasal (2020) die o) cnte ey ally sanl ilas cdagSa (i [9]
asall Lol Alaal) lgallSs danims awdill gl elal (ala) LecaSal) el
2020 ¢gsalsy [22] aaall casly

[10] Kerzner, H. I. 2006. Project Management: A System
approach to Planning, Scheduling, and Controlling”, 9" ed. John
Wily.

167 Copyright © ISTJ Ak sine qolall (3 s
Al 5 o glall 4 sall dlsall



International Science and 27 'M’J\ Aall y p ghall 0350 A

Technology Journal Volume 27 Ioerrmasanat s et Tostasiag St

AN
il gl ALl Ko October 2021- x4 S T J /\

[11] Suliman, Samer Ali. 2005. Implementation of Critical Path
Method "CPM" for Avoiding Construction Projects Delay
Problem. A Master Thesis Submitted to the Engineering Project
Management, Libyan Academy, Tripoli.

Al daglall candall Glegyie 53 2013 . Sldlae el (Dladlae [12]
Sl caygilly aall Lualall

eobiaal b dedl) devs Guls (2019 caaal diallae (uaa [13]
L)sgar (hgeaiall daala candill 5l A5 Hsdie e yiwale Al il
Ayl s

2021 <iilyan bl Sl cpilasall 93 55030 [14]

168 Copyright © ISTJ Ak sine qolall (3 s
Al 5 o glall 4 sall dlsall



International Science and 27 Jm‘ L g gl B0 550 g
Technology Journal
i) 3 »hall A 1) Ayl Volume 27
October 2021- ¢S

Imtrwaational beimrs mad Taviasiags demraal

sTa

Gl a0 68 Al 3413 aladiady alail) il o adll) alail)

Sradll il o Fgaldl aulillsd ) se ! aagl) Aaal) seaf
Tanigl) LK — L) yrea daala. 1
Slaid¥) Al daals 3 calai®¥) Al daals .2
Ahmed.rqibi@sabu.édu.Ivl,albalazsi@zu.edu.Ivé,ali.shafah@zu.edu.l
y

: pailall

JEY) ) Ll Il el Slessge G sasall plaal ibgll Sl Caagg
(OBE) gitail) e &3l alail) 73503 ) sl Goyaill ala gs (o Ly
Gl axe () el Jle adad ) JsasliOutcome-Based Education
Aadd B (sl Jadl pdail) Sliange el b Bgnall daadeill syl
Gyl ciaal (e s e daadad Cilajie gl G jpeadl) mlla Blay il
Lagie diph & Ssapall uleall 335 dpadlad Cilajia ) dseash) 4 aalas A
Ol alet il (e Jle (sgisn (Ao Jgeand) M 255 S milill e Gl ol
sloach il 8 Abiaially doaleill dlaall (pe Cpiioal] paeal Alladll A Ladllg
elow (JEall Jass Aad o 551 el Thaly calally aladl g Uadl) ¢ upaill disa
¢ OUall danills daialy Bysaall (5% O ons cabatl) alind) ol il (g e
2 pladl e halh 050 S llall Auills age 52 Lo Bgeall 220 Caal Cus
dongie 8 Lt Al palial) spanty Gl el iyl sl ) saal elgd)
elgmaal A jall alatl) 45 st : pealiall 038 (g calaill Gilajiae Jo A0 alal)
Bgapall i) g dngall sl Gylag plailly Ganpill iy maliall pracss
aailly Gl ddadal 8 5elid) B3laall Aol Lingie a3 Cage All o2
Structured Dliuy) 4a Guliy DA e @bl aelg alas 5l aladiul avilly
z 3saks Baxall Bgapall il yiiall Tadg bl aclsd salie ) j24l Language Query

169 Copyright © ISTJ Ak sine qolall (3 s
Al 5 o glall 4 sall dlsall


mailto:ali.shafah@zu.edu.ly
mailto:ali.shafah@zu.edu.ly
mailto:Ahmed.rgibi@sabu.edu.ly1,albalazi@zu.edu.ly

International Science and 27 ) Ryl p glll A0 g
mtrmtiomet Sk ek oo e

;ﬁﬁﬂﬂi‘i%ﬁ%ﬂ Volume 27 STJ%

October 2021- x4

i dnals —dadigll LS — Gilasheal) Ly V) Gulall duvia sy 33520)
Bagall Dlle culs i Gaearl
contll calaill ¢yl cxaliall ((OBE) bl e aflall aulenll :dubdal) cilalsl)
.SQL
Abstract

The National Center for Quality Assurance in Higher Education
Institutions in Libya seeks to gradually move from the traditional
learning approach to the Outcome-Based Education (OBE) model
to achieve Intended learning outcomes. The success of the outcome-
based learning methodology leads to obtaining a high level of
student learning outcomes and the active participation of all
beneficiaries of the educational process, represented by students,

faculty members, the public and private sectors finally parents.

In another side at the level of the course or the educational
program the picture must be clear for the students, this picture
describes what is important for the student to be able to accomplish
after completing the course or educational program. Therefore, we
need to identify the basic elements that contribute to a learning
methodology based on learning outcomes, and these elements
include: determining the learning outcomes to be achieved,
designing curricula, teaching and learning mechanisms, and
evaluation methods directed towards the desired results, obtaining
continuous improvements for courses and programs. In this paper,
we will present the methodology of using constructive alignment in
teaching, learning and assessment activities by applying database
management systems by using Structured Query Language (SQL)
to the course introduction to database system, according to the
desired educational outcomes prepared in advance, at the University
of Sabratha -Faculty of Engineering - Department of Computer and
Information Technology.
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1. Understand user requirements/views

no

Understand existing and future data processing needs

3. Develop an enterprise data model that reflects the
organization's fundamental business rules

4. Develop and refine the conceptual data model, including all
entities, relationships, attributes, and business rules

5. Integrate and merge database views into conceptual model

S

Apply normalization techniques

7. ldentify data integrity and security requirements
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Assessme Description Assessment Verb
ntid
1 Remember Choose, Define, Find, Label, List,
Match, Recall, Select, Show, Spell,
Tell, What, When, Where, Which,
Who, Why.
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2 Understand Classify, Demonstrate, Explain,
Extend, lllustrate, Interpret, Outline,
Relate, Summarize, Translate.

3 Apply Apply, Build, Choose, Construct,
Develop.
4 Analysis Analyses, Assume, Categorize,
Classify, Compare.
5 Evaluate Appraise, Assess, Award, Choose,

Criticize, Evaluate.

el lbigin (a (Sgianns daalel dnyie IS Jayy dasacat o (o3 AUl (3is Liad
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ID Outcomes Course Assess ID Assess
Description Code Description

21 | Understand user CET440 1 Remember
requirements

22 Understand CET440 2 Understand
existing and future
data processing
needs

23 Develop data CET440 3 Apply
model and business
rules

24 Develop and CET440 4 Analyses
refine the conceptual
data model

25 Integrate and CET440 4 Analyses
merge database
views into
conceptual model

26 Apply CET440 5 Evaluate
normalization
techniques

27 Develop data CET440 5 Evaluate
integrity and
security
requirements
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21 Understand user CET440 1 Lecture
requirements

22 Understand existing and CET440 1 Lecture
future data processing
needs

23 Develop data model and CET440 2 Lab
business rules

24 Develop and refine the CET440 4 Case Study
conceptual data model

25 Integrate and merge CET440 2 Lab
database views into
conceptual model

26 Apply normalization CET440 1,2 Lecture +
techniques Lab

27 Develop data integrity and | CET440 1,2 Lecture +
security requirements Lab
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Abstract
This research aims to make a comparison between two methods of

discrimination or classification, namely the logistic regression
method and the method of discriminatory function, and this
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comparison was made to compare the two methods, where real data
were analyzed from public schools in Al-Khums — Libya, and this
sample was chosen by the method of cluster random sampling by
distributing forms the questionnaire was given to 199 male and
female students with and without H. pylori infection, as well as
some laboratory analysis was conducted for them.

It was considered that the infected and uninfected children as a
dependent variable, while the variables that were identified after
reviewing some pediatricians were considered as independent
variables. The overall classification ratio criterion was used as a
criterion for comparison, and the study concluded that the proposed
models gave identical results in terms of the significance of the
effect and the importance of the independent variables included in
the analysis, and that the logistic regression method gave a better
classification rate than the discriminatory function.
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-2 Log Coefficients
Iteration | 1Kelihood [Constant| X1 | X2 | X3 | X4 | X5 [ X6| X7 | X8
1| 113890 [ -3.096 | -.005 [ -.069 [ .204 [ 0.512 ] 0.051].009] -.010 | .060
2| 94766 | -5.809 | .015 | -.145 [ .452 ] 0.880 ] 0.048 ||.041] -.018 | .184
Step 1| 91046 | 8.479 | 054 ] -206 | .688]1.118]0.000]].091]] -024 ] 343
4] 90712 | -9.782 | .082 [ -225 [.797 | 1.215]-0.026].118] -.026 | .425
51 90707 | -9.960 | .086 | -226 | .812 | 1.228 |-0.030][.122] -.026 | .436
6 | 90707 | -9.963 | .087 | -226 | .812 ] 1.228]-0.030].122] -.026 | 436
70 90707 | -9.963 | .087 | -226 | .812 ] 1.228 |-0.030.122] -.026 | .436

llyg alacY) Y Al clidal )&l clysall 1o 8 (2)Jsand) @lily o
o) e alae ¥ Y Ay ple sl Chaca lad dad il e Jguanll
e Ldgy 90.707 a5 dad B o dald) 550 5 lileans 33 olleall (JidY)
adl Lgallan Upsiely ccDlalaall o illg b i Lo Liliass WY 55000 o2a
Leadlid) Algladl) die i dlaad) (f Jaadig callaall lgde Jgumnll Koy Ao
Jan B el lly 5,2 Alglaall G A oY

iz dsalll 4ginal Chi-square JLad) mili .3.2.2
gisalll diginal Chi-square jLad) .3 Jgaa

Chi-square Df Sig.

Step 34.675 8 0.000

Step 1 Block 34.675 8 0.000
Model 34.675 8 0.000

Gisa dig 8 s dapd die 2=34.675 e o (a5 (3) Jsaall il
) a1y (0m0.05) Ausinall (Gien (3a real gag  (519=0.00) disine
tHO)g5in e z3saill) dojall duia il

53 4k 5 () SlasY) z3saill of (gl (HL grine z3gaill) Abad) Jsds
G aalan 5 il Wl 2 3sall 8 chaid) o e Jy Lee Lgins dilan] AV
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as (4) Joi> Cua zigalll 3aga L3N Chi-square Lid) gl .4.2.2

:dlld
Tloall) (Allae) (38155 asa JLISI 4 Jgaa
Step Chi-square Df Sig.
1 8.698 8 0.368

ey 8 dup days ie 2 = 8.698 dad o) gl (4) Jsaadl iy (e

185 (0=0.05) dsinal) (s5imn 30 Sl 5 (sig = 0.368) dsine (g5icne

J gl A(Ho :bball sillae 7 3gaill ) dujiall docayil) Jod Jin
i ULl Sy gz 3pal) o iy 1305 Aahal) il Glae Slasy) # 35l
Jsandly lan Jase A giall sy 500 L) asdl) (p DAY o Aaadle pe lan
b G (5) &)

(sl ¢z dgaill daBgiall adl) g BanLiial) aglll .5 Jpn

Glas & clas
claalial) Aad | Aadgial) Aedl) | claalial Aed | dadgial) Aoy | VOt
1 19 19.842 1 158 20
2 20 19.753 0 247 20
3 20 19.660 0 340 20
4 20 19.544 0 456 20
5 19 19.450 1 550 20
6 20 19.208 0 792 20
7 19 18.762 1 1.238 20
8 18 17.943 2 2.057 20
9 14 16.161 6 3.839 20
10 11 9.677 8 9.323 19

2 paadl Jalas .5.2.2
gisaill b AN Clpiial) ki .6 Jsia

Step | Log likelihood | Cox & Snell R Square | Nagelkerke R Square

1 90.707 0.160 0.342
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% 34.2 s> oy zasaill b AR chaiia) GF i (6) dsaall e
Cox & Snell R alasiul: % 16 5 Nagelkerke R Square Jales alaaiuls
Gilaie I 3ga3 Ay sl sl il 8 Giass Al @il e Square
el B dnyne ye A

gl Ciiuall) A .6.2.2

3anall yia cbian yuad) JULS poncall Cavieatl) doas Gy (Y o2l
(rnsal) Chiuailt Aygial) dsaad) ) 3 gl Cigiea BoliS .7 Jgia

Observed Glas wlas Percentage Correct
Step 1 Glaa e 176 4 97.8
Glaa 14 5 26.3
Overall Percentage 91.0

The cut value is .500

05K (s Ll JRL monal) il daas o ey Galad) Jsaall (g
a.mj&;ga%z.z iy i il il dus % 97.8 <l 5aedl)
Caiaal) Ly %26.3 cialy sanall )i Cpubiadl) JUia M monall Capial

b 8 il 3 AN s A S o 8 %73.7 il manaa )

. (%90.0)

(Gadl) Jadadl) 3.2

ol LS Al i) dsine waat i) e giall 12 b o

tAliial) Cfpitial) dygine Haa3.1.3.2

Wilks'  Gubie o (gginall LE0I s il puaial digine yaat & adiad

o gsing GV (spine Ll 53 e Jadl iy Cum (F) iy Lambda
(F) 14a8 S
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(F) od) ad gy .8 Joa>

il Wilks" Lambda F
X1 0.999 0.127
X2 0.956 9.134
X3 0.988 2.340
X4 0.806 47.50
X5 0.979 4.245
X6 1.000 0.080
X7 0.999 0.266
X8 0.993 1.351

Jriall Z)la JSY) e 2ae iy @lly (X4) Lusaad) of Ll (8) Jsaall e
Wilks' ) 3 aad Jal 5 (F) Jaad Sl o gy 4V clysndl aal (e 5
(X2) Luall daa¥) 8 ady ¢ Vgl e (0.806) 5 (47.50) Lay ( Lambda
Wilks' ded caby (F = 9.134) ded caly Gua Jilall jee iy 3l
il Al Gl WY1 e Jiar @llg ((X6) el g .13 (0.956) Lambda
.(Kar o ST Wilks' Lambda des el Ko Lo 3l 4l (F) e oY

;AN Aggina LA .2.3.2

Wilks' Lambda (sbie alasia) &y Ldadll sheall Jlsall digina lodl
Ay e (9) Jsanlls

(Wilks' Lambda) 4l dygina JLid) puags .9 Jyas

Wilks' Lambda Chi-square Df Sig
0.791 45.239 8 0.000

& (0.791) @by Wilks' Lambda Jlaal dad of coiis (9) dsaadl e
o Jial (25 (0.000) A2 (gginas (45.239) (gl (5IS pape A culS pn
Agiginag Ljuall A sagn Je Ju ey (a = 0.05) Lginall (s5ine
1dghadl) Baaal) Jlgall (985 .3.3.2

Aghnn zadal 5 AN dugine Lidls (geieal LI 3 ol ysial dand ey
Al G (10) Jsaadly < leleall
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4badl) Shraall Jlgal) COlalaa giags .10 Jgin

) piial) (1) as
X1 -0.010
X2 -0.145
X3 0.425
X4 1.067
X5 0.107
X6 0.018
X7 -0.022
X8 0.125

Constant -3.077

: VIS Saadll A AL (Kap (10) Jgandl DAa (e

Y; = —3.077 — 0.010x; — 0.145x, + 0.425x3 + 1.067x, + 0.107x5
+0.018x, — 0.022x, + 0.125x4

(B2l 4,5y Ll i) juaadl s Y Gas
Biaaal) Al Clyieal il .4.3.2
Jaally anal) )iy cplan ually Oubeaall U paall Cavieail) daws il
Ay o (11)
(o) iiuatll dygial) ducadl) ) g agadll Cidiaal 5eliS .11 Jgan

Classification Table

Observed lae e las Percentage Correct
lae ye 156 6 96.3
Step 1 leas 24 13 35.1
Overall Percentage 85.0

The cut value is .500

1o gl (11)dgsad) o
%96.3 iy saxall 40,5 (pbias il JWbd mosall Caialll dusi @
3.7 by maaia il Ciall A
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Abstract

This study presents the results of testing the sensitivity of one of
Edge Defining Techniques to the roughness of the surfaces of
mechanical works. It is one of the low-cost computer vision
technologies. An aluminum alloy was chosen for its high reflectivity
of light and easiness of machining. The samples were machined with
different under different cutting variables to get different surface
roughness. An economical digital microscope with 5-50 times
magnification was used to input the samples to the computer. The
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samples were sorted, then processed to determine points that are
located on the edges of topography of the sample’s surfaces by using
Prewitt modulus. Then the rates of calculated edges were linked to
the surface roughness. The method showed promising results,
although the results were affected by the direction of the specific
edges, which opens the way for further research.
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Abstract

Soil fertilization is one of the most important means
to compensate soils from the loss of necessary nutrients for plant
growth, and improving soil properties, which leads to increase crop
production. In this study Lettuce has been chosen because it is one
of the most productive and consumed leafy vegetables in different
parts of Libya due to its high nutritional value, while the sandy soil
was chosen due to its light texture, good ventilation and moderate
alkalinity. The aim of this study was to determine the effect of
adding coffee powder as fertiliser on soil properties and growth rate
of lettuce plants. The soil was grouped into three groups, the first
group was without fertilisation, the second was fertilised with coffee
residue powder and the third was fertilised with fresh coffee powder.
Lettuce was planted in 8 replicated pots for each group. The
germination period lasted about 10 weeks, and pots were placed in
the conditions of the external environment. Different studies were
applied for the used soil including morphofield aspects of
morphological description (the type of horizon and hue), the
physical analysis (Texture, Structure and bulk density) and the
concentration of calcium CaCOz. Moreover, soils were chemically
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analysed for (PH, EC, N, P and K). Growth parameters such
as (Plant height, number of leaves, fresh and dry weight) of
lettuce were measured. The results showed that the addition of
coffee powder as fertiliser caused noticeable changes in soil
characters, which clearly affected the growth stages of lettuce plant.
The best growth rates were obtained with unfertilised sandy soil
compared with the other types of soil. The soil fertilized with fresh
coffee resulted in decreased number of the leaves, while coffee
residue powder resulted in significant decrease in plant height,
which subsequently, stopped growing and died. Comparatively,
growth of plants seeded soil without additives increased in a
noticeable way. Therefore, this study suggests that fertilising with
coffee powder may have a negative effect on some of soil properties
and consequently the growth rate of the lettuce plant.

Keywords: sandy soil, fertilisation, coffee residue, lettuce, nutrient
elements.
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Abstract:

This paper deals with the effect of the pipe roughness on energy
losses, as it has an important effect on the process of transporting
and supplying water, because of its impact on the amount of losses
resulting from the friction between the water and pipe walls.
Where a case was studied for a type of pipe with two different

roughnesses, One is soft (1, = 0.02905), and the other is coarse
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(4, = 0.07165), and several attempts were made to find out the

effect of the roughness on the total head.

The study concluded that the greater the amount of roughness of the
pipe wall, the greater the amount of friction loss, and thus the greater
the amount of energy loss.

This study recommends care when choosing the type of pipe used
in infrastructure projects, in terms of hydraulic efficiency, which is
directly affected by the roughness of the pipe wall.
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Abstract

The energy of the reservoir uses to rise the production to the surface
from natural flowing wells. The energy source is the reservoir
pressure. The pressure that makes the crude oil from the reservoir
flow to the bottom of the well is known as the flowing bottom hole
pressure. When bottom hole flowing pressure is relatively high, the
pressure can raise the oil to the wellhead, and even into the gathering
manifolds and the separator.

In addition, with the rising oil and gas flowing along the wellbore,
the pressure will gradually reduce, and the gas will be separated out
and expand its volume.

This study focusing on the determination and analysis of the natural
flow characteristics for four wells in Intesar oil field using PIPESIM
software. The data and main tools for this study have been gathered
and prepared for the completion of the calculations which include:
the PVT data analysis, well completion configuration, well model
and results investigation for the build of the natural production
system network from the reservoir to the separator. Sensitivity
analysis will be applied for this study to optimize the best operation
properties. The main findings from this analysis are that, increasing
tubing inside diameter results in increasing of the maximum value
of the flow tare but this value must not exceed the value of the
erosion velocity of the pipeline line material.

Also, software calculation gives more accurate results than the
manual calculations.

Keywords: reservoir, natural flowing wells, Intesar oil field, tubing
inside diameter.

1. Introduction

The Inflow Performance Relationship describes the reservoir's
ability to transport hydrocarbon fluids to the wellbore (IPR). Under
a given average reservoir pressure "pr," the inflow performance
relationship of a well is a relationship between the bottom-hole
flowing pressure "pwf" and the well production rate” Q ".[1] In a
single-phase fluid flow network, the interaction between the various
parts is commonly defined in terms of two pairs of variables:
pressure and flow rate, and temperature and heat flow
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They are instances of pairs of effort and flow variables, which are
important concepts in the engineering area known as systems
dynamics. [2]

The inflow performance relationship (IPR) for a well is the
relationship between the flow rate (Qo), of the well and the flowing
pressure of the well Pwf. In single phase flow this is a straight line
but when gas is moving in the reservoir, at a pressure below the
bubble point, this is not a linear relationship. [3]

Oil production uses the energy of the reservoir oil to spray the oil to
the ground. The energy source is the reservoir pressure. The
pressure that makes the crude oil from the reservoir flow to the
bottom of the well is known as the flowing bottom hole pressure.
When bottom hole flowing pressure is relatively high, the pressure
can raise the oil to the wellhead, and even into the gathering
manifolds and the separator. In addition, with the rising oil and gas
flowing along the wellbore, the pressure will gradually reduce, and
the gas will be separated out and expand its volume. The elastic
expansion energy of gas is also one of the energy sources of the
natural flow. [4]

2. IPR (Inflow Performance Relationship)

A mathematical tool used in production engineering to assess well
performance by plotting the well production rate against the flowing
bottomhole pressure (BHP). The data required to create the IPR are
obtained by measuring the production rates under various
drawdown pressures. The reservoir fluid composition and behavior
of the fluid phases under flowing conditions determine the shape of
the curve. [5]

Considering the performance of oil wells, it is often assumed that a
well’s performance can be estimated by the productivity index.
However, Evinger and Muskat pointed out that, for multiphase flow,
a curved relationship existed between flow rate and pressure and
that the straight-line productivity index did not apply to multiphase
flow. The constant productivity index concept is only appropriate
for oil wells producing under single-phase flow conditions,
pressures above the reservoir fluid’s bubble point pressure. For
reservoir pressures less than the bubble point pressure, the reservoir
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fluid exists as two phases, vapor and liquid, and techniques other
than the productivity index must be applied to predict oil well
performance. [6]

Figure (1) below illustrate the main pressure nodes tat used for this
study.

Gas

Horizontal
Pwh  Flow Line Liquid
= | ——

Wertical Tubing

—=— Casing Annulus Isolation Packer

Figure (1) Flow Path and Pressure Nodes from Reservoir to the
Separator.

An IPR curve is significant because it represents the reservoir fluid's
capacity to reach the well bore. In other words, it depicts the link
between reservoirs and the fluid deliverability of well bores.
2.1 Factors affecting inflow performance relationship (IPR)
Skin, either as a result of formation damage or stimulation
An increase in oil viscosity as pressure decrease and gas is evolved.
Shrinkage of oil as gas is evolved when pressure on oil decreases.

The factors affecting IPR will alter as a consequence of drawdown
changes at constant values of average reservoir pressure declines
due to depletion, or as a result of drawdown changes at constant
values of average reservoir pressure falls due to depletion. [7].

3. Methodology
In this study, PIPESIM software was used to complete all tasks
and cases to apply the nodal analysis in the study wells to determine
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the best operating point and to predict when the production phase
will be turned into the artificial phase as result of non- intersection
between the IPR and OPR curves.

The steps for the software calculations include the PVT data
inputting and matching, well completion configuration, IPR and
TPR investigation and surface network production system analysis.
All of these tasks will be done using PIPESIM software.

4. Overview of the Studied Reservoir and Field Location

The Intisar hydrocarbon reservoir is a carbonate reef of Paleocene
origin with no appreciable flow barrier. This is an under saturated
reservoir with an oil of 40 °API and solution gas oil ratio of 1446
SCF/STB. The reservoir, is at a datum of 9,000 ft SS with an initial
OOIP of 1.76 billion stock tank barrels and initial reservoir pressure
of 4,257 psia. [8]

A series of very successful reservoir management strategies have
been applied in order to optimize and increase the production
capacity and reserves. So far 69.2 % (1.2 MMSTB) of OOIP has
been recovered mainly due to implementation of an EOR
project.The field and wells location are shown in figure 2&3. [8]

Glulfiefi Sint Cyrenaica
Platform

Intisar Oil Field

| Troughs
] Platforms
| Volcanic

L_] Waha Concessions

@ Oil & Gas Fields

N\ Maijor Faults
40000 (Amler NOC. 1981) o000 Ll e 1300000

Figure (2) Intisar Oil Field Location
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Figure (3) Location of the Study Wells

5. The Available Data

At this study, 4 oil wells in Intisar field have been used for the design
of the production system in the natural flow including the
determination of the out flow and inflow performance relationships
with the choke size determination with the bubble point pressure of
3301 psi, table (1) lists the main available data.

Table (1) The Available Data

GOR |Tubing | Well J J Pr Pwh Choke bean | Thickness
(Scf/stb) | size |depth |(bdp/psig) | (bdp/psig)|(psig)| (psig) size Of the
(in) (ft) | Pwf<Pb | Pwf>Pb (inches/64°") | Pay Zone
(F)
Well A 51
1446 | 278 [11050] 211 [ 256 [3938] 807 | 28 | 190
Well A 53
1446 | 278 [10962] 198 [ 248 [3938] 1095 | 28 | 100
Well A 54
1446 [ 27/8 [11000] 209 | 251 [3938] 860 | 24 | o5
Well A 55
1446 | 278 [10710] 278 [ 3.54  [3938[1118.333] 32 | 78

6. The Fluid Model

The fluid model is used for the representation of the fluid
composition and properties of the liquid and gas phases, table (2)
lists the main fluid properties.
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Using PIPESIM software for the determination of the PVT data
under the reservoir conditions (P=3938 psig, T=223 F) as shown
below:

Table (2) Lists the Main Results from the PVT Analysis Under
Reservoir Conditions

Property Value

API gravity 41.4 degree
Gas specific gravity 0.847

GOR 1430 Scf/stb
Water specific gravity 1.02

Average water cut 22%

Qil viscosity 0.15¢cp

Oil  Formation  Volume | 2.185 bbl/STB
Factor

7 .Study Wells Geometry
For each well, the well completion, well profile and well total depths
have been obtained and simulated by using PIPESIM Software.

8. Well Completion

Well completion consists of sealing off a drilled well in preparation
for production. After the drilling equipment has been removed from
the borehole, the well is fitted with, as appropriate: liner, tubing,
valves, and safety and flow-control equipment. It includes setting
and cementing the casing, perforating it, and installing pumping
equipment or a production tree, and stimulating or pumping (figure

4). [9]
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Fig (4) Shows Well A51’s Wellbore Geometry

9. IPR Curves Determination

The Inflow Performance Relationship (IPR) describes the behavior
of flow rate with flowing pressure, which is an important tool in
understanding the well productivity. Different correlations to model
this behavior can be classified into empirically-derived and
analytically-derived correlations. Empirically-derived are those
derived from field or simulation data. The analytically-derived are
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those derived from basic principle of mass balance that describes
multiphase flow within the reservoir. [10]

Well A5

Pressure atl nodal
PPy BT X E %
BEEESEE

1000 200 2500 300 50 &30
Stodk-tank liguid a1 nodal point (STE/d)

Fig (5) IPR Curve for Well A51

10. Performance Analysis of Well A51

Well A51 is producing 3428 STB/D at a well head pressure of 807
psi. This production is not including any optimization. The analysis
of this well is done by using Nodal Analysis. The following chart is
representing the existing OPR and IPR relationship.

Well AS1

IPR Curve

\ OPR Curve

2000 2500 3000 3500 2000
Stock-tank liquid at nodal point (STB/d)

— intow — Outfiow © Operating Points

Fig (6) Nodal Analysis for well A51
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11. Tubing Size Sensitivity

Many methods of calculating the OPR can be used, and the
Orkiszewski and Hagedom Brown method is generally adopted in
practice (Software package). The coordination between inflow and
outflow performances should be studied using the IPR and OPR
curves in accordance with the nodal analysis method in order to
ensure the optimum utilization of natural energy. [11]

e
I
I
3_ "
i

=

Figure (7) Tubing Size Effect on The Flow Rate for well A51

12. Water Cut Sensitivity

Pressare at nodat anatyss point (paia)
L ot N

Fig (8) Water Cut Effect on The Flow Rate for well A51
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It is clear from Fig 8 that changing the water cut for well A51 is
going to decrease the flow rate. Therefore, this way of optimization
has been used to determine when the artificial lift period is achieved.

13. Pipe Roughness Sensitivity

i
;:::-_'
E'.:-:
g'::-_'

Fig (9) Pipe Roughness Effect on The Flow Rate for well A51

It is clear from Fig 9 that changing the tubing roughness for well
A51 is not going to increase the flow rate. Therefore, this way of
optimization has been eliminated.

14. Erosion Velocity Sensitivity

Higher flow rate is known to be a desired criterion of the natural
production system, but sometime it exceeds the maximum erosion
velocity ratio which mean the velocity of the flowing fluid in greater
than the velocity that the pipe material can withstand before id being
weared away, from the above fig (10) the main findings is that the
increasing of the inside pipe diameter results in decrease the
maximum velocity ratio.
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Fig (10) Pipe Erosion Velocity Effect on the Flow Rate

15. Well Head Pressure Sensitivity

Pressure ot modal analysn Dot (ks )
g £ 3 ¥ £ ¥

Shock- Lk Bgund o nocs poset (VTR/E)

Fig (11) Well Head Pressure Effect on The Flow Rate in well A51

The following table summarizes the final results of the current
properties and maximum permissible values using the same
technique for the other three wells (A-53, A-53, and A-55):

Table (3) Current And Maximum Parameters Values of The Well A51
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Criteria Current | Maximum

Characterization values

Inside diameter 27/8in 4in

Maximum allowable 0% 50%
water cut

WeIISAl\ Well head pressure 807psia 600 psia

Minimum allowable 600 scf/stb | 200 scf/stb
GOR

Pipe wall roughness 0.001in 0.0001 in

Flow rate 1850

3428 STB/D STB/D

Table (4) Current And Maximum Parameters Values of The Well A53

Well A 53

Criteria Current Maximum

Characterization values

Inside diameter 27/8in 4in

Maximum allowable 0% 50%
water cut

Well head pressure 1095 psia 800 psia

Minimum allowable 1000 scf/stb 500 scf/stb
GOR

Pipe wall roughness 0.001in 0.0001 in

Flow rate 1598 STB/D 913 STB/D

Table (5) Current And Maximum Parameters Values of The Well A54

Criteria Current | Maximum
Characterizatio values
n
Inside diameter 27/8in 4in
Maximum allowable 0% 60%
water cut
el At Well head pressure 860 psia 600 psia
Minimum allowable 800 scf/stb | 300 scf/stb
GOR
Pipe wall roughness 0.001in 0.0001 in
Flow rate 3000 STB/D 1400
STB/D
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Table (6) Current and Maximum Parameters Values of the Well A55

Well A

55

Criteria Current Maximum

Characterization values

Inside diameter 2718 4>

Maximum allowable 0% 40%
water cut

Well head pressure 1118 psia 800 psia

Minimum allowable 1400 scf/stb 600 scf/stb
GOR

Pipe wall roughness 0.001in 0.0001 in

Flow rate 2750 STB/D | 1325 STB/D

15. Surface Network of the Study Wells
After the optimization of the natural production performance of the
4 wells of interest which included the IPR and OPR relationships to
determine the natural flow rate under the normal production

conditions.

to gas Ereximent

Fig (12) lustrates the Surface Network of the 4 Wells
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From the analysis of the above fig the main findings are summarized
in the table (4) below.

Table (4.5) the Main Parameters of the Production Lines for The
Surface Production Network of The Study Wells

Pwf = 3400 psi

Figure (13) Summary of Nodal Analysis of Pressure Nodes for Well A51

16 Conclusion

From the study of the natural flow of the oil wells using Vogel

Reservoir

model, the following results could be figured out:

Value
Parameter Well, A51 Well, A53 | Well, A54 | Well,
Ab5
Flow Line Length | 4592 5687 6789 5143
from Well Head to
Manifold (ft)
Choke Bean Size (in) | 28 28 24 32
Separator Pressure | 450 450 450 450
(psia)
Production Flow | 3428 1598 3000 2750
Rate (STB/D)
9 Pwh= 807 psi
separator
Ps = 450 psi

psi
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1. Natural flow occurs as result of the value of the flowing

bottom hole pressure became greater than the hydrostatic
pressure generated from the fluid column in the wellbore.
For the study wells, the average reservoir pressure was 3938
psi and the bubble point pressure was 3301 psi which mean
the reservoir is undersaturated multiphase type.

For study wells A51, A53, A54 and A55 the maximum value
of the water before the natural flow period comes to end as
result of non- intersection point are 50%, 50%, 60%, and
40% respectively.

The optimization process takes into account the change of
the design criteria which included: water cut, pipe
roughness, tubing inside diameter, well head pressure and
erosional velocity, all of these criteria most be used for the
determination of the best conditions for the best working
efficiency, from the results that obtained for well A51, the
optimized conditions are the following : pwh = 600 psi,
tubing size =2 7/8”’, GOR = 200 SCF/STB and choke size
=28"

17. Recommendations

We recommend to redo this study with the help of the decline curve
analysis with the production history which will be very useful for
the determination of the period of time in which the flow rate will
decline until the reservoir is depleted.

Also, when the natural flow period come to end the artificial lift
method that must be ESP (Electrical Submersible Pump) is the best
choose as result of high productivity and high pressure and less
GOR of the study well.
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Abstract:

Corrosion is a great problem in petroleum industry for both
upstream and downstream; whereas, it damaged the petroleum
equipment such as storage tanks, separator units, pipelines, pumps
etc.. This paper is highlighted and pay attention to preserve and
protect them from damage caused by corrosion throughout a case
study in the storage tanks of Tobruk refinery.

Cathodic protection is an effective corrosion protection technique
that uses the electrochemical properties for equipment protection.
The protection is achieved via the cathode of the electrolytic cell
whereby the other end is the anode of the cell.

This study was conducted for protecting (365,000bbl) crude oil
storage tank exists in Tobruk terminal. The scope of work included
the design and determination of all necessary materials for the
internal and external cathodic protection of tank bottom utilizing
aluminum anodes as sacrificial anodes. It has been revealed through
the results of the design this method was designed to suitable
requirements of the crude oil industry which was rapidly
development in the recent period.

The calculation results revealed that the cathodic protection required
(71) anode rods (N), the current output of one anode is 0.333 amp,
the current output is 23.64 amp, protect area for one anode about
52.595 m?, minimum distance between anodes (L) m 7.25 m and
protecting diameter for one anode (D) anode is 4.09 m.

KeyWords: Crude oil, storage tanks, corrosion, cathodic protection.
1. Introduction

Iron is the least expensive and most widely used metal in
technology. According to reports by the International and Steel
Institute [1], the total steel production and consumption over the
world has been steadily increasing, reaching more than 845 million
metric tons in 2015. Mild steel (carbon steel) is iron containing 0.4
to 1.7 % carbon, whereas stainless steel contains substantial
proportions of nonferrous metals such as chromium or nickel as
protective additives. Iron as a base metal is usually unstable without
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protection and easily undergoes corrosion in agueous environments.
Corrosion has been defined as destructive attack of a metal by
chemical or electrochemical reactions [2]. In aqueous environments,
iron materials are corroded not only by purely chemical or
electrochemical reactions but also by metabolic activities of
microorganisms in a process termed microbial influenced (or
induced) corrosion (MIC).

Corrosion of iron materials causes vast economic damages and is,
therefore, of great concern. According to recent investigations,
damages due to material corrosion in the United states cause annual
costs of 276 X 10° U.S. $ in many fields of industry. Other studies
undertaken in several countries including the United Kingdom,
Japan, Germany, Sweden and Australia revealed that the annual
costs due to corrosion damages ranged from 1 to 50 % of the gross
national product (GNP) of each nation [3].

If a metal comes into contact with water, positive metal ions are
released into the solutions and leave free electrons on the metal, as
illustrated by the following chemical equation:

Me < Me* + 2¢°

The reaction shifts to the right if the liberated electrons are
continuously removed, resulting in a net dissolution of the metal.
Free electrons cannot be released as such into the medium; usually
they can be consumed by reactions with oxidizing substances from
the aqueous phase at the metal-water boundary. Such electron
acceptors might be oxygen, protons, undissociated weak acids or
water [3]. Areas on the metal where metal dissolution or electron
uptake reactions occur are termed anodic and cathodic sites,
respectively. The accumulation of products of the cathodic and
anodic reactions at the metal-water interface tends to slow down the
rate of corrosion.

Microorganisms are able to depolarize both cathodic and anodic
sites either directly by their metabolic activities or indirectly by
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excretion of chemically reactive products [4,5]. Such
microorganisms are particularly corrosive as they grow in colonies
or films attached to iron surface and thereby create local
electrochemical cells with highly stimulated reactions. As a result,
corrosion by microorganisms often occurs as pitting, which is
usually more severe than corrosion processes that are evenly
distributed over the metal surface [6,7].

2. Location of Study

The study was conducted on the petroleum refinery in Tobruk
(Figure 1). The project of Tobruk oil refinery has been implemented
by the National Petroleum Institution to satisfy some requirements
of petroleum products. The job of refinery facility is to separate the
crude oil into different products, the processes of separation take
place under atmospheric distillation. The maximum capacity of
production about 21,500 bbl/day. The main petroleum products of
the refinery are diesel, light naphtha, heavy naphtha and kerosene.

3. Study Importance
The importance of this study is to spotlight on the causes of
corrosion and how to avoid it to reduce the economic losses.

Bacterial activity which leads to the damage of metallic surfaces of
petroleum equipment.

4. Problem Statement

The statement of problem is represented by the serious corrosion
effect of petroleum equipment e. g. separator units, transport
pipelines, storage tanks etc. due to the corrosion process.

5. Study Objective

The main objective of this study is the protection of the storage
crude oil tanks against corrosion by applying cathodic protection
technique which is regard as one of most methods to avoid
corrosion.
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Fig. 1 Satellite image showing location of Tobruk refinery

storage tanks
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6. Materials and Methods
This study has been carried out on the crude oil storage tanks in
Tobruk refinery to protect these tanks against corrosion.

7. Types of Corrosion

1. Atmospheric Corrosion: Erosion, temperature, moisture, rainfall
& air pollutants ( SOz, CO, CO2, H.S).

2. Chemical Corrosion: Pure Acidic Corrosion Direct exposure to
chemicals such as acids (H*) and alkalis (OH").

3. Electrochemical Corrosion: Galvanic , Pitting & localized.

8. The intrinsic and extrinsic modes of corrosion which occur in
bottom tanks are: ( general corrosion, pitting, interganular
corrosion, stress corrosion, crevice corrosion, galvanic corrosion,
fretting corrosion, corrosion fatigue) ( called electrochemical
corrosion)[8].

9. The electrochemical Corrosion

A chemical reactions accompanied by the passage of an electric
current (flow of electrons) between two locations on the metal
surface. Anode with low potential & high electronic density
(oxidation). Cathode with high potential & low electronic density
(reduction).

Electrolyte Solution  8H,0 ™ 80H- + 8H~

lonization Curr

t Flow
Polarjzation

Fe (OH), Rust

Anode
Area

Cathode
Area

8H"+8e I 8H
AcidicpH < 7

4Fe [ 4Fe* + Se-

Metal

Fig. 2 The electrochemical corrosion[9]
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10. Corrosion Control

1- External Protection (Cathodic Protection &coating ) cathodic
protection (CP) is a technique to control the corrosion of a metal
surface by making it work as a cathode of an electrochemical cell.
This is achieved by placing in contact with the metal to be protected
another more easily corroded metal to act as the anode of the
electrochemical cell cathodic protection depends on galvanic
activity and the deference in potential (Figure 3).

2 - Internal Protection (Corrosion Inhibitors and Oxygen , H2S
Scavengers )(Figure 3).

Electrolyte

Electroiyte Current fiow from external anode
Current Flow ¢ (Zinc or magnesium sacrificial
£ anode)

- Metal Surface Cathode Area
Anode
Shut Down

Current to Connecting Wire

——

Metal

Fig. 3 Depicts both external and internal protection[9]

11. Methods of Cathodic Protection for Corrosion Control
Cathodic protection is a widely accepted method of corrosion
control. Corrosion of above ground steel storage tank bottoms may
be reduced or eliminated with proper application of cathodic
protection. Cathodic protection is a technique for preventing
corrosion by making the entire surface of the metal to be protected
act as the cathode of an electrochemical cell. There are two systems
of cathodic protection:

11.1. Galvanic System
Galvanic systems use a metal more active than the structure to be
protected to supply the current required to stop corrosion.

The more active metal is called an anode, commonly referred to as
a galvanic anode or a sacrificial anode. The anode is electrically
connected to the structure to be protected and buried in the soil. A
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galvanic corrosion cell develops and the active metal anode corrodes
(is sacrificed) while the metal structure (cathode) is protected. As
the protective current enters the structure, it prevents the flow of
corrosion current from the metal surface. Current then returns to the
galvanic anode through a metallic conductor Metals. commonly
used as galvanic anodes in soil are magnesium and zinc in either
cast or ribbon form. The anodes are usually distributed around the
perimeter of the tank or buried beneath the tank bottom. Galvanic
systems are normally applied only to small-diameter tanks.

11.2. Impressed Current System

The second method of applying cathodic protection to an
aboveground storage tank bottom is to use impressed current from
an external source. Impressed current systems use direct current
usually provided by a rectifier attached to an AC power source. The
rectifier converts alternating current to direct current. Direct current
from the rectifier flows to the buried impressed current anode, from
the anode through the soil electrolyte, and onto the tank bottom[10].

12. Results and Discussion
12.1. Design Layout and Calculations

12.1.1. Cathodic Protection for Tank Bottoms

This study lays down the design for the cathodic corrosion
protection for the external and internal surface of crude oil storage
tanks at Tobruk terminal.

Crude Oil Details
Location: storage tanks of Tobruk terminal

Diameter: 220 feet (67.00 meter)
Height: 57 feet (17.04 meter)
Capacity: 365,000 bbl, each.
Service: crude oil storage

Roof type: EFR, "single deck floating roof, with outsider ring of
pontoons on the periphery and a membrane in the middle"[11].
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Codes and Standards

The proposal is based on the latest applicable industrial codes and
standards such as DIN/NACE/BS/CEN. The presented protection
design and the equipment specified shall be in accordance with
project relevant standards.

12.1.2. Design Parameters

External Surfaces

The layout of the CP system for the external surfaces of tank
bottoms depend on the existing CP system, since the external
surfaces of tanks shall be integrated into the existing plant protection
system and do not get an independent CP system.

Internal Surfaces
The following design parameters are considered for the proposed
cathodic protection of each tank:

Internal coating of all surfaces:

Epoxy coating

Specific water resistivity : < 1,3 Ohm m
o Lifetime of anodes: > 10 years

The sacrificial anodes must be connected to the tanks by welding
process and completely covered by fresh water before taking the
sump tanks in operational conditions, in order to fulfill the
requirements for hazardous areas (Zoon 0).

A minimum water level of 600mm above tank bottom must be
present at all times during operation in order to keep the anodes.

External surface of tank bottoms

The external surface of the tank bottoms shall be protected by the
existing cathodic protection system for the buried metallic structures
at Tobruk terminal.

The drain cables shall be connected with the same size and at the
same positions as previously connected at the refurbished tanks.

In total three (3) no permanent reference electrodes for monitoring
the tank bottom to soil potentials shall be installed underneath the
tanks.
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Two (2) electrodes shall be connected to one Test Station and one
(1) electrode shall be installed to the second test station on the

opposite side of tank.

The following structures presented in Table 1 have been identified

from the supplied documentation.

Table 1 Design parameter:

Design Parameter Values
Diameter of tank ( m) 67
Height of shell coating ( m) 1
Current density (mA/m?) 5
Al Anode weight (for one anode) kg 45
Specific resistivity of electrolyte (P) (ohm*m) 1.3
Required lifetime of anodes ( years) 15
Capacity of anode kg/A. year 6.300
Al Anode current efficiency 90%
Utilization factor 65%
Potential difference for Al anode in sea water(V) 0.2
Al Anode width (m) 0.125
Al Anode length (m) 1.1
Al Anode height(m) 0.125
Final results of design calculation are presented in Table 2.
Table 2 Design calculations:

Calculations results Values
Tank bottom surface area to protect 3.523,865m?
Tank shell area to protect 210.38 m?
Total surface area to protect 3.734,245m?
Total Current Required at design current density 19,62 A
Total required anode weight 3119.076 Kg
Required anode quantity " N " 71
Anode to Electrolyte Resistance 1.3 ohm.m
Current Output (One anode) 0.333A
Total current output 23.64A
Protect area for one anode 52.595 m?
Minimum distance between anodes 'L min " 7.25m
Protecting diameter for one anode "'D anode™ 4.09 m
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The anodes
Description of material

Aluminum Anode ( 71 anodes)
Net weight Al: 45,0 kg (see Figure 7).

1100

O

¢ 125

125
D

Fig. 4 Material description

67000

Fig 5. Distribution of anodes at the bottom of tank
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Table 3 Anode distribution on tank bottom:

Distribution of anodes on tank bottom with reference to the tank center

Circle No. | Radius (m) Anode type Anodes No.
0 0.00 45kg Al - 1
* *
1 785 1100*125*125mm 6
45kg Al -
2 1530 1100*125*125mm 12
3 22.60 45Kkg Al _ 21
4 30.20 1100*125*125mm 31
45kg Al -
1100*125*125mm
45kg Al -
1100*125*125mm
Total number of anode 71

13. Conclusion
Cathodic protection is one of most methods to avoid corrosion it has
been used for years to protect structure that suffer long-term
exposure to corrosive environments. But the installation of cathodic
protection itself can be generally costly and it also requires routine
maintenance and replacement as we have seen before in what
concerns the choice of galvanic types of protection it has to be
analyzed case to case sometime a combination of two methods is
best way to satisfy all the necessities.

About the future of galvanic protection it will probably develop in
direction of the impressed current improves as it a more precise and
control table methods.

The results showed that:

1. The cathodic protection required ( 71 ) anode rods (N),
2. The Current output of one anode = 0.333Amp
3. The current output = 23.64 Amp
4. Protect area for one anode 52.595 m?
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5. Minimum distance between anodes L min = 7.25 m.
6. Protecting diameter for one anode "D anode"= 4.09 m

14. Recommendation:
Many reasons led make the existing CP system provided readings

accepted values been considered as malfunctioning system. The
main reasons can be summarized as follows:

1.

Most of the CP for tanks and trunk lines are temporary CP
systems sacrificial and designed for 2-3 years CP systems
requires monitoring and changed of and before expiry of the
anode life if changing of anode is not done on the CP systems
becomes ineffective.

Consideration must be given to adding number of anodes to the
total number of anodes required to be used in the event of
damage during transportation , storage or installation.

The cables are being cut always by local people which damage
the overall CP system even if the CP system is recently
constructed.

Can be applied a wide range of structures in various stages of
cathodic conditions.

Can be adjusted manually or automatically to care for changing
condition.

Anodes very compact. Thus drag and water flow restriction are
negligible.

Requires as the small number of anode compared to galvanic
system.

For the above presented reasons the more reliable and effective
proposed solution is application of ICCP system in order to
achieve required CP system.
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Abstract

The aims of this study are to calculate the cooling load and heat gain
on the Auditorium space in Europe. The heating ventilation and air
condition (HVAC) system is the most complex install in the
Auditorium building. The design includes different kinds of people
with different ages, because it is important for air distribution for
thermal comfort for people, the diffusers are installed under the seats
and outlet air is in the ceiling. Heat load is estimated by arithmetic
operation also the heat loss calculation of each individual space in
the Auditorium is studied. The prior design of the of the Auditorium
heating system estimate was made of the maximum probable heat
loss to be heated. High quality insulations were installed in walls
and roof, for saving energy and sound. The results of the research
found the total cooling load is 24000 [w], heat loos is 57593 [w] and
volume flow rate 1242 [mq]. The system succeeded in maintaining
required temperature, which is 22 [°C], sensible heat loads: and 4400

[w].

Keywords: heating, ventilation and air-conditioning (HVAC), heat loss
calculation, heat load estimation and duct design.

1. Introduction

HAVC design is a critical component, if performed carefully;
energy efficient system at an affordable cost can be developed [1].
There is possibility of creating almost any indoor climate. The
indoor climate can be achieved by air handing unit, or central air
indoor conditioning system. The supplying fresh air may disturb the
comfort of people, so to avoid draft and noise by changing the
temperature just by heating or cooling, the air can affect the relative
humidity as well. The energy conservation activities
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aforementioned aim to minimize the energy consumption within
reasonable limits without having to reduce the function of a system.
In other words, this activity is intended to obtain the optimum
energy consumption [2], the calculation of heat supply is necessary
to maintain the selected internal design temperature assuming that
the outdoor temperature is at the appropriate winter design value,
the increase in the unavailable energy (increase in entropy) and
unusual climatic changes seen in recent years [3], These designs are
developed according to energy conscious building design [4], [5].

1.1. The objectives of study are:

Building insulation design.
Calculation the cooling load and heat gain.
Analysing the calculation results.

Concluding the results of the study.
Abbreviations

HAVC Heating, Ventilation and air conditioning
CLTD Cooling load temperature difference

SC Shading Coefficient

%RH Relative Humidity

SHGF  Solar heat gain factor

U Overall heat transfer

SC Shading coefficient

Cp Specific heat capacity

At Difference temperature

P Air density

% Volume rate of room
2. Method

2.1. Construction of Building

The wall halls are shaped and placed to minimize the possibilities
of echoes. Plain walls are found suitable. For best acoustic the
convex shaped walls are constructed to reduce echoes to a greater
extent [6].

Building construction sizing layers, shows in table 1, and Building
design figure 1.
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Table 1- The construction of both wall sides and roof, including
dimensions (mm)

Outer wall
construction

Inside wall construction

Roof construction

Plywood 6 mm Plaster 15mm | Asphalt roofing | 10 mm
Insulation | 60 mm Common Brik | 380 mm | Concrete slab 30 mm
Concreate | 100mm | Plaster 15 mm Insulation 80 mm
Face-Brik | 100 mm Plaster 15 mm
2.1.1 Building Design
3 2
gt Al
:|
- ™~ ]

Ak

L

o]
LA

o

Figurel. Construction of the Building

2.1.2. Building description
The building has many rooms which are the Auditorium, machine
room, offices, bathrooms; all areas are given in table 2.

Table 2. The areas, using room and air-conditioning type

Room No Room using Area [m2] Air — conditioning type
1 Auditorium 156 Central system
2 Training room 45 Window type
3 Machine room 45 Window type
4-8 Office 16 Window type
9 Lobby 120 Window type
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2.2. Selection of central Air condoning unit

This unit is usually used in larger buildings, the unit has many parts
(fan, dampers, filters, humidifiers, dehumidifiers, duct system,
sound absorbers, inlet and outlet grills and control devices, heater
and cooler), with duct connected in the end of the system, for outlet
air forcing by motors fan.

The chiller is needed to provide the cold medium air, which is used
to cool air either directly or via secondary water coil, the cooling
machine using evaporation or absorption system to produce low
temperature, which is needed for cooling. The boiler is also needed
to produce steam or hot water for air heating, the central air
treatment system shown in figure 2.

WALL T> OUTLETAR

FILTER COOLER HUMIDFER HEATER

INLET AR

== FAN

(I e s

Figure 2. Central Air conditioning unit

2.3. Heat load calculation

The heating load estimated, which accounts for the probable heat
loss occurring in a room or space to heat during the winter season,
the major simplifying assumptions that of a steady state condition,
the heat loss calculation of each individual space in the building is
studied, the heat supply rate calculation is necessary to maintain the
selected internal design temperature, assuming that the outdoor
temperature is at the appropriate winter design value. Table 3,
shown the temperatures details [7], [8].
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2.3.1 Design data
Table 3. Temperature and humidity in winter and summer season

Case tout [°C] tin [°C] Humidity [%0]
Winter -13 22 50 -70
Summer 32 26 40 -70

2.3.2. Heat loss calculation
The basic formula for heat loss through walls, roof, floors and
ceiling surfaces is given in equation (1)

qir = AU(ti - to) 1)

2.3.3. Structure calculation
The building has four sides, north, south, west and east, table 4
gives the results of area structures.

Table 4. The results Areas of Walls and roof

Roof [m?] Wall - N Wall- E Wall- S Window- N

276 32.25 45 54 15

2.3.4. Structure resistance calculation
Structure resistance calculation, given in table (5)

Table 5. Structure resistance calculation roof and walls.

Roof Walls
Structure (mm) Resistance ( Structure (mm) Resistance (1)
A)

Outside surface 0.029 Outside surface 0.029
Asphalt, 10 mm 0.720 Face-brick, 100 mm 0.830
Concrete , 80 mm 0.520 Concrete, 100 mm 0.120
Insulation, 80 mm 0.036 Insulation, 80 mm 0.064
Concrete , 150 mm 0.550 Plywood, 6 mm 0.050
Plaster, 15 mm 0.720 Inside surface 0.130
Insider surface 0.120

SUM 2.700 SUM 1.223

2.3.5. Overall heat transfer coefficient (U)

2.3.5.1. Walls and roof

The heat gain through walls and roof is dependent on overall heat
transfer coefficient (U), which was given by [9], and the overall
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heat transfer coefficient of wall and roof (U), calculation given by
equation (2-3),

1 W,
Uaii = —os = 081766 |-2.°C | @)

1 w
Uroop = == 054054 [ °C| 3)

2.3.5.2. Windows
The overall coefficient of heat transmission (U-factor) of windows

(12.7 mm, air gap between the double layer glass), U:Z.S[%. °C ]
, which given by [9]

2.4. Cooling load calculation
2.4.1. External sources

e Walls and roof

qo = UA (CLTD) 4)
e Glass:

q, = A(SC)SHGF (CLF) (5)

G =WX F XK (6)

2.4.2. Internal sources.

The various internal loads consist of sensible and latent heat
transfers due to occupants, products, processes appliances and
lighting. The lighting load is only sensible. The cooling load factors
(CLF) to account for the time lag of the cooling load caused by the
building mass. The weighting factors equation determines the CLF
factors [10].

CLF = Q cooling load / Q internal gains.

2.4.2.1. Light

Lighting is one of the largest of energy consumption. In fact, the
most recent data from the commercial Building Energy
consumption [11].
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The cooling light load due to lighting is major component space
accurate estimates essential, Ac-cording to [5], lighting
requirements are 1 W/SF [4]. The Heat gain due to lighting is
given by [12]. The heat gain for light can expresses as the flowing
equation (6):

2.4.2.2. People
Gsensivie = N(qs)(CLF) (7)
Qiatent = N(CIL) (8)

Sensible and Latent heat gain from occupancy (gs, q.) and (CLF),
given in [13].

Number of people = 80

Sensible heat per person (gsen) = 65 [w]
Latent heat per person (glat) = 55 [w]
Total latent heat = 4400 [w]

3. Process diagram
3.1. Summer time

Figure 3, shows the operation system on the Psychrometric
chart, table (3) given the temperatures and description.

5

Humidity Ratio

™ T2 T3 T4 T5 T6
Dry Bulk Temperature

Figure 3. Operation system on the Psychrometric chart

288 Copyright © ISTJ Ak sine qolall (3 s
Al 5 o glall 4 sall dlsall




International Science and 27 "'\’J\ Aall y p ghall 0350 A

Imtrwaational beimrs mad Taviasiags demraal

lchnology Journal Volume 27 =~ B ._I%

October 2021- x4

Table 7. Description and temperatures in the Psychrometric chart
points

Sign Description Tem;:[)fé]ature
T1 Surface central cooling coil temperature
T2 Exhaust air temperature (before mixing) 18
T3 Supply air temperature 22
T4 Exhaust air temperature 30
T5 Mixing temperature 31
T6 Outside air temperature 32
troom 26

3.2. Winter time
Figure 4, shows the summer operation system on the
Psychometric chart, and the table (8) given the temperatures and

description.

Humidity Ratio

Dry Buls Temparature

Figure 4. Operation system on the Psychrometric chart
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Table 8. Description and temperatures in the Psychrometric chart
points

Sign Description Temperature [°C]
T1 Outside air temperature -13
T2 Inlet air temperature 0
T3 Surface central heating 22
T4 Air temperature mixing 30
T5 Supply air temperature 31
T6 Outside air temperature 32
troom Between (ts-1s) 26

4. Results and Discursion

4.1. Heat losses by transmission

The heat transferred through walls, roof and windows, which
calculated using equation (9), difference temperatures in winter
time (-35) °C, table (3).

Qer = AU (tin — tout) 9)

4.1.1. Infiltration heat loss calculation

Infiltration is the cold air, which leaks through windows, doors and
walls, because of wind pressure against the building by difference
air density between warm and cold of air, infiltration calculation
using equation (10).

Qinf = 0.3 x VO X Cp X P (AT) (10)
Total heat loss, calculated using equation (11)
Qtotal = 9er T Qiny (11)

Total results of total heat loss are given in table (9).
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Table 9. Heat transmission, infiltration and total heat loss

Structure | Area [m2] u qer [W] qinf [W] Qtotal [W]
Walls 146 0.817 4.174
Roof 276 0.50 4830

Windows 30 2.8 2940
Sum 11.944 15649 27593

4.2. Cooling load
Figure 5, gives total cooling load results of the building with the
time [hr] (8 — 22)

Total cooling load = 24000 [W]

Total cooling load
26000
24000
22000 ﬂ M\
— 20000
E 18000 f/ \T._,__‘_‘*
= 16000 /
14000 /
12000 '{
10000
a8 10 12 14 16 18 20
Time [hr]

Figure 5. Total cooling load

4.2.1. Calculation of air volume rate
The air volume flow rate is calculated using equation (12), and the
results of the calculation are given in table (6)

Total cooling load = 24000 [W]

Volume rate of room = 1242 m?®

_q
V="/pxcp x At (12)
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Table 6. Calculation of cooling load with air density, air specific and
temperature difference

Space J ] t [°C
> a[w] P[/Kg.k CP[K—g-K] el
Auditorium 24000 1.2 1003.5 8

From the calculation above of heat transmission and heat gain,
following the Air Change Rate (how many times air needs to be
change per second) is given by [14], [15]. The air change rate is
calculated using equation (13)
14 9000

n= = =
Vroom 1242

7.2 (13)

4.3. Duct design
The most information that required to analyse a duct for flow,
pressures and sizing [16], include:

e Supply or extract air quantities for each terminal device
(diffuser, register, grille) in the room.

e Equation friction ( constant pressure drop )

e Static regain

e Total pressure (velocity reduction)
The methods described in this section pertain to low velocity
system, also methods can be used for high velocity system design,
but the results will not be satisfactory in some cases,

Using equation (14) will get the air velocity, air volume 9000 m%/h
, and area of duct is known.
Vo
A

4.3.1. Duct dimension and pressures
Air duct dimension and pressures, shown in figure 6, and the dada
in table 9.

U = (14)
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Table 9. Dimension and pressures of duct in the Auditorium

No Name ¢ [mm] Pressure [Pa]
1 Rectangular duct 700*400 22
2 Bend ND 400 44
3-4 Diffuser DL R/4 22
5-6 T- section ND 2*250*300 21
7 Transfer fitting 400*400/ND 400 21
8 Nozzle jet DU-S-R/315 26
9 Floor diffuser FBA-1-D/200 23
10 Bend ND 300 23
11 Bend 400*700 48

4.4. Controller device
The controller devices will control the following:
e The motorized damper of supply air and stopped the fresh
air flow.
e Control, three-way valve and water pump in the coil of
heating and cooling.
e The fan will controlled by off-on switches to make it easily
to shut them in case of freezing risk in heater.

Diffusers in sub-ceiling

4 5 3 4 &7l 3

Wolume Supphy &3 B

5000 m3fh

Diffusers under seats

|
Outlet air <, UE

inlet air o | | 1] 10

Figure 6. Air distribution in Auditorium

5. Conclusion
From the results of the analysing and studies on the ventilation &
air conditioning design (HVAC) of the Auditorium.
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1. The maximum cooling load at peak load is 24000 [w] and the heat
loss is 57593 [w].

2. The cooling load profile 2400 [w], comes from the sensible heat
loads: and 4400 [w], from latent heat loads.

3. Factors that can reduce the heat loss are: high quality insulation
install, reducing the infiltration of outside air.

4. For thermal comfort for people and energy consumption, should
use the diffusers under the seats.

5. The building will be occupied for a few days, so we should find
out the best starting operation and switching off the system.

6. The design of ventilation air conditioning system using water
chiller to provide cooling load capacity needed, and steam
humidifier comes from electricity steam generation.

7. The duct will be mounted by handling the roof and the walls for
suppling the air under seats and the air distribution through the
floor diffusion to get the desired uniformity of the temperature
and air movement in the occupied zone.

8. The air outlet air in the ceiling level through outlet diffusers to
the area above the sub-ceiling.
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Abstract: The aim of this study is to find new groups that consisting
of non-bijective transformations cannot subset of symmetric groups

Sn on finite set A called Gon-bT)groups. In addition, we give the
necessary and sufficient condition for the elements of these groups
on anon empty set A by using the quotient set of A, Moreover, we

conclude that G(non-bT) = Sn on the quotient set of A.
Key words: Transformation, Symmetric Group, Equivalence
Class, Quotient Set, Partition.

1-Introduction:

The transformation group is a group [1] is important and good part
of the group theory. We recall a symmetric group on a non-empty
set A is a group consisting of bijections transformations from A to
itself with respect to compositions mapping on a non-empty set A
which the one most important transformation groups for more
details see [2],[3]. Our work, we answered the problem 1.4 in [4].
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We find for a finite Sy = {1,2,3,...,n} there exists groups from a set
of all transformations mapping Trans{A}cannot subset of
symmetric groups Sn we called G(non-bT) groups. In addition, we
study and discuss the necessary and sufficient condition of the
elements of these groups. Moreover, Gon-bT) is isomorphic to a
symmetric group on the quotient set of A.

2-Preliminary:

In this section, we review some basics concepts of the finite group
theory that are assumed in our paper. For more detailed here in lots
of abstract algebra and finite group theory books for more including
all treating of some of this material for example, in [5],[6], would
be good supplementary sources for the theory needed here.

Definition 2.1. Suppose that A be nonempty. A binary relation R in
A is called an equivalence relation on A. If it satisfy the following
three conditions:

(i) forany a €A, then aRa;

(i)  if aRb then bRa for any a,be A;

(ili)  if aRb and bRc then aRc for any a,b,c € A,.
Remark 2-1. For the set A, we dented to the set of all its transforms
by Trans{A}. For any a € Trans{A} and Im( ) to denoted the image
of a. Also, Z and Z- will respective dented the set of integers and
positive integers.
Definition 2.2. Suppose that R is an equivalence relation on A. For
an element acA, we call [a]r the equivalence class of a determined
by R. And A/R ={[a]r |a € A} is called the quotient set of A relative
to the equivalence relation R.

3- G(Non-bT) groups

In this section. We introduce our groups that named Gnon-bT)
groups.
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Example 3-1. Consider F be a field, and V be a vector space of
dimension 2 over F. And {v1,v2} a basis of V. For any a € F", we
define Ta: V — V, u = aivi+ axvo —a avi.

In other words, the linear transformation Ta has matrix

((1) 8)With respect to the ordered basis vi,v2. Set G ={Ta: a eF" },

then G is group but not a subset of symmetric group.

Example 3-2. Suppose that A = {1,2,3}. Let S3={(1,2,3), (2,3,1),
(3,1,2), (1,3,2), (3,2,1), (2,1,3)} be Symmetric group.

We collect all elements of Trans(A) as: {(1,1,1), (1,1,2), (1,1,3),
(1,2,1), (1,2,2), (1,2,3), (1,3,1), (1,3,2), (1,3,3), (2,1,1), (21,2),
(2,1,3), (2,2,1), (2,2,2), (2,2,3), (2,3,1), (2,3,2), (2,3,3), (3,1,1),
(3,1,2), (3,1,3), (3,2,1), (3,2,2), (3,2,3), (3,3,1), (3,3,2), (3,3,3)}.
We can see there exits some groups that are subsets of Trans(A),
but not subsets of the Sa.

0121 [@12 [232 [(323)
(1210 [(121) @212
(2,1,2) | (2,1,2) (1,2,1) G={(1.21).212)},
(2,3,2) Go={(2,3,2),3,23)}. | (3,2,3) | (2,3,2)
(3,2,3) 2,32) | (3,2,3)

We make composition of all transformations we get:

O [(122 @11 |32 [((3.23)
(1.1,2) [ (122) [ (2.2,1)
(2,1,1) | (2,2,1) | (1,2,2) | G=(122.210}
(2.3,2) (3.23) [(23.2)
(3,2,3) 232 |(323)
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G:={(1,1,3),(3,3,1)}

Gs={(2,2,3),(3,3,2)}

0 22 ) GLD) (1323)
1.2.2) | (12.2) 21
210 | @i 1.2.2) Gt22) @113
(33| o casamin | &MY (1323)
G110 GLD) 113

If we apply same way, we get the groups of order 2 are :
G1={(1,1,3),(3,3,1)}, G>={(1,2,1),(21,2)}, G3={(1,2,2),(2,1,1)},
Gs={(1,2,3),(1,3,2)},G5={(1,2,3),(2,1,3)}, Ge={(1,2,3),(3,2,1)},
G7={(1,3,3),(3,1,1)},Gs={(2,2,3),(3,3,2)}, andGo={(2,3,2),(3,2,3)}.

But, G+={(1,2,3),(1,3,2)}, Gs={(1,2,3),(2,1,3)},and
Ge={(1,2,3),(3,2,1)} are subsets of Sa.

So, G(Non-bT) are G, Gy, Gs, G7,Gg, andGeo.

Lemma 3.1. Suppose that Gon-bT). For anyae Gon-bt) and the
e the identity element of Gnon-bT), then Re=Rt.

il gine ol 5 ia
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Proof. Form definition 2-2, for any acA, our need to cheek
[a]o=[a]e. i.e, if Xxe[a]a, (X)= ().
(=) Since Gnon-bTy is a group with identity element e, there is a
transformation a2 € Gon-bT) Such that cia=e=a1a. Therefore,
e(x) = au(a (X)) = au(ex (a))=e(a), Which yields that xe[a]e.
(<), if ye[a]e i.e. e(a)e(y). Hence, a (a)=( ae)(@)= a(e(y))=(
ce)(y)=aly), which implies ye [a]e. It follows that [a]e.= [a]« for
any aeA, as wanted. ]
Remark 3.1. For any elementSa,ﬂeG(Non-bT), Ro=Rp.
Proposition 3.1. Suppose that Gon-bT) group. Let « be an
element in Trans{A} and "« be the induced transformation of « on
AR, i.e "o AIRe — AlRq, [X]« »[a(X)]e. Then the following hold:
(i) There exists a groups Gnon-byc Trans{A} containing « as
the identity element iff o?=c.
(i) There is a groups G(non-bT)=Trans{A} containing « as the
identity element iff "« is a bijective on A/R..

The following two corollaries are from [7] and we make some
propositions to the original proofs. Actually, we adopt the
restriction of finiteness on A in the first proposition from the
original one. And we used the finiteness on A in the second
proposition; the original one did not use it.

Proposition 3.2. Suppose that « be an element in Trans{A}. Then
o = «a iff the induced mapping "« on A/R is the identity element.
Proof.

(=) We Assume that &2 =a. Then for any [x]«cA/R« , asa(X)= o
(a (),

S0, [X]a = [a(X)]a It follows that “a([X]«) = [a(X)]« = [X]« ; which
implies that "« is the identity mapping on A/Re.

(<) Suppose that "« is the identity mapping on A/R.. Then for any
[X]« € AIRx , the condition that “a([X]« ) = [X]« Will imply that
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[a(X)]e = [X] Hence a(a(X)) = afX). It follows that & = « as
required. |
Proposition 3.3. Let A be a finite set and « is an element in
Trans{A}. Then there is a Gnon-bT)=Trans{A} containing « as an
element iff Im(a) = Im(?).

Proof. (=) We assume that there is a group Gon-bT) =Trans {A}
containing « as an element. Suppose that e is an identity element
of G(non-bT). Then by Proposition 3.1, the induced mapping "« is a
bijection on A/R. . In particular, "« is surjective and thus for any
xe A, there is a [y]a € A/Ra such that "a ([y]e ) = [X]a = [a(Y)]« ;
which yields that a(x) = a(afy)) = (A)(y). As a result, Im(a)
clm(c?) and thus Im(a) = Im(2).

(<) Suppose that Im() = Im(c?). Thus, for any a(x) € Im(a) there
isayeA suchthat a(x) = a(a(y)) and hence "« ([y]«) = [X]« ; which
implies that "« is surjective on A/R.. Note that we are assuming that
A is finite and so is A/R« . We have that the induced mapping "« is
bijective. By Proposition 3.1, the assertion follows. m
Remark 3.2. If Gonbt) <=Trans{A}. Since R.=Rs for any
elements in Guon-bry and for each element ae Gon-bry Will
induce a bijection "« on A/R.

The following proposition is crucial since it turns a group Gnon-
pryc Trans{A} into a symmetric group.

Proposition 3.4. Suppose that G(non-bT)= Trans{A} is a group. Set
Gnon-bm)= {"a @ € Gnon-bT)}; then * Gnon-bT) is @ symmetric
group on AR and ¢ : Gmonbr)— = Gmon-bT), @~ ais an
isomorphism.

Proof.: For any a,8e Gnon-bT) @and any [a]e A/R, we have

pap)([a]) = [(ep)(@)] = [a(A@))] = Ka)([A@)])=(oa) p(H))([al);
=o(af) =p(a) p(P) and thus ¢ is a homomorphism. So ¢ s
surjective by the definition of ~ Gon-bT). Now we assume that
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A @)=¢(p) for two elements &, Be Gnon-bT), SO,[ (a)] = [B(a)],
VaeA. Suppose that e is an identity element of Gon-bT), then we
have [a(a)]e = [B(a)]e; VaeA. It follows that e(a(a)) = e(5(a));
VaeA .Hence, a(a) = (ea)(a) = e((a))=e(H(a))=£(a), VacA, and
therefore o =f. We conclude that ¢ is injective. As a consequence,
@ is an isomorphism. ]

Now, let consider the examples 3-2 . Suppose that A={1,2,3}. Let
S$3={(1,2,3), (2,3,1), (3,1,2), (1,3,2), (3,2,1), (2,1,3)} be Symmetric
group. Then we can get the following theorem
Proposition 3-5. Suppose that A = {1, 2, 3}.The Gnon-bT) groups
on a set A are only six groups of order 2.

Proof: Suppose A = {1, 2, 3}, the Trans{A} has 27 mapping from A
to A. S3 ={(1,2,3), (2,3,1), (3,1,2), (1,3,2), (3,2,1), (2,1,3)}.

There exits some groups that are subsets of Trans{A}, but not
subsets of the S3. We know, every group needs to include the
identity. From this point, for all elements of Trans{A}, we will take
one element of Trans{A} as an identity. And, we will find all groups
that can be G(non-bT) groups. So, the only groups of mapping on a
set A with respect to function compositions which are cannot
subsets of symmetric groups are
G1={(1,1,3),(3,3,1)},G>={(1,2,1),(2,1,2)},G3={(1,2,2),(2,1,1)},

G7={(1,3,3),(3,1,1)},Gs={(2,2,3),(3,3,2) },.and Go={(2,3,2),(3,2,3)}.

Also, the groups of order 3 just: {(1, 2 ,3),(2, 3, 1),(3, 1, 2)} which
is subset of S3. However, no other groups of order more than 3 that
cannot be subset of Ss. So, the only groups of mapping on a set A
with respect to function compositions that cannot be subsets of
symmetric groups are six groups of order 2; Gon-bT) are G1,G2,G3,
G, Gs, and Go. u

Example 3-3: Suppose that A = {1, 2, 3, 4}, we have the Trans{A}
set has 256 mapping from A to A. We have Gon-bT)groups of order
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2,4,6. For example, groups of order 2, G={(1,1,4,4),(4,4,1,1)};
groups of order 4 for example Gonbmy groups ={(1,1,4,4),
(4,4,1,1), (1,4,1,4), (4,1,4,1) ;groups of order 6 Gnon-bT) group = {
(1,1,4,3) (1,1,3,4) (4,4,1,3) (4,4,3,1) (3,3,1,4) (3,3,4,1)}.

Remark 3.3. : If G1 and G2 are two Gon-bT)groups, then G1uG2
and G1"Gz2 are not necessary to be Gnon-bT)-group.

Proof: Suppose that X={1, 2, 3}. From example 3-2 if we take
G1={(1,1,3),(3,3,1)}and G2={(1,2,1),(2,1,2)}.

We assume G1CG2 is Gnon-bT) groups. But , it contradiction with
proposition3-5. Since order of G1UG: is four also GiNG2= ¢, and
¢ = S3. So, G1NGz is not G(non-bT) group.

CONCLUSION

We concluded that there exists a groups consist non bijective
mappings from a finite set to itself cannot subset of symmetric
groups Sn. In addition, we studied and the necessary and sufficient
condition for the elements of these groups on a non-empty set A by
using the quotient set of A. However, we turns out that the union and
intersection of two Gnon-bt) groups is not necessary be Gon-b)

group.
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Abstract

In this study the prediction of corrosion rate on pipelines as one of
the factors affecting the transportation pipelines productivity, was
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studied by means of integrity management approach and based on
modeling and prediction of corrosion penetration rate using fuzzy
logic technique.

The parameters investigated were: Temperature, Pressure, Shear
stress and pH, and their values ranges were 105-130°F, 147-605 psi,
1-30 Pa and 5.51-5.65 respectively. The study was implemented to
predict the corrosion penetration rate of the Sarir-Tobruk pipeline
used for crude oil transportation processes at Arabian Golf Oil
Company (AGCO).

The model was created from independent calculated data that were
calculated using NORSOK M-506 software. The mean absolute
error was used to validate the accuracy of the model.

The results of mean absolute error was 0.093548, which indicated
that, the model was an accurate model.

Keywords: corrosion rate, Sarir-Tobruk pipeline, integrity
management approach,

1. Introduction

Pipelines are an important part of the infrastructure that supplies the
energy needs of business and the public. Liquid pipelines transport
fuel that is used to power automobiles, buses, trucks and airplanes.
Natural gas pipelines transport natural gas, propane, and other gases
used for heating homes, powering electric generation plants and
producing chemicals used in industry[1].

Pipeline integrity is critical to ensure maintenance and operational
efficiency; however it is becoming an increasingly challenging task
for the energy industry. Maintenance managers and inspectors must
make sure their pipeline and its associated equipment meet strict
integrity requirements and comply with regulations in order to avoid
unnecessary downtime and mitigate safety and environmental risks.
They must do this while working with increasingly tight budgets[2].
Pipeline Integrity Management (PIM) is the way to ensure that the
people, systems, processes and resources which deliver the integrity
are in place, in use and fit for purpose over the whole lifecycle of
the pipelines.
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2. Literature Review

The state-of-the-art in modelling of internal corrosion of oil and gas
pipelines made from carbon steel is reviewed. The review was
covered the effects of: electrochemistry, water chemistry, formation
of protective scales and scales, temperature, flow, steel, inhibition,
water condensation, glycol/methanol and localized attack. Various
mathematical modeling strategies were introduced and
discussed.[3]

The corrosion in petroleum pipelines was investigated by the

study of the corrosion of mild steel in crude oil and refined
petroleum products which include premium motor spirit (PMS),
dual purpose kero (DPK), automotive gas oil (AGO), and engine oil.
Weight loss technique was used in which test coupons, with a
known weight, were immersed in the test media for a total exposure
time of 60 days, the weight loss was measured at an interval of 10
days, and the corrosion rate was determined. The weight loss and
corrosion rate increase with decreasing density and increasing
weight percent of hydrogen.[4]
Steel are the most extensively used structural materials in the
industry. Mild steel is the most versatile general purpose material
due to its good mechanical strength, easy fabricability, formability
and weldability, abundance and low cost. Also, corrosion rate is one
of the most important input parameters in corrosion-induced
damage prediction models for steel. Its accurate assessment and/or
prediction is therefore required if the damage prediction models are
to be reliably used to predict both the rate and severity of the damage
and to plan for maintenance. The effect of varying temperature,
concentration and time on the corrosion rate of mild steel in 0.5M
H>SO4 acid with and without (wild jute tree) grewia venusta plant
extract was investigated by weight loss. The temperature,
concentration of inhibitor and time were varied in the range of 0 —
10 % v/v at 2% vl/v interval, 30-70°C at 20°C interval, and 45 — 270
minutes at 45 minutes interval respectively. Fuzzy Logic technique
was employed to predict the influence of process parameters on the
corrosion rate of the samples. It was found that, the predicted
corrosion rate of the samples lie close of those experimentally
observed ones.[5].
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Pipeline transportation has been widely used and recognized as the
best way to transport oil and gas in energy industry, because of its
excellent safety features and significant economic advantages.
However, the failure accident of pipelines is one of the most
frustrating issues, as its significant adverse impact on people,
environment and public safety; it can also cause severe economic
loss. Due to pipelines mostly being installed underground,
information limitation and data uncertainties make it difficult to
predict and assess failure risks by a single methodology based
model. Intelligence Systems (IS), in particular Fuzzy Inference
System (FIS) and Artificial Neural Networks (ANNS), have been
significantly developed in recent years. The FIS based and the
ANNSs based model are both introduced to give comparable results,
which provide experts with a more confident risk score.[6]

The paper the indexing pipeline risk assessment methodology was
integrated with subtractive clustering fuzzy logic to deal with the
uncertainty of the real world conditions. From the pipeline risk
assessment indexing method basic rules and scores, a hypothetical
data was created to construct the subtractive clustering fuzzy model.
A case study for a cross country oil pipeline in Egypt was used to
demonstrated the proposed methodology.[7]

3. The Operating Parameters, Design of Experiments and The
Actual Values of Corrosion Penetration Rate (CPR)

CPR of pipeline depends on several parameters. In this study the
effect of the parameters Temperature, Pressure, Shear stress and pH,
were studied using Fuzzy logic methods to predict the corrosion
penetration rate (CPR).

The data taken from Arabian golf oil company (AGOCO), covering
the period between 16/10/2016 to 15/11/2017 for oil pipeline from
the Sarir field to Hrayqga oil port in Tubrug, according to AGOCO,
the total distance of pipeline is 514 km, pipeline diameter 34 inch,
mole percent of CO2 was set at 1.8%. The operating parameters and
corresponding ranges in Sarir field during the period is listed in
Table 1.
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Table 1. The operating parameters, their units, and corresponding

ranges.
Parameters Symbol Unit Range

Lower Upper

value value

Temperature T °F 105 130

Pressure P Psi 174 605

Shear stress SS Pa 1 30
pH pH - 5.51 5.65

Minitab software was implemented to design experiments. Based on
the runs given in Minitab, parameters reentered into the (NORSOK
M-506) software to calculate the actual corrosion penetration rate
(CPRa) as shown in Table 2.

Table 2. Design of experiment and its actual values of CPR,

T P SS pH CPRa
(F) (psi) (Pa) (mmiyr)

1175 605 155 5.58 31
12375 2615 22.75 5.615 19
1175 376 155 551 26
111.25 2615 22.75 5.615 2
1175 376 155 5.58 24
12375 4905 22.75 5.615 28
1175 376 155 5.58 24
12375 2615 22.75 5.545 2.1
1175 147 155 5.58 14
1175 376 30 558 26
1175 376 155 5.58 24
1175 376 155 5.58 24
1175 376 155 5.58 24
111.25 2615 22.75 5.545 22
12375 4905 8.25 5.615 24
111.25 4905 8.25 5.545 2.7
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T P sS pH CPRa
(°F) (psi) (Pa) (mm/yr)
111.25 490.5 22.75 5.545 3.1
123.75 261.5 8.25 5.545 1.8
117.5 376 1 5.58 1.7
111.25 261.5 8.25 5.545 1.9
117.5 376 155 5.65 2.2
117.5 376 155 5.58 24
130 376 155 5.58 2.3
123.75 490.5 22.75 5.545 3
123.75 261.5 8.25 5.615 17
117.5 376 15.5 5.58 24
123.75 490.5 8.25 5.545 2.6
111.25 261.5 8.25 5.615 1.8
111.25 490.5 8.25 5.615 2.6
111.25 490.5 22.75 5.615 2.9
105 376 155 5.58 2.6

4. Implementation of Fuzzy logic Technique Results and
Discussion:
MATLAB fuzzy logic toolbox was developed to predict CPR
values. Using the data given in Table 2, and the calculated CPRa.
The first step in the development of fuzzy logic model is to take the
inputs and determine the degree to which they belong to each of the
appropriate fuzzy sets via membership’s functions. In the fuzzy
logic system, the input was always a crisp numerical value limited
to the universe of discourse of the input variable. The input crisp
variables were temperature, pressure, shear stress and pH.
Temperature variables was labeled and grouped into three levels:
low, medium, and high. The pressure variables was labeled and
grouped into four levels: low, medium, high and very high. The
shear stress variables was labeled and grouped into four levels: Low,
medium, high and very high and pH variables was labeled and
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grouped into three levels: low, medium, high and on the other hand
the output variable CPR was divided into three levels: low, medium
and high.

This research worked a triangular membership function was used
for all input and output variables. Table 3 shows the fuzzy sets of
inputs and output variables.

Table 3. Fuzzy sets of input and output variables

Ranges
Fuzzy set A | B | C
Temperature (°F)
Low 105 110 115
Medium 112 117 122
High 119 1245 130
Pressure (psi)
Low 147 221 295
Medium 255 328.5 402
High 362 437 512
Very high 472 570 650
Shear Stress (Pa)
Low 1 5 10
Medium 7 11 16
High 13 17 22
Very high 19 24 30
pH
Low 5.51 5.538 5.565
Medium 5.55 5.577 5.605
High 5.59 5.622 5.65
CPRa (mmlyr)
Low 1.4 1.7 2.0
Medium 1.8 2.1 24
High 2.2 2.5 2.8
Very high 2.6 2.9 3.1

The fuzzy logic system was based on the rules and each of the rules
depends on resolving the inputs into a number of different fuzzy
linguistic sets. Before the rules were evaluated, the inputs were
fuzzified according to each of these linguistic sets, and the degree to
which each part of the antecedent was recommended for each rule.
Every rule had a weight (a number between 0 and 1) which was
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applied to the number given by the antecedent. Once proper
weighting is assigned to each rule, the implication method was
implemented. The result was a fuzzy set represented by a
membership function, which weights the linguistic characteristics
attributed to it. The aggregates of a fuzzy set encompassed a range
of output values (CPR) and hence it must be defuzzified in order to
resolve a single output value from the set.

Table 4 showed the fuzzy rules, Fig 1 showed the fuzzy logic
simulation stages and surface plate of fuzzy logic for CPR obtained
in Fig 2.

Table 4. The fuzzy rules

No Rule

1 IF (T is medium) and (P is very high) and (SS is high) and (pH is
medium) then (CPR is medium)

2 IF (T is high) and (P is low) and (SS is Very high) and (pH is high) then
(CPRis low)

3 IF (T is medium) and (P is medium) and (SS is high) and (pH is low)
then (CPR is high)

4 IF (T is low) and (P is low) and (SS is Very high) and (pH is high) then
(CPR is medium)

5 IF (T is medium) and (P is high) and (SS is high) and (pH is medium)
then (CPR is high)

6 IF (T is high) and (P is high) and (SS is Very high) and (pH is high) then
(CPRis Very high)

7 IF (T is medium) and (P is medium) and (SS is high) and (pH is medium)
then (CPR is high)

8 IF (T is high) and (P is low) and (SS is Very high) and (pH is low) then
(CPR is medium)

9 IF (T is medium) and (P is low) and (SS is high) and (pH is medium)
then (CPR is low)

10 IF (T is medium) and (P is medium) and (SS is Very high) and (pH is
medium) then (CPR is high)

11 IF (T is medium) and (P is medium) and (SS is high) and (pH is medium)
then (CPR is high)

12 IF (T is medium) and (P is medium) and (SS is high) and (pH is medium)
then (CPR is high)

13 IF (T is medium) and (P is medium) and (SS is high) and (pH is medium)
then (CPR is high)

14 IF (T is low) and (P is low) and (SS is Very high) and (pH is low) then
(CPR is medium)
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No

Rule

15

IF (T is high) and (P is high) and (SS is low) and (pH is high) then (CPR
is high)

IF (T is low) and (P is high) and (SS is low) and (pH is low) then (CPR

16 |. :
is Very high)

17 IF (T is low) and (P is high) and (SS is Very high) and (pH is low) then
(CPR is Very high)

18 IF (T is high) and (P is low) and (SS is low) and (pH is low) then (CPR
is medium)

19 IF (T is medium) and (P is medium) and (SS is low) and (pH is medium)
then (CPR is low)

20 IF (T is low) and (P is low) and (SS is low) and (pH is low) then (CPR is
medium)

21 IF (T is medium) and (P is medium) and (SS is high) and (pH is high)
then (CPR is medium)

29 IF (T is medium) and (P is medium) and (SS is high) and (pH is medium)
then (CPR is high)

23 IF (T is high) and (P is medium) and (SS is high) and (pH is medium)
then (CPR is medium)

24 IF (T is high) and (P is high) and (SS is Very high) and (pH is low) then
(CPR is Very high)

25 IF (T is high) and (P is low) and (SS is low) and (pH is high) then (CPR
is low)

2 IF (T is medium) and (P is medium) and (SS is high) and (pH is medium)
then (CPR is high)

27 IF (T is high) and (P is high) and (SS is low) and (pH is low) then (CPR
is high)

28 IF (T is low) and (P is low) and (SS is low) and (pH is high) then (CPR
is low)

29 _IFh(_TrS low) and (P is high) and (SS is low) and (pH is high) then (CPR
is hig

30 IF (T is low) and (P is high) and (SS is Very high) and (pH is high) then
(CPRis Very high)

31 IF (T is low) and (P is high) and (SS is high) and (pH is medium) then
(CPRis Very high)
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Fig 2: Surface plot of fuzzy logic for CPR

After interference the output values were defuzzified into crisp
values. Defuzzification was performed according to membership
function of the output variable. Table 5 showed the defuzzified
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predicted values of CPR using fuzzy logic model with the deviation
from the actual values calculated using NORSOK M-506 and mean
absolute error.

Table 5. Defuzzified predicted values of CPR, and Absolute Error
T P SS PH CPRa CPRp Absolute
(°F) (psi) (Pa) (mmlyr) (mmlyr) Error
1175 605 155 5.58 3.1 2.9 0.2
123.75 261.5 22.75 5.615 1.9 1.7 0.2
1175 376 155 5.51 2.6 2.5 0.1
111.25 261.5 22.75 5.615 2 2 0.0
1175 376 155 5.58 2.4 2.5 0.1
123.75 490.5 22.75 5.615 2.8 2.9 0.1
1175 376 155 5.58 2.4 2.4 0.0
123.75 261.5 22.75 5.545 2.1 2.1 0.0
117.5 147 15.5 5.58 1.4 1.4 0.0
1175 376 30 5.58 2.6 2.5 0.1
1175 376 155 5.58 2.4 2.5 0.1
1175 376 155 5.58 2.4 2.5 0.1
1175 376 155 5.58 2.4 2.5 0.1
111.25 261.5 22.75 5.545 2.2 2.1 0.1
123.75 490.5 8.25 5.615 2.4 2.3 0.1
111.25 490.5 8.25 5.545 2.7 2.7 0.0
111.25 490.5 22.75 5.545 3.1 2.9 0.2
123.75 261.5 8.25 5.545 1.8 2.1 0.3
1175 376 1 5.58 1.7 1.7 0.0
111.25 261.5 8.25 5.545 1.9 2.1 0.2
1175 376 155 5.65 2.2 2.1 0.1
1175 376 155 5.58 2.4 2.5 0.1
130 376 155 5.58 2.3 2.1 0.2
123.75 490.5 22.75 5.545 3 3 0.0
123.75 261.5 8.25 5.615 1.7 1.7 0.0
1175 376 155 5.58 2.4 2.5 0.1
123.75 490.5 8.25 5.545 2.6 2.5 0.1
111.25 261.5 8.25 5.615 1.8 1.7 0.1
111.25 490.5 8.25 5.615 2.6 2.5 0.1
111.25 490.5 22.75 5.615 2.9 2.9 0.0
105 376 155 5.58 2.6 2.7 0.1
Sum of Absolute Error 2.9
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5. Conclusions

The purpose of this study is to utilize the concept of pipeline
integrity management and to implement Fuzzy Logic technique to
predict the corrosion penetration rate at the Sarir-Tobruk pipeline
used for crude oil transportation processes. Input parameters used in
the model were: temperature, pressure, shear stress and pH. from
this study, implemented and introduced concluded:

- Fuzzy logic could be to successfully predict the corrosion
penetration rate (CPR).

- The developed model was created from independent
calculated data that were obtained using NORSOK M-506
software. The mean absolute error was used to validate the
fuzzy model output the MAE is 0.093548,
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Abstract

The evolution of the technology in sensors, low-power integrated
circuits, and wireless communications have made the design of low-
cost, miniature, lightweight, and intelligent physiological sensor
nodes. These nodes have multi-capabilities like sensing, processing,
and communicating, there is one or more vital signs can be
integrated into wireless personal or body networks (WPANSs or
WBANSs) without being seen for health monitoring. Hopes are
relying on these networks to revolutionize health care by providing
inexpensive, non-invasive, continuous, ambulatory health
monitoring with almost real-time notification of medical records via
the Internet, Wi-Fi, 3G networks or any other wireless network. That
is the reason why there a number of researches being made for
focusing on various technical, economic, and social issues, after all,
still there is many technical difficulties need to be passed in order to
have flexible, reliable, secure, and power-efficient WBANS suitable
for medical applications. In this paper we’ll discuss system
architecture for smart healthcare based on an advanced Wireless
Sensor Network (WSN). It specifically targets assisted-living
residents and others who may benefit from continuous, remote
health monitoring .Also we’ll introduce a general WBAN system
architecture and a developed one. This paper also presents best
practices in wireless sensor network design for health care
applications; Based on the most important aspects like power
efficiency and security which guide the development of a wireless
sensor network based applications.

Keywords: Healthcare Applications, Wireless Sensor Networks,
WWBAN-Architecture, Requirements for Wireless Medical
Sensors, Energy Efficiency.
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1. Introduction

Body sensor network systems are capable of providing patients
with healthcare services such as medical monitoring, memory
enhancement, medical data access, and in emergency situation, it
can alert the healthcare provider by enabling a communication
through the SMS or 3G networks [1]. Continuous health monitoring
systems with wearable [2] or clothing-embedded transducers [3] and
implantable body sensor networks [4] will increase detection of
emergency conditions in at risk patients. Those systems do not only
provide help to the patients, but also their families will benefit from
them. Also, these systems also improve the patient’s life quality by
providing various methods to remotely acquire and monitor the
physiological signals without the need of interruption of the
patient’s normal life [5].

The reason that made the wireless sensor networks (WSNs) more
preferable is that they do not limit the patient to the bed, unlike
present systems; even they allow continuous monitoring of patient
vital signs, these systems require the sensors to be placed bedside
monitors or PCs, and thus the patient should stay in his bed.
Although the WSNSs systems do not require the patient to be limited
to his bed but it also may requires being within a specific distance
from the bedside monitor. Out of this range, it is not possible to
collect data. In most cases, health monitoring will be done by
infrastructure-oriented wireless networks such as commercial
cellular/3G networks or wireless LANs. WSNs carry the promise of
drastically improving and expanding the quality of care across a
wide variety of settings and for different segments of the population.
For example, early system prototypes have demonstrated the
potential of WSNs to enable early detection of clinical deterioration
through real-time patient monitoring in hospitals [6], [7], enhance
first responders’ capability to provide emergency care in large
disasters through automatic electronic triage [8], [9], improve the
life quality of the elderly through smart environments [10], and
enable large-scale field studies of human behavior and chronic
diseases [11], [12].

A number of physiological sensors that monitor vital signs,
environmental sensors (temperature, humidity, and light), and a
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location sensor, used in health monitoring wireless network and all
of these equipment can be integrated into a single Wearable
Wireless Body/Personal Area Network (WWBAN) [12]. The
WWBAN consisting of inexpensive, lightweight, and miniature
sensors can allow long-term, unobtrusive, ambulatory health
monitoring with instantaneous feedback to the user about the current
health status and real-time or near real-time updates of the user’s
medical records. Such a system can be used for computer-
supervised rehabilitation for various conditions, and even early
detection of medical conditions. For example, intelligent heart
monitors can provide information for specialized service in the case
of catastrophic events [14] and also alert users about impeding
medical conditions [13].Moreover Accelerometer-based monitoring
of physical activity with feedback can improve the process of
physical rehabilitation [15]. WWBAN promises a revolution in
medical research through data mining of all gathered information
when integrated into a broader telemedical system with patients’
medical records. What allows the quantitative analysis of various
conditions and patterns is a large amount of collected physiological
data. And if an adequate number of patients are studied in this
manner, researchers will have the opportunity to quantify the
contribution of each parameter to a given condition and explore
synergy between different parameters.

We will describe a general WWBAN architecture as well as
another developed prototype. WWBAN designed using Telos motes
[13] and application-specific signal conditioning modules in this
paper. The developed prototype consists of several motion sensors
that monitor the user’s overall activity and an ECG sensor for
monitoring heart activity. This paper details a hardware and a
software platforms for medical monitoring, discusses open issues,
and also efficient on-sensor signal processing, and an energy-
efficient communication protocol

2. Wearable Wireless Personal/Body Area Network
(WWPAN/WWBAN)

Also referred to as a wireless body area network (WBAN) or a
body sensor network (BSN) is a wireless network of wearable
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computing devices. BAN devices can be accompanied devices,
which people can take in distinct places, in clothing pockets, by
hand or in various totes, implants, or can be surface mounted on the
body Wearable technology or can be embedded inside the body.
While there exists a tendency towards the miniaturization of
products, specifically, networks composed of several miniaturized
body sensor units (BSUs) jointly with a single body central unit
(BCU) [13].

2.1. WWBAN ARCHITECTURE

WWABAN:Ss are a critical part of a multi-tier telemedicine system as
exemplified in Figure (1) .

Tier 1 : encompasses a number of wireless medical sensor nodes
which can be incorporated into a WWBAN. Each sensor node
procedure more than one physiological signals, and also can sense,
and sample those signals. For instance, an electrocardiogram sensor
(ECG) may be used for monitoring heart action, an electromyogram
sensor (EMG) for the monitoring of muscle activity,
electroencephalogram sensor (EEG) for tracking brain electric
activity, a blood pressure level sensor for tracking blood pressure
level, a tilt sensor for tracking trunk position, and breathing sensor
for tracking respiration, and movement sensor may be utilized to
discriminate the status of the user and estimation his or her degree
of action [15]

Tier 2 : encompasses the Private Server (PS) program running on
a Personal Digital Assistant (PDA), mobile phone, or a home
computer. The PS is accountable for a number of jobs, providing an
interface to the user, a clear interface to the wireless medical
sensors, and an interface to the medical server. The interface to the
WWBAN contains management and the network configuration.
The following jobs are encompassed by the network settings: sensor
node registration (type and number of sensors), initialization (e.g.,
specify sampling frequency and mode of operation), customization
(e.g., run user-specific calibration or user-specific signal processing
procedure upload), and set up of a protected communication. After
the WWBAN network is designed, the PS program manages the
network, looking after fusion of the information, time
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synchronization, information retrieval and processing, and channel
sharing

Tier 3 : contains a medical server(MS) obtained via the Internet.
Additionally to the medical server, the last tier might encompass
other servers, like commercial healthcare providers, informal care
providers, as well as emergency servers. The medical server
normally runs a service that gathers the reports from the user, sets
up a communication channel to the user's PS, and incorporates the
information in the user's medical record. Recommendations can be
issued by the service, if reports appear to suggest an unusual
condition as well as issuing alarms. Additional information about
services and this architecture can be discovered in [12].

o
j@"‘f

.D

\—< V “{*;"
Internet \ [] Tdf\
Tier 3. S r

MS

>

Figure 1. WWBAN integrated into a telemedical system for health
monitoring

3. Deployment Scenarios

Figure 2 illustrates 3 typical scenarios using WWBAN. The settings
on the left may be deployed at home, at work, or in hospitals.
Wireless medical sensors attached to the user to send information to
a Personal Digital Assistant, forming a short-range wireless network
(e.g., IEEE 802.15.1 or 802.15.3/4). The information is transmitted
by the Personal Digital Assistant equipped with a Wireless LAN
interface (e.g., IEEE 802.11a/b/g) to the home.
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Figure 2. WWBAN Deployment Scenarios. Legend: A — Activity
Sensor, E — Heart Sensor,

4. Requirements for Wireless Medical Sensors :

Wireless medical sensors should satisfy the main requirements such
as wear ability, reliability, security, and interoperability.

4.1. Wearability: To reach non-invasive and unobtrusive constant
health tracking, wireless medical sensors must be small and
lightweight. Weight and the size of detectors are mainly determined
by weight and the size of batteries. But then, the ability of a battery
is directly proportional to its size. We can expect that further
technology advances in miniaturization of integrated circuits and
batteries will help designers to improve medical sensor wearability
and the user’s level of comfort [14].

4.2. Reliable communication:

Trusted communication in WWBANS is very important for medical
applications that rely on WWBANs. The communication
requirements of different medical sensors vary with required
sampling rates, from less than 1 Hz to 1000 Hz. By performing on-
sensor signal processing to go beyond telemetry we can improve
reliability. For instance, as opposed to transferring raw data from an
ECG detector, we may perform feature extraction on the sensor, and
transfer info that is only about an event (e.g., QRS features and the
corresponding timestamp of R-peak). Additionally to reducing
significant demands for the communication channel, the decreased
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communication requirements thus raise battery life, and conserve on
overall energy costs.

4.3. Security: The issue of security appears at all three tiers of a
WWBAN-based telemedical system. At the minimum level,
wireless medical sensors and privacy needs required by the law for
all medical devices must meet and must ensure data integrity.
Though data integrity, authentication, and key establishment are
challenging jobs in medical sensors that are resource constrained, a
comparatively little number of nodes in short communication ranges
and a typical WWBAN make these jobs achievable [15].

4.4. Interoperability: Wireless medical sensors should allow
users to easily assemble a robust WWBAN depending on the user's
state of health. Standards that specify interoperability of wireless
medical sensors will promote vendor competition and eventually
result in more affordable systems [14,15].

5. WWBAN PROTOTYPE

In order to better comprehend various problems in creating wearable
wireless sensors network for health tracking, science has embarked
into the improvement of a prototype system planned to fulfill the
previously discussed demands for low power consumption, small
size, risk-free communication, and interoperability. This WWBAN
prototype contains multiple ActiS sensor nodes which are based on
custom sensors boards and a commonly employed sensor platform
[12,15]. The first WWBAN setting includes a sensor node that
monitors both ECG activity and the upper body trunk position and
two motion sensors attached to the user’s ankles to monitor activity.
Such a WBAN enables one to evaluate cumulative energy cost and
metabolic rate as parameters that are precious in the direction of
many illnesses and correlate that information with heart activity.
Figure 3 shows heart activity and acceleration data collected by this
prototype during normal walking with a motion sensor attached to
the right ankle.
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Figure 3. ECG, acceleration, and foot switch data collected by the
WWBAN prototype during normal walking.

Figure 4 shows a block diagram of an ActiS with a Telos platform
and a custom Intelligent Signal Processing Module (ISPM). Telos
is powered by two AA batteries and features an ultralow power
Texas Instruments MSP430 microcontroller [16]; a Chipcon
CC2420 radio interface in the 2.4 GHz band; an integrated onboard
antenna with 50m range indoors/125m range outdoors; a USB port
for programming and communication; an external flash

memory; Telos Revision A features a MS430F149 microcontroller
with 2 KB RAM and 60 KB flash memory; The CC2240 wireless
transceiver is IEEE 802.15.4 compliant and has programmable
output power, maximum data rate of 250 Kbs, and hardware support
for error correction and encryption.

ECG electrodes

ISPM Telos

ADXL202 CC2420
|Accelerometer] - P — (ZigBee) |

ADXL202 SP430F1232 Tl ) Flash
(Accelerometer MSP430F149

ECG Signal 1 sl ;I
Conditioning >|USB Interfac
TY f

Figure 4. Block diagram of an ActiS sensor node.
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The Telos platform features a 10- pin expansion connector with one
UART (Universal Asynchronous Receiver Transmitter) and one 12
C interface, two general-purpose 1/O lines, and three analog input
lines. The ISPM board extends the capabilities of Telos by adding
two perpendicular dual axis accelerometers (Analog Devices
ADXL202), a bioamplifier with signal conditioning circuit, and a
microcontroller MSP430F1232 (bioamplifier could be used for
electromyogram or electrocardiogram monitoring. The output of the
signal conditioning circuit is connected to the local microcontroller as
well as to the microcontroller on the Telos board via the expansion
connector

6. Software Organization

The system software is implemented in a TinyOS environment [17].
TinyOS is a lightweight open source operating system for wireless
embedded sensors. It is designed to use minimal resources, and its
configuration is defined at compile time by combining components
from the TinyOS library and custom-developed components. A
TinyOS application is implemented as a set of component modules
written in nesC [18]. The nesC language extends the C language
with new constructs to facilitate the component architecture and
multitasking. By adding direct language support for task
synchronization and task management, it allows rapid development
and minimizes resource usage. Figure 5 shows a generalized
WWBAN software architecture, and from top to bottom, it shows
the network coordinator software, WWBAN node’s Telos software,
and WWBAN node’s daughter card software [18]

6.1. Network Coordinator: The network coordinator can also be
executed on a Telos platform. It assigns the individual sensor 1D and
manages the WWBAN, transmits the messages from the PS that
create a session, feeds the PS program through its USB connector,
distributes keys if protected information are protected, and assigns
communication slots. The network coordinator transmits
autonomous beacon messages for time synchronization. Following
the first set up, it forwards it to the PS program, receives information
from individual detectors, and aggregates the information
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6.2. Telos Software: the Telos program an application is executed
as multiple TinyOS parts encompassing the following high level
features: wireless communication, expanded flash storage,
messaging applications, board-to-board communications, and signal
feature extraction. Telos functions as a master control, by raising an
interrupt request line and it requests information from the daughter
detector card every 40 ms (25 Hz). The daughter sensor card sends
preprocessed information via an asynchronous serial interface. The
received information examined and also can be processed. For
instance, movement sensors can examine acceleration signals when
a motion was made at the moment. The corresponding time stamp
and a measure discovery event are sent to the personal server.
Instead, we may upload raw data at the cost of increased power
consumption from accelerometers.

Personal
Server

Receiver/
Transmitter (USB)
Main Control
(Messaging. Fusion, Buffering)
Wireless
Receiver/
Transmitter

| TimeSync

Network Coordinator
(Telos)

| Flash Storage

Wireless
Receiver/ IW
Telos Transmitter Extraction
Main Control
(Messaging, Timer, Buffering)

Receiver
(UART) | | Flash Storage

Transmitter
(UART)

Sensor board Filtering/
Pre-processing

Data
Acquisition

Architecture Figure 5 WBAN Software

6.3. Sensor Software: The sensor boards handle acquisition of
physiological signals and preprocessing. For example, the ISPM
samples three independent accelerometer axes each at a rate of 200
Hz. The raw accelerometer data is filtered and preprocessed. The
filtering includes moving an average filter to eliminate high
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frequency movement artifacts, and separation of low and high
frequency components of the acceleration signal. Sensor orientation
can be calculated as the angle between low frequency accelerometer
components. User activity is estimated with a function based on the
sum of the integrals of the AC components in each channel [15].

7. ENERGY EFFICIENCY

Energy consumption is a first class design constraint in wireless
sensor networks since they are battery operated. To extend each
node’s lifetime, it is necessary to reduce power dissipation as much
as possible; dissipation below 100 microwatts will enable operation
on energy scavenged from the environment. Various design trade-
offs between communication and on-sensor computation,
collaborative protocols, and hierarchical network organization can
yield significant energy savings. Once the sensor network is
deployed, dynamic power management techniques can be employed
in order to maximize battery life.

In WWBAN systems, reducing total power consumption is crucial
for several reasons. Size and weight of sensors are predominantly
determined by the size and weight of the batteries.

On other hand, a battery’s capacity is directly proportional to its
size. Consequently, WWBAN sensor nodes need to be extremely
energy efficient, since reducing energy requirements will allow
designers to use smaller batteries. Smaller batteries will result in
further miniaturization of physiological sensors and, in turn, an
increased level of user’s comfort. Second, an extended period of
operation without battery changes is desirable, because frequent
battery changes on multiple sensors are likely to hamper users’
acceptance. In addition, longer battery life will decrease WWBAN
operational costs [18]

There is a designed custom, application-specific protocol according
to 802.15.4 recommendations. In order to satisfy medical
application requirements, the network protocol specifies a one-
second super frame cycle (TSFC = 1sec) and each slave node has
its reserved time slot of 50 ms to transmit the data as shown in figure
6. A super frame cycle starts with a beacon message sent by the
network coordinator; the beacon message carries time
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synchronization information. Each sensor node wakes its radio
interface up in a receive mode immediately before the next expected
beacon [16]

Figure 7 shows the power profiles recorded for a motion sensor
using an environment for real time power monitoring [19]. We can
clearly identify three distinct states: Listen, Transmit, and Inactive
modes. As described in Section 3, the ultra-low power
microcontroller on the daughter board samples 3-axes of
acceleration with frequency of 200 Hz. The data is filtered and
buffered. The processor on the Telos board wakes up every 40 ms
(25 Hz) and raises an interrupt requiring the data from the daughter
card. In the Inactive mode the wireless transceiver on the Telos
platform is turned off, and the average current drawn for the whole
sensor is 1.53 mA. The motion sensor can be configured to send raw
accelerometer data or detected steps. If raw accelerometer data is
required, the amount information to be sent per one super frame (1
second) is 3axes X 40 Hz X 2 bytes = 240 bytes
which is equivalent to 12 Tiny OS packets [18]. If the step detection
is performed on the sensor only, information about that event and
corresponding timestamp are sent (1 or 2 packets). The motion
sensor draws on average 20.1 mA in the Transmit mode and 20.8
mA in the Listen mode. The main contributor to this figure is the
wireless radio that draws 17.4 mA when it is transmitting and 19.7
mA when it is receiving. Based on these parameters, we can
calculate the average current as follows.

~ TListen

TTransmit Tsrc—TListen—TTransmit
Tsrc . ITransmit + . Ilnactive (1)

Tsrc Tsrc

Iavg +LListen +

The average current can be used to estimate battery life. If only two
messages are sent per super frame cycle (TListen = 50 ms,
TTransmit = 15 ms), the average current is 2.77 mA. Two AA
batteries on the Telos platform have 2900 mAh capacity, so the
expected operating time of the motion sensor is 1046 hours or over
6 weeks. However, with a tiny 120 mA rechargeable battery, the
operating time will be slightly less than 2 days. Further
optimizations are also possible: depending on the WWBAN
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deployment scenario, we could decrease the output power during
transmission, a super cycle can be extended

(the node would spend less time in the listen mode), or data can be
stored locally in a compressed format and then later transmitted
[19]

Super Cycle
Beacon | SlotHl § Slotf2 | Slot#3 | | | Beacon
Tr. } Listen)
H * Time
50ms 100ms 150 ms 1000 ms

Figure 6. Super frame cycle

Listen Transmit=—"

Idle

o7 07S 0.8 085 EE]
Time [sec]

Figure 7. Actis current consumption during 5 seconds of operation. Red
arrow marks one super frame cycle.

8. WWBAN\WWPAN Conclusion
Wearable Wireless Body Area Networks is a vital infrastructure
empowering unobtrusive, continuous, ambulatory health tracking
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unobtrusive. This new technology has the potential to provide an
extensive variety of advantages through the continuous outpatient
monitoring, early diagnosis of unusual conditions, supervised
rehabilitation, and possible knowledge discovery through data
mining of all collected information to medical staff, patients, and
society.

We've described a general WWBAN design, implementation issues
that were significant, and the other enhanced prototype WWBAN
based on custom designed ECG and motion sensors and off-the-
shelf wireless sensor platforms. We've addressed several key
technical problems like network time synchronization, software
architecture, sensor node hardware design, and energy conservation.
Additional attempts are needed to improve standardization of
interfaces and interoperability, dependability of sensor nodes,
security, and QoS of wireless communication. Additionally,
additional studies of distinct health conditions in ambulatory and
clinical settings are needed to ascertain possible new applications of
this technology and special constraints.

FUTURE DIRECTIONS

Driven by user need and fueled by recent improvements in software
and hardware, the first generation of wireless sensor networks for
health care has demonstrated their potential to transform the practice
of medicine. Looking to the future, the brawl between reliability and
privacy and the capability to set up large scale systems that meet the
applications requirements even when installed and worked in
unsupervised environments is going to discover the extent that
wireless sensor network may be effectively incorporated in health
care practice and research.
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Abstract

Poly(ethylene-terphthalate) (PET) was electorspun using constant
PET concentrations (15 wt %) in Trifluoroacetic acid (TFA) and
Dichlormethae (DCM) solution (50:50 ratio of solvents). The
applied voltage and the distance between the needle and the ground
collector kept constant, while the flow rate of polymer solution was
varied from 0.005 to 0.05 ml/min and two needle diameters were
used. The effect of solution flow rate and needle diameters on the
fiber formation was investigated for better control of the
electrospinning process. The resulting nanofibers were observed
using Scanning Electron Microscopy (SEM). The obtained results
showed nanofibers formation with droplets and beads formation,
however, at critical flow rates of PET solution uniform beadless
electrospun nanofibers was organized, and uniform morphology of
nanofiber was obtained.

Keywords: Electrospinning, PET, Flow Rate, SEM, Nanofiber.
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1. Introduction

Nowadays electrospinning has become the most widely used
technique in producing nanofibers material [1]. Since its first use in
the early 20th century, significant improvements have been made in
the instrument design, material used, and nanomaterials produced
[2]. Fibers produced by electrospinning approach are smaller in
diameter than those produced by conventional fiber production
methods like melt or solution spinning [3]. The average diameter of
these submicron polymeric fibers are in the range of 10 nm to 1 um
[4-6]. Examples of application of nanofibers are in tissue
engineering, drug delivery systems, wound dressings, antibacterial
study, filtration, desalination, protective clothing fabrication, and
biosensors. Several reviews have comprehensively summarized
significant advances in the electrospinning area [7,8].

An electrospinning apparatus includes a pump, a needle, a high
voltage power supply, and a collector [9]. During electrospinning, a
precursor solution is pumped and forced through a narrow orifice to
form dependent droplets at the needle tip. As the voltage increases,
the repulsive force pulls out the solution into a Taylor cone. Once
the voltage reaches a critical value, the repulsive force overcomes
the surface tension of the solution and a liquid jet is ejected from the
Taylor cone to the collector. During this process, the fiber jet
experiences whipping and bending to allow the solvent to evaporate
before fibers are accumulated on the collector, and the whole
process usually takes place in milliseconds [9,10].
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Electrospinning technique offers an attractive method for
mimicking the natural extracellular matrix for tissue engineering
applications. However, a major problem in electrospinning is the
accumulation of fibres and beads formations, which can be limited
by controlling several parameters. The production of nanomaterials
(nanofibers) via electrospinning is affected by many operating
parameters such as applied electric field, distance between the
needle and collector and flow rate, needle diameter. However, other
parameters have great affect on the nanofibers fabrication such as
solution parameters (polymer concentration, viscosity, solvent and
solution conductivity) and environmental parameters (relativity
humidity and temperature). These different parameters can also be
used to control the fabrication of fibers [11,12].

The flow rate of the polymer solution may determine the
morphology of the produced nanofibers. Uniform bead free
electrospun nanofibers might be prepared via a critical flow rate.
The value of the critical flow rate varies with the polymer types. In
some cases increasing the flow rate above the critical value lead to
the formation of beads, as reported for polystyrene, when the flow
rate was increased to 0.10 mL/min, bead formation was observed.
However, when the flow rate was reduced to 0.07 mL/min, bead-
free nanofibers were formed. Increasing the flow rate beyond a
critical value not only leads to increase in the fibre diameter but also
to bead formation (due to incomplete drying of the nanofiber jet
during the flight between the needle tip and metallic collector) [13].
Because increases and decreases in the flow rate affect the nanofiber
formation and diameter, a minimum flow rate is preferred to
maintain a balance between the leaving polymeric solution and
replacement of that solution with a new one during jet
formation[14]. In addition to bead formation, at high flow rate,
ribbon-like defects and droplets have also been reported in the
literature [13,15].

Furthermore few studies contributed to investigate the effect of
needle diameter on the electrospun nanofiber production and
diameter. One study by Macossay el al. reported that there is no
correlation between the needle diameter and electrospun poly
methyl methacrylate (PMMA) nanofibers [16]. While other studies
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show very clear effect to the needle diameter, when different
polymer systems were used [17,18].

On the light of the previous mentioned complexity of the
electrospinning process parameters, only two operating parameters
are chosen to be investigated in this paper, namely the flow rate and
the needle diameter. Poly(ethylene-terphthalate) (PET) was used in
this study. Poly(ethylene-terphthalate) is a semi crystalline polymer
and a thermo plastic, made by melt polymerization, which is heavily
used in engineering. It is soluble in few solvents, the most effective
solvents being Trifluoroacetic acid (TFA) and O-ChloroPhenol
(OCP) [19,20]. PET is used in a variety of applications due to its
resistant to environmental effects and good mechanical properties
[21]. It is used in the automotive and packaging industry
extensively, however lately PET nanofiber mats were used for
filtration [22], protective clothing [23], and tissue engineering
scaffolds [24].

In this research a constant PET concentration in mixture of
Trifluoroacetic acid (TFA) and Dichlormethae (DCM) solution are
used. The applied voltage and the distance between the needle and
the ground collector are also kept constant. The flow rate of polymer
solution was varied from 0.005 to 0.05 ml/min and two needle
diameters were used.

2. Experimental Work

High purity Poly(ethylene-terphthalate) with 40,000 molecular
mass (Mn) was obtained from Polymer Analytic Lab., and was used
in this study as received. The complete characterization of this
polymer is shown in Table 1. Poly(ethylene-terphthalate) solution
was prepared in mixture of TFA and DCM, and the obtained
solutions was continuously stirred for sufficient time (from 2 to 3
hours) at room temperature to increase homogeneity.

TABLE 1. Poly(ethylene-terphthalate) Characteristics and

Properties.
Mn Mw Polydispersity Melting Glass
(9/mol) (9/mol) temperature temperature
(K) (K)
40,000 62,000 1.52 525 350
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Figure (1) illustrates the applied electrospinning apparatus, in its
simplest form. The experimental set-up consisted of a 10-ml syringe
to hold the polymer solution and stainless steel needle, a syringe
pump, two electrodes, a DC voltage supply in the kV range, and a
ground collector ( see Figure (1)). The variable high voltage supply
(built in-house and capable of a voltage up to 50 kV) was used to
apply a potential difference between the spinneret and the grounded
collector plate. The presence of polymer in solution leads to the
formation of fine solid fibres as the solvent evaporates. The charge
on the fibres eventually dissipates into the surrounding environment
[25]. A Hamilton SGE gas tight syringe used as the spinning
solution reservoir was placed in a Kent Scientific (model: Genie
Plus) pump, which fed the PET solution through a needle (gauge 26)
at specified predetermined rate.

Polymer Solution

2B D

e )

Taylor Cone

Syringe Driver

1 High Voltage
T Supply

ot S ORI A

. e

- zﬁ&%\ﬁé

Figure 1. Schematic representation of the applied electrospinning
process.

In order to investigated the effect of polymer solution flow rate on
the nanofibre diameter and formation four different volumetric flow
rate are used namely 0.05, 0.02, 0.01 and 0.005 ml/min. (15% wt.)
poly(ethylene-terphthalate) concentrations was used in mixture of
solvents (TFA and DCM ) with 50:50 volume percent. In all the
experiments a voltage of 15 kV was kept constant and was applied
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to the solution and the solution jet emerging from the needle was
collected on the aluminum foil ground collector. The distance
between needle tip and collector was also constant at 15 cm, room
temperature and relative humidity were 25 °C and 65%,
respectively. To consider the effect of the needle diameter in the
electrospinning process two size of needle diameters were used 0.26
and 0.21 mm.

Scanning Electron Microscope (SEM) analysis was done to
confirm the nanofibers formation and to obtain the morphology of
the electrospun nanofibres. The instrument used was a Zeiss Merlin
Field Emission Scanning Electron Microscope (FE-SEM) with the
Zeiss Smart-SEM software. The electrospun nanofibre mats were
loaded into the chamber of the SEM instrument and images were
recorded under vacuum at 7 kV voltage with 250 pA beam current
and a working distance of 4.0 mm, the column was in high
resolution mode.

3. Results and Discussion

SEM micrographs of Poly(ethylene-terphthalate) (PET) nanofibers
obtained using four different flow rates and with two different types
of needle diameters are presented in Figures from Figure (2) to
Figure (5).

Figure 2(a) and 2(b) present the SEM for nanofibers fabricated
using 0.05 ml/min flow rate using needles with 0.26 mm and 0.21
mm internal diameter (ID), respectively. In this figure one can see
very small length nanofibers formed in-between the large droplets
or agglomeration of polymer that clearly observed in SEM image.
The agglomeration of PET formation can be due to the chain
entanglement and aggregate because the insufficient solvent
evaporation. Small changes in the electrospun fibres (determined
using SEM micrographs) were obtained by varying the needle
diameter from 0.21(Figure 2(a)) to 0,26 mm (Figure 2(b)).
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Figure 2. SEM micrographs of PET nanofibers using 0.05 ml/min,
flow rate and (a) 0.21 mm (b) 0.26 mm ID of needle

As shown in Figures 3 (a) and 3(b), PET electronspun using 0.02
ml/min, flow rate produced nanofibers that are beaded and branched
in shape with a few of agglomeration. The agglomeration are seen
more frequently in the case of larger needle diameter (0.26 mm) as
seen in Figure 3(b).

X S
[/ o~ L ~
i 5 - A

(a) (b)

Figure 3. SEM micrographs of PET nanofibers using 0.02 ml/min,
flow rate and (a) 0.21 mm (b) 0.26 mm ID of needle.

In addition to that, the average diameter for 25 individual nanofibers
of each sample was measured. The results show that large needle
diameter (0.26 mm), give nanofibers with average diameter of 107
nm = 32, while smaller needle diameter (0.21 mm), give nanofibers
with average diameter of 93 nm + 40. This difference in the
nanofiber diameters might be explained as following; when small
needle diameter is used a small drop will form from the polymer
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solution at the tip of the needle, while in the case of using large
needle diameter large drop will form. The small drop will has high
surface tension compared with the large one needle, which needs
very high potential difference to overcome the surface tension and
form polymer jet. The high potential difference increases a force
called electrostatic force which is responsible about stretching the
polymer jet, so thinner nanofibers will be formed and collected on
the ground plate, in the case of small needle diameter [17].

-

2%
K

L3

Figure 4. SEM micrographs of PET nanofibers using 0.01 ml/min,
flow rate and (a) 0.21 mm (b) 0.26 mm ID of needle.

Figures 4(a) and 4(b) present the SEM for nanofibers fabricated
using 0.01 ml/min flow rate using needles with different needle
diameter. As shown in Figures (3) in both Figures 4(a) and 4(b),
PET nanofibers is produced with less beads and agglomeration.
However, ribbon-like structure is obtained in several images as seen
two of them in Figure 4(a) and one in Figure 4(b). The formation of
beads and ribbon-like structures could be mainly attributed to the
large amount of solvent that needed to be evaporated as well as to
the low stretching of the solution in the flight between the needle
and metallic collector. The presence of such beads and ribbon-like
structures could be also attributed o the influence of the gravitational
force [15]. The same effect could also be attributed to an increase in
diameter of the nanofibers with an increase in the flow rate [26]. The
average diameter for the large needle diameter (0.26 mm), the
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average diameter was 102 nm + 25, while for the smaller needle
diameter (0.21 mm), the average diameter was 88 nm = 43.

v

%

S
K2
2- £

N
A

Figure 5. SEM micrographs of PET nanofibers using 0.005 ml/min,
flow rate and (a) 0.21 mm (b) 0.26 mm ID of needle

Figures 5 (a) and 5(b), demonstrate the electrospun nanofibers
obtained using 0.005 ml/min, flow rate by 0.21, 0.26 mm needle
diameters. In this case thinner, smoother and bead free without
agglomeration nanofibers was observed with both small and large
needle diameter compared with nanofibers previously obtained by
large PET solution flow rates. The average nanofibers diameter in
the case of 0.26 mm needle diameter was 95 nm + 27, while with
0.21 mm, the average diameter was 82 nm * 38.

Therefore, with small needle diameter, the nanofibers were thinner.

The nanofibers average diameter variations as a result of PET
solution flow rate change and due to using two different sizes
(diameters) of needle are shown in Figure (6).

In general there is clear trend with positive proportion as the flow
rate increases the average diameters increased and as the needle
diameter increases the average diameters increased as well.
Furthermore, the large variation in the nanofibers diameters
distribution as shown from the standard deviation values for smaller
needle diameter when compared with large needle diameter. This
could be due to cone jets formation secondary stable and not stable
jet cone formation during the electrospinning process, these jets are
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continuously replaced by cone jets. As a result of this phenomenon,
nanofibers with a wide range diameter are formed [15].

160 B (1D=0.26mm) 7]

140 1 EEZZ1 (1ID=0.21mm)

120 —

)

100
80
60 —

40 -

Nanofiber Diameters (nm

20—+

T
0.000 0.005 0.010 0.015 0.020 0.025

Flow Rate (ml/min)

Figure 6. The nanofibers average diameter change with PET solution
flow rate change and using different needle diameters.

From the resulting images, in general, it is observed that the
increasing of Poly(ethylene-terphthalate) solution flow rate leads to
increase the diameter of nanofibers. This can be due to the
increasing in the chain entanglement as the solvent evaporated. On
the other hand, the lower the flow rate the more solvent will
evaporated and stable nanofibers will form, and this appeared to lead
to decrease the diameter of the nanofibers, as the polymer cone will
stretch much longer after the solvent has been evaporated. On the
other hand, when the Poly(ethylene-terphthalate) solution flow rate
is very high, the polymer chains may not have enough to construct
stable nanofibers due to the large quantity of solvent that needed to
be evaporated.

4. Conclusions

Electrospinning is a rapid, simple, and relatively inexpensive
method to fabricate high aspect ratio, submicron diameter size fibres
with high surface area. In this paper, the effect of flow rate and
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needle diameter on the morphology of electrospun PET nanofibers
was investigated. It was found that:

1) Decreasing the PET solution flow rate from 0.05 to 0.005 ml/min,
lead to decreasing in the nanofiber diameter and less bead formation
was observed, which may leads to decreasing the pore.

2) Small needle diameters with 0.21 mm ID produced thinner and
often beadless nanofibres (fibres without agglomeration) compared
with large needle diameter 0.26 mm. These results contributed to
electrostatic force, which responsible about stretching and thinning
the polymer jet.
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ABSTRACT

In this paper, the Adomian Decomposition Method (ADM) is
applying to heat equations subjected to a new technique treatment
of initial boundary value problems by mixed initial and boundary
conditions together to obtain a new initial solution at every iteration.
This is achieved by handling homogeneous and non-homogeneous
boundary value problem for one-dimensional heat equation. The
structure of new successive initial solutions can be give a more
accurate solution.

Keywords: Adomian decomposition method(ADM), heat
equations, initial boundary value problems.
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1. INTRODUCTION

Adomian decomposition method was first developed in [1],[2]. It is
a non-numerical method for solving linear and nonlinear differential
equations, both ordinary, and partial.

Many researchers discussed solution the heat equation. A New
Technique of Initial Boundary Value Problems Using ADM in [3],
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Solution of Heat equation using ADM in [4], Solving
nonhomogeneous Heat Equation by ADM in [5] and heat equation
and its comparative solution in [6]. All these researchers obtained
the solutions the heat equation by using initial and boundary
conditions.

In this paper we consider the one dimensional heat equation:

ou 0%u

a:ﬁ+q(x,t) 0<x<1, 0<t<T (D
Subject to:
u(x,0) = fo(x) , 0<x<1

(2)
ux(O, t) = gl(t) ) ux(lﬂ t) = gZ(t) ,t > 0

where f;(x), g, (t), g, (t) and q(x,t) are given functions.

we present a reliable framework by applying a new technique for
treatment initial and boundary value problems for heat equation, by
mixed initial and boundary conditions together to obtain a new
initial solution at every iterations using Adomian decomposition
method. These technique to construct a new successive initial
solutions can give a more accurate solution, some examples are
given in this paper to illustrate the effectiveness and convenience
of this technique.

2. ADOMIAN DECOMPOSITION METHOD

In this section, we outline the steps to obtain a solution of
problem (1), (2) using Adomian decomposition method, which
was initiated by G. Adomian. For this purpose, it is convenient to
rewrite the problem in the standard form that was presented in [1] :

Le(u) = Ly (u) + q(x, 1)
3
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Where the differential operators:

a a2
L()=5() and Lix() =550
(4) assuming that the inverse L;! exists and is defined by:
L7t = fot(-)dt
(5) Applying inverse operator on both the sides of (3) and using
the initial condition, yields:

Lt (Lt(u(x, t)))

= L7 (L (uCx, ) + L' (q(x, 1)) (6)
From the above we obtain:
u(x, ) = ulx,0) + L' (L (u(x, ) + Lt (q(x, 1))
(7)
Now, we decompose the unknown function u(x, t) as a sum of
components defined by the series:
u(x, t)

= w0 ®

k=0
Where wu, is identified as u(x, 0). The components u;(x,t), are
obtained by the recursive formula:

D w6 = ) + L L (@, D))
k=0
+ L' (g(x, 1)) 9
Or
ug(x,t) = f(x) + L' (q(x 1)) , k=0
(10)
uk+1(x: t) = Lgl(Lxx(uk(xf t))) ) k = 0

Evaluating more components of u(x,t) we obtain a more
accurate solution. Noting that the convergence of this method
has been proved in [1], [2], [7] and [8].
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3. ADOMIAN DECOMPOSITION METHOD FOR

SOLVING INITIALBOUNDARY VALUE PROBLEMS

To convey the basic idea for treatment of initial and boundary

conditions by Adomian decomposition method for solving initial
boundary value problems, we consider the problem (1), (2) and we
construct a new successive initial solutions wu, at every iteration
for (1) (2) by applying a new technique:
we(x,6) = we (x, 6) + (1= 2)[g1(8) —uy, (0,8) | +

x[g2(6) — uy, (1,0)] (11)
where k =0,1,2,...
Clearly that the new successive initial solutions u;of (1) satisfying
the initial and boundary conditions together as follows:

ift=0 then ui(x,0) = u,(x,0),
if x=0 then u,(0,t) = g.(t),
ifx =1 then up(1,t) = g,(t).

4. EXAMPLES
Example 1 : consider the nonhomogeneous heat equation:
ou 0%u X
S =5z txtt, 0<x<1,0<t<T (12)
with
u(x,0) =sinx , 0<x<1
and

u,,(0,t) =1, u,(1,t) =sin(t) ,t>0.

By applying a new approximations u;, in (11), we obtain:
ue (6 6) = we (e, t) + (1= 0)[1— 1y, (0,0) |
+ x[sin(t) — Uy, (1, t)] (13)

Now, we begin with a new initial approximationug(when k = 0):
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ugy(x, t) = sinx + 1 + x[sin(t) — sin(1) — 1] (14)
From (3) and (12) we have:

0%u
Lt(u)=W+xt2 0<x<1, 0<t<T (15)

So from (10) and using a new technique of initial solutions u; we
obtain:

_ xt3
uy(x, t) = sinx + 5

o G 1) = f lazu;’i(x t)

We use (14) we get:

And

u,(x, t) = —(sinx )t

Substituting back into (13) we have consequently the following

approximants:
2

u,(x,t) = (sinx ) e
3
us(x, t) = —(sinx) 3

And so on, from (8) the series solution is given by:
xt3 t t*
u(x, t) —T+smx<1 —F+?—?+"'>
That is :

xt3
u(x, t) = T+ e tsinx

Example 2: consider the nonhomogeneous heat equation:
ou d%u

—=— , 0<x<1, 0<t<T 16
ot ox? g (16)
With:

353 Copyright © ISTJ Ak gina aoball (3 i

Al 5 sl A ) Alaal



27 J.ﬁd\ Aty p ghall i3 gl

International Science and
Smtermtonst s i Tontmelogs Srerend

Jecmlogydounal - \olume 27 Jem o 3 = 22X

October 2021- x4

u(x,0)=1+x+2cos(mx) ,0<x<1
And:
u,(0,t) =1, u,(L,t)=1 , t>0
By applying equation (11), we obtain:
up(x, t) = up(x,t) + (1 — x)[l — Uy, (0,1) ] +

x[1—uy, (1,0)] (17)

Now, we begin with a new initial approximation:
ug(x,t) = —1 + 4x + 2cos(mx) (18)

According to the Adomian decomposition method we have an
operator form for (16):
0%u

Lt(u)=@ ,0<x<1, 0<t<T (19)

From (7) and (10) we get:
ug(x,t) =1+ x + 2cos(mx)

s (6.0) —f [azu}i(x t)

By (18) we have:
u; (x,t) = —m%t (2 cosmx)
we obtain: by (17) and after much algebraic simplification,

u, (x,t) = m*t?(cosmx)
£3
uz(x, t) = —m® 3 (cosmx)

And so on , from (8) the series solution is given by:

24\2 2+\3
(r?t)*  (m°0) +>

Tt
u(x,t) =14+ x+ 2cos(mx) (1 — T +

2! 3!
That is:
u(x,t) = 1+ x + 2cos(mx) e ™'t
354 Copyright © ISTJ L gine aoball (3 gia

A g glall 4 gal) Alaall



International Science and 27 '“’J\ Aall y p ghall 0350 A

Syl Toviemings dearmal

Jﬁggﬂtﬁ?i’dﬁ?m\ Volume 27 R STJ/&

October 2021- x4

Example 3:  consider the nonhomogeneous heat equation:

ou 0%u
a=ﬁ—2€ , O0<x<1, 0<t
<T (20)
With:
u(x,0) =e* , 0<x<1
And

u, (0,t) =et, u,(1,t) =elt ,t>0
By applying equation (11), we obtain :

up(x,t) = e (x,6) + (1 — x)[e™ —u,, (0,0) | +
x[er™t —uy, (1,0)] (21)
Now, we begin with a new initial approximation:

ug(x,t) =e*(-1+2eH+ (1 —-x)et —1]+
x[el™t
—e] (22)
According to the Adomian decomposition method we have an
operator form for (20):
62

t(u)—W—Ze’” 0<x<1, 0<t<T (23)

From (7):
ug(x, t) = e*(—1+ 2e7Y)

Upe41 (%, £) —f lazu;(x t)
By (22) we have :

u(x,t) = e*(2—t—2e")
By (21) and after much algebraic simplification, we obtained:
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£2
uy(x,t) = e* (—2 + 2t — >~ Ze‘t>

t3
us(x, t) = e* (2 —2t+t%— i 2e‘t>
And so on, from (8) the series solution is given by:

£2 43
= eX - 4| = ext
u(x,t) =e <1 t+2! 3!+ ) =e

CONCLUSION

The results obtained in this paper, a very effective to construct a
new initial successive solutions u; by mixed initial and boundary
conditions for equation (1) together which explained in formula (11)
used to find successive approximations wu; of the solution by
Adomian decomposition method to solve initial boundary value
problems. These technique to construct of a new successive initial
solutions can give a more accurate solution.
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Abstract

Toxoplasma is an intracellular protozoan parasite distributed
worldwide. Humans can become infected by the accidental
ingestion of Oocytes in cat feces, eating undercooked meat,
congenitally from an infected mother or from a blood transfusion.
T. gondii I1gM is detected 1 week after infection, and is considered
as an early diagnostic marker for toxoplasmosis. 1gG antibodies
detected 1-2 weeks following infection and can persist lifelong,
hence used as indicator of a previous infection. 140 blood samples
were collected randomly at previous time from voluntary blood
donors at Blood Bank of Mohammad Al Mgariaf Hospital -
Ajdabiya from October 2013 to January 2014, and analyzed for anti-
T. gondii IgG and IgM antibodies using “ ELISA technique”. Data
were analyzed using SPSS (10) by Chi square test. 62 (44%) of
subjects were seropositive for toxoplasma, while 78 (56%) were
negative. The positive 1gG cases were 62 out of 140 (44%),
represented (100% ) of the total positive cases, While IgM positive
cases were 6 out of 140 (4.3%) and about (10%) of 62 positive
cases. Those IgM positive showed IgG positive results too. On
conclusion the infection percentage (44%) is considered high and
those donors could transmit infection to recipients who received
their blood, this could cause a serious consequence in pregnant
women or immunocompromised or who facing a decreased
immunity. Therefore screening of blood for toxoplasma antibodies
may be considered in blood donors’ investigations. This study aims
to determine the seroprevalence of toxoplasmosis and related
epidemiological features among blood donors.

Key Words: Seroprevalence, Toxoplasma, 1gG, IgM, Blood
donors.

Introduction
Toxoplasmosis caused by a coccidian parasite, Toxoplasma gondii
can multiply in any nucleated cell of human body. The infection can
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remain dormant for many years and resurface by activation to cause
clinical symptoms [1]. Toxoplasma is an intracellular sporozoan
distributed world- wide that infects all vertebrate species although
the definitive host is the cat Humans can become infected by the
accidental ingestion of Oocysts present in cat feces by eating raw
or undercooked meat congenitally from an infected mother or from
a blood transfusion [2, 3].

IgM is serologically detected 1 week after infection, and hence, is
considered as an early and sensitive diagnostic marker for acute
toxoplasmosis. 1gG antibodies against T. gondii can be detected 1
2 weeks following infection and can persist lifelong at residual
titers, this antibody is an indicator of a previous infection [4].
Estimates indicate that up to one third of the world's population is
infected by T. gondii. Most infections in immunocompetent humans
are asymptomatic and in up to 10% of infected individuals cervical
lymphadenopathy or ocular disease occur [5]. Changes in
population demographics and increases in international travel and
immigration may all contribute to an increase in the number of
parasitemic individuals who present as prospective blood donors.
Consequently, a need may arise to develop new policies to prevent
transfusion-transmitted parasitic infections [6]. Although many
infections can be transmitted through blood transfusion, it is not
possible to carry out screening tests for all [7]. Humans may remain
infected for life and will stay asymptomatic unless
immunosuppression may occur [8]. No information available about
the current Toxoplasma gondii seroprevalence in Algeria, Libya,
Syria, and Yemen [9].

There is scarce information about the epidemiology of T. gondii
infection in blood donors in Libya. Therefore, we sought to to
estimate the prevalence of Toxoplasma gondii infection in blood
donors included in the study in Ajdabyia City, Libya.

Materials and methods

- Study area, time, and population
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A total of 140 blood samples were collected randomly from a
voluntary blood donors attended to Blood Bank department in
Mohammad Al Mgariaf Hospital in Ajdabiya. Samples were
collected between October to January 2014. All the donors were
interviewed for demographic, medical and blood donation
information and data recorded after taking consent and full history.

- Blood collection and serological tests

All blood donor samples were collected in 5ml plain tubes and left
for 15 min then transported to the laboratory at High Medical
institute of Ajdabyia according to hospital arrangements until the
serum separated, then centrifuged for 5 min. at 3000 RPM. Then the
sera transferred to another tube. Every tube take number
corresponds to the number of donor's name on the questionnaire,
and kept frozen at -20 until needed for analysis. Serologic tests for
anti-T. gondii 1gG and IgM antibodies were performed using
enzyme linked immunosorbent assay “ ELISA technique” using “
Beckman Coulter Immunoassay System” Acess 2 system shown in
figure 1. and figure 2.

Figure 1. Beckman Coulter “ Acess 2 system ”
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Figure 2. Rack identified by a bar code label

- Data analysis

Data obtained in this study were analyzed using SPSS statistical
package (version 10). Frequencies, percentages were computed and
the comparison was made by Chi squire analysis. A statistically
significant difference was considered if a P-value less than 0.05
(p<0.05) was obtained.

Results

140 blood samples were collected from blood donors came to Blood
Bank department at Mohamed Al Mgariaf hospital in Ejdabia city.
Their educational level was different, and nearly all of them had no
previous information about toxoplasma infection, and they mostly
did not examined for toxoplasma in the past. Blood donors were
males except one donor who was female.

The detection of IgG antibodies and absence of IgM antibodies
indicates an old infection. However, if test results are positive for
both 1gG and IgM, interpretation is difficult, as the positive results
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might be owing to either a recent infection or low levels of IgM
antibodies from a previous infection [10].

Sera from blood samples were tested for both Toxoplasma IgM and
Toxoplasma IgG, Where the donors were from different ages, were
classified into four age groups as explained in figure 3.

70

60 1

50 1

40 7

30 o

20 4

10 o

18 - 29 30 - 42 43 - 54 55 - 67

Age group

Figure 3. Age group distribution of blood donors

Number of subjects distributed according to their ages on the
different age groups was as following:

66 Blood donors their ages were from 18 — 29, 58 Blood donors
ages from 30 — 42, 10 Blood donors ages from 43 — 54 and 6
Blood donors ages 58 — 67.

Of 140 tested sera, 62 voluntary blood donors were seropositive
when tested for toxoplasma regardless it was 1gG or IgM antibody
to T. gondii represented 44%, while 78 blood donors were normal
who represented 56%. Figure 4.
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Figure 4. Toxoplasma serological test result

As explained in figure 5, The positive IgG cases were 62 cases
which represented 44% of all cases. This is 100% of the positive
cases

Positive

Negative
55.7%

Figure 5. Toxoplasma IgG test result
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Regarding IgM the positive cases were 6 cases represented 4.3%
of all cases and 10 % of the positive cases. See figure 6.

The six cases which were IgM positive showed IgG positive results
too.

Positive

4.3%

Negative

95.7%

Figure 6. Toxoplasma IgM test result

Concerning the distribution of toxoplasma IgG infection among the
different age groups in this study it is explained in table 1.

Table 1. Distribution of toxoplasmosis seroprevalence (IgG)
according to age groups

Toxo. 19G
Age group Positive Negative Total
Age 18-29 27 39 66
30-42 25 33 58
43-54 6 4 10
55-67 4 2 6
Total 62 78 140

In the age group 18 — 29 positive IgG cases were 27 of 66 (40%)
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In the age group 30 — 42 positive IgG cases were 25 of 58 (43%)
In the age group 43 — 54 positive IgG cases were 6 of 10 (0.6%)
In the age group 55 — 67 positive IgG cases were 4 of 6 (0.66%)

Concerning the distribution of toxoplasmosis IgM infection among
the different age groups, it is explained in table 2.

Table 2. Distribution of toxoplasmosis (IgM) according to age groups

Toxo. IgM
Age group Positive Negative Total
Age 18-29 2 64 66
30-42 3 55 58
43-54 1 9 10
55-67 0 6 6
Total 6 134 140

In the age group 18 — 29 positive IgM cases were 2 of 66 (3%)
In the age group 30 — 42 positive IgM cases were 3 of 58 (5%)
In the age group 43 — 54 positive IgM cases were 1 of 10 (10%)
In the age group 55 — 67 No positive IgM cases.

Discussion

The blood donors in this study were randomly selected and
donor's ages ranged from 18 — 67 years old, the majority of them
were in the age group 18 — 29 followed the age group 30 — 42,
(47.1%, 41.4% respectively) followed by 43 — 54 and 55 — 67 (7.2
%, 4.3%).

Of 140 tested sera in this study, 62 blood donors were positive when
tested for toxoplasma regardless it was 1gG or IgM, that means 44%
of cases, while 78 blood donors were normal who represented 56%,
which is near to what found in Amman the Jordanian capital where
41.5% of blood donors were seropositive [11].0n the other hand it
was more than what found in a study carried out in Al-Hassa in
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Saudi Arabia they screened 784 Saudi blood donors; 37.5% were
found to be seropositive [12]. Also more than those in the Kuala
Lumpur in Malaysia, where a study showed that the seroprevalence
of toxoplasmosis in Healthy Blood Donors were 28.1% [13]. And
those in Karnataka 20.3%. In an Iranian Journal as well “prevalence
of toxoplasmosis was reported as 23.6% in blood products” [14].

Most of the positive cases in this study were IgG, they was 62 cases
who represented 44% of all cases and 100% of the positive cases,
where they were mainly distributed in the age groups 30-42 and 18-
29 ( 43%, 40% respectively ) with a small percentage in the age
groups 55— 67 and 43 — 54 (0.66%, 0,6% respectively). If compared
to a study done in

The positive IgM in the current study were 6 cases who represented
4.3% of all cases and 10% of the positive cases. We here should
focus that the six cases which were IgM positive showed IgG
positive results too, so we notice those which revealed positive
results in both 1gG and IgM cases which could considered to be
recent infections.

Concerning toxoplasma spread among blood donors in Libya it
seemed that almost all the limited numbers of studies done were
interested in the seroprevalence among pregnant women or other
categories in the general population, As an example in 1987;
Toxoplasma antibodies were found at a titre of 1:16 or above in
51.6% of 2000 adult males, in 43.4% of 300 adult females, and in
43.7% of 1980 schoolchildren (7-18 years of age) from the area of
Tripoli [15]. Also in Benghazi in a study publicized in1991
mentioned that 40 to 50% of adults and 63.3% of pregnant women
were toxoplasma seropositive [16].

In a study in Baghdad; 2.5% had acute toxoplasmosis characterized
by the presence of positive IgM antibodies, While 30.25% of
samples had chronic toxoplasmosis characterized by the presence of
positive 1gG antibodies only [17]. If compared to our results we can
notice that acute infections in our study showed a relatively higher
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percentage, and a slightly lower percentage regarding the chronic
infections.

In Saudi study IgM showed 3 positive cases of 150 among the blood
donors (2%), also it is less than our percentages [18].

IgM seropositive results were mainly distributed in a descending
manner among the age groups as follows: 43-54, 30-42, 18-29 (10%,
5% and 3% respectively) with no positive cases reported in the age
group 55-67. In comparison to an Iragi study done in Baghdad in
2013 which mentioned that “In relation to age group the results
showed high positive percentage samples, 30 (24.79%) in ELISA
IgG test at age group of both (18-25) and (26-33) years, whereas the
lowest one was 7(5.78%) as noticed at the age group of (50-57)
years” This shows a higher infections among younger ages and this
finding agrees what we explained concerning this point [17].

By comparision of the seropositivity of IgG and IgM which
mentioned above (44%, 4.3%) respectively we can notice that
percentages were relatively lower those found in a study on the anti-
toxoplasma IgG and IgM among blood donors in Al Ain United
Arab Emirates, where the overall infection rate was 34%, acute
toxoplasmosis in 3% of the blood donors [19], and lower than a
Saudi blood donors in eastern Saudi Arabia who showed that 40
volunteers (40%) positive for anti-T. gondii IgG antibodies [20], and
in Turkish blood donors the seroprevalence of the anti- T. gondii
IgG and IgM antibodies was 20.25%, 2.33% respectively [21]. Also
less than the seroprevalence of IgM and IgG antibodies in in the
Czech Republic in 1989 was 2.4% and 32.1%, respectively[22], and
in Tehran 38.6% and 0.45% were positive for IgG and IgM
respectively [23].

Our results were less than our neighbor country the positive results
of Anti-Toxoplasma gondii IgG among voluntary Egyptian blood
donors was 155 (59.6%) of 260 [24].

Conclusion

Our results showed that 44% of blood donors were infected by
Toxoplasma which classified as acute and chronic infections,
indicating high level of transmission among the study population,
and those donors could transmit infection to recipients who received
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their blood, this could cause a serious consequences in pregnant
women or patients whom immunity is compromised or when facing
a decreased immunity level. Therefore screening of blood for
toxoplasma antibodies may be considered in blood donors’
investigations.
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ABSTRACT

This paper investigated the efficiency of applying minimum
quantity lubrication (MQL) and emulsion (EM) cooling strategies in
end-milling of Inconel 718 using a wavy-edge, bull-nose, helical
end-mill (WEBNHE). A mechanistic cutting force model was
developed to predict cutting force components and the resultant
cutting force of this end-milling process under the cooling
strategies. Experiments were conducted to calculated cutting force
and edge force coefficients, which incorporated the cooling
strategies in the mechanistic model, and to validate the mechanistic
model. Cutting force components of both cooling strategies were
predicted and compared to each other, and then compared to
experimental counterparts. Results showed that predicted cutting
force components and the resultant cutting force of both strategies
were in good agreement in shape and magnitude with their measured
counterparts. Results also showed that end-milling under MQL
generated lower cutting force comparing to EM. Moreover, the
investigation showed that applying MQL has also improved the
productivity and machinability of Inconel 718. Consequently, MQL,
meets the demand for cleaner machining of this metal, and serves as
an effective and efficient alternative to EM.
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NOMENCLATURE

Symbol Description
ar Radial depth of cut
da Axial depth of cut
Ns Spindle speed.

f Feedrate (table feed)

¢s Starting angle (the angle at which a cutting edge enters the
cutting zone)

pe Exit angle (the angle at which a cutting edge leaves
the cutting zone)
da, Differential axial immersion
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i Arbitrary axial disk of the endmill

j Arbitrary cutting edge

P;; Arbitrary point (A point at axial disk i and on cutting
edge j

1.(z;) Endmill radius at point P;;

k(z;) Axial immersion angle

Rr Radial distance between corner radius center and
endmill centerline

Ro Corner radius or bull nose radius

Zt Temporary depth of cut (temporary axial immersion)
D Endmill diameter

Pij Polar coordinate or radian immersion angle of point
P;;

Dy Pitch angle between preceding cutting edges

Yij Lag angle of point P;;

Swij Distance between the point P;; and reference line of
every cutting edge

Ysnife(j) Lag angle at the last point of the linear part of
the cutting edge (j).

ds Differential cutting edge length at point P;;

db Differential chip width

Nt Number of cutting edges of the endmill.

drt, der, dra - Differential tangential, radial and axial cutting force
components

Kt ,Kre ,Kac  Cutting force coefficients in tangential, radial and
axial directions

Kte, Kre, Kae  Edge force coefficients in tangential, radial and axial
directions

ft Feed per tooth

Fx, Fy, F; Cutting force component in x ,y, and z directions
Ft, Fr, Fa Cutting force components in tangential, radial, and
axial directions.

Fr Resultant cutting force Fr = \/F,f +F’ + F?

¢«ij  Instantaneous angular position of the arbitrary point P;;
PR Rotation angle of the endmill
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g A control function

hc Instantaneous undeformed chip thickness

A Wave length (one cycle of the wavy-edge)

Ma Wave magnitude of the sinusoidal wave

Shift (j) Axial length of the linear part of every cutting edge(j)

Y Helix angle of the wavy-cutting edge

MQL Minimum quantity lubrication

EM Emulsion

INTRODUCTION

Cutting fluids have become very essential for most of machining
operations especially when machining hard-to-cut alloys such as
Inconel 718. This alloy possesses harsh properties such as low
thermal conductivity, high work-hardening probability, exceptional
shear strength, incomparable wear resistance, and high capability to
adhere on cutting edges. Due to these aggressive properties, a
premature failure of cutting tools is usually expected if dry
machining was conducted (Dudzinski, et al. 2004). Therefore,
cooling and lubrication fluids are essential. Oils and water-soluble
oils (Emulsion) are the most common conventional cooling and
lubrication fluids applied in machining of Inconel 718. However,
these fluids do not last long and need to be replaced frequently.
Moreover, these fluids are neither recyclable nor easy disposable;
They are very harmful to environment and human health. Therefore,
manufacturing companies have been trying to avoid cutting fluids
or reduce consumption of these fluids (Yuan, et al. 2011). In this
regard, researchers have been persistently investigating efficiencies
of new cooling strategies. For instance, Zhang and Wang (2012)
compared cutting forces and tool life of end-milling of Inconel 718
under dry cutting and MQL. They used cryogenic compressed air
combined with biodegradable vegetable oil sprayed by two nozzles
directly on a tool-work piece interface. They reported that MQL
reduced cutting force drastically and increased tool life by 1.57
times comparing to dry cutting. Su (2007) investigated effects of
four cooling strategies: dry cutting, MQL, cooled air, and a
combination of cooled air and MQL (CAMQL) in high-speed end-
milling of AISI D2. Su reported that CAMQL reduced tool wear
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drastically, improved surface roughness, and elongated tool life.
Kang (2008) compared the performance of coated carbide in end-
milling of AISI D2 under dry cutting, EM, and MQL cooling
strategies. He reported that EM strategy resulted the shortest tool
life due to severe thermal cracks happened to tool. Kang also
reported that MQL improved the performance the most. Kuo (2006)
developed a mechanistic model to predict the cutting forces in
milling of Inconel-718 using a coated carbide end-mill under two
cutting conditions: wet and dry. He incorporated the two cooling
strategies in his mechanistic model through six cutting force and
edge force coefficients. Kuo reported that the efficiency of the
mechanistic model was improved under wet cutting comparing to
dry cutting. Pawade et al. (2007) investigated effects of cutting
speed, feedrate, depth of cut, and tool cutting edge geometry on
cutting forces, surface roughness and surface damage in high-speed
turning of Inconel 718 using a Polycrystalline Cubic Boron Nitride
(PCBN) cutting tool under dry cutting. The cutting conditions they
applied and the dry cutting they adopted yielded the largest cutting
forces and generated poor surface finish. Ameen (2014) investigated
effects of four cooling strategies: EM, MQL, liquid Nitrogen (LN2),
and a combination of MQL and LN3, on cutting force and edge force
coefficients in the end-milling of Inconel 718 using wavy-edge,
bull-nose, helical endmill (WEBNHE). Ameen reported that MQL
and MQL+LN2 were similar and generated the lowest feed force
component, while LN2 generated the highest one followed by EM.
Okafor and Sultan (2016) developed a mechanistic cutting force
prediction model to predict cutting force components and resultant
cutting force. They incorporated the effect of EM cooling strategy
in the mechanistic model.

This study was conducted to investigate effects of MQL and EM
cooling strategies in end-milling of Inconel 718 using a unique
endmill called a wavy-edge, bull-nose, helical endmill (WEBNHE).
Cutting force components were predicted using the developed
mechanistic model, and used in this research to investigate the
efficiencies of the two strategies. Both cooling strategies were
incorporated into the mechanistic cutting force prediction model
through six specific cutting force and edge force coefficients that

376 Copyright © ISTJ Ak gina aoball (3 i
A8l 5 o lell 4 pal) Alaall



International Science and 27 "'\’J\ Aall y p ghall 0350 A
Technology Journal —————
43 gl A Al Volume 27

22X
October 2021- s S T -J /\

were measured and calculated experimentally. This study was an
endeavor to investigate the efficiency of one of the environmental-
friendly cooling strategies that will replace the traditional cooling
strategies, and avoid their harmful effects.

MACHINABILITY OF INCONEL 718

Inconel 718 is extensively used in aggressive applications such as
gas turbines, spacecraft, and nuclear reactors (Zhang, Li and Wang
2012, Sharman, Dewes and Aspinwall 2001). However, machining
of Inconel 718 experiencing difficulties such as generating high
temperature at cutting edges, reducing tool life, induceing the
residual stress, and promote work hardening of the machined part
(Dudzinski, et al. 2004). Therefore, the end-milling of Inconel 718
has to be carried out at low cutting speeds with an efficient cutting
fluid (Sharman, Dewes and Aspinwall 2001, Dudzinski, et al. 2004).
WAVY-EDGE BULL-NOSE HELICAL ENDMILL

WEBNHE is a helical endmill with cutting edges formed as
sinusoidal wavy-helical profiles as shown in Fig (1). Cutting edges
of this endmill compose piece-wise functions of two parts: linear
and nonlinear part. The end-mill was designed to improve the
dynamic behavior of the endmilling processes and to reduce cutting
forces generated during endmilling operations.

Fig (1). The WEBNHE Engaged in partial radial immersion up-milling,
Showing Machining Parameters (aa, ar, ns, f, @5 , and @,) (Okafor and
Sultan 2015)

GEOMETRY OF THE WEBNHE
Fig (1) depicts a WEBNHE engaged in up-end-milling of a partial
radial immersion (radial depth of cut, a,.) and axial immersion (axial
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depth of cut, a,), at cutting speed (ns) and feederate (f). The endmill
starts cutting at the starting angle @ , and leaves the cutting at exit
angle @.. Engin and Altintas (2001) developed a generic
mathematical model to represent many helical endmills
geometrically. Their model divided the geometry of helical endmills
into two geometric components: The envelope and the cutting
edges.

WEBNHE’S ENVELOPE

Fig (2-a) illustrates the envelope of WEBNHE. The envelop is
divided into two zones: the arc zone and the cylindrical zone. To
define the two zones, the endmill has to be axially divided into small
disks of thickness da,. Both zones are defined by an arbitrary
point P;;, which is located on an axial disk i and cutting edge j. The
point P;; is defined by its radial immersion 7,(z.), which is the
distance between P;; and the center of the endmill, and the axial
immersion angle k(z.). Radial and axial immersions can be defined

as follows:

l
cal zone

A e
. l &

daa
|0‘ ki |
Axial disks

A:A
Fig (2-a) A sectional front view of the envelope
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Fig (2-b) A top view of WEBNHE illustrating radial Immersion (@;;) of
Point P;;

ez

2|

Te(Zy) —f
DIF—Rr—

1 k(z)
\ E{* Bl N/
k(z) — Re

Fig (2-c) Radial Immersion 7, (z,) and axial Immersion Angle k(z;) of
Point P;j (Okafor and Sultan 2015)

'P

FOR THE ARC ZONE
Using the triangles in Fig (2-c) yields the following

(BC)? + (AB)? = (AC)?

(BC)? + (Ro — 2)* = (Ro)?

BC = \/R% — (Ry — 2¢)?

7(2) = Ry +\/R§ — (Ro — 2,)? 1)
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FOR THE CYLINDRICAL ZONE
Te(zy) =D/2 )

The point P;; also has an axial immersion defined by the axial
immersion angle k(z.), which can be calculated at any point along
the envelope using the triangles ABC and DEC as illustrated in
Fig.(2-c)

EC _ BC
DC AC
re(z) _ \/R% — (Ry — z¢)?
DC R,
DC — re(Zt) X Ro
\/R% - (Ro - Zt)z
TralZ
sink(z,) = (2
re(z) XRo
JR%—(RO—Zt)Z
FOR THE ARC ZONE

k(z,) = sin~! /1 —(1- ;—2)2 (3)

FOR THE CYLINDRICAL ZONE

k() =5 @

GEOMETRY OF THE WAVY-CUTTING EDGE PROFILE
The second part of WEBNHE geometry is the shape of the cutting
edge, which is defined by the radial immersion angle @;; of point
P;; (Merdol and Altintas 2004, Kuo, et al. 2006, Engin and Altintas
2001) as follows:

Pij =G — D0y — ¥y (5)
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Where @, is the pitch angle (see Fig (2-b)), which can be calculated
by Eq. (5-a) as following:

@p = 21T/Nt (5&)

The lag angle 1;; can be approximated by unfolding the WEBNHE
so that the cutting edges become piece-wise functions of two parts:
linear and nonlinear part as shown in Fig (3). Due to the unfolding
process, the lag angle of point P; has been converted to a
distance ( Sw;; = ¥;;.7.). Swy;is the approximation for the
horizontal distance (x-coordinate) between the point P;; and the
reference line of every cutting edge, which is shown in Fig (3).
Sw;j is approximated for point P;; to define its location. There are
two options for the point P;; as following:

Point Pjj is located in the linear part

Swij =i X dag X (—tan(y)) (5b)

Where (i) is the disk number, and the sign before the “tangent” is
negative because these cutting edges are “right-handed” and would
be positive if the cutting edges are “left-handed”.

Point Pjj is located in the nonlinear part

All wavy cutting edges are identical in terms of wave length and
wave magnitude. Thus, it is enough to approximate one wavy-
profile for all cutting edges. Therefore, a cubic spline approximation
approach could be used to estimate Sw; at every subinterval n of the
wavy profile. The following Eq. can be used for this approximation:
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Nonlinear

Part
—N,
SW.fj:rr_'¢11:1‘c¢:1
reyiz4 Swiz
-
\ -~
h= I Linear
= S Shift (2) Part

F Y
Shift (1) | <

h 4
Ielainn > |8 TePiz=re@Pp =I x
-~ [—

Reference lines of 1%
and 2" cutting edge

Fig (3) Linear and nonlinear parts of the first two wavy-cutting Edges
(Okafor and Sultan 2015)

Swi = apn + bp(2; — 25) + ¢z — 2,)* + dp(2; — 2,)° (5¢)

Where (n) is the subinterval of the wavy profile (n=1,2, 3..., etc.)
and a, b, ¢, and d are geometric coefficients that have to be
calculated at every subinterval n. More detail about this
approximation and how to determine these coefficients is available
at (Onwubiko 1989, Merdol and Altintas 2004)

The lag angle can be approximated based on the location of point
P;; as in the following subsections.

Point Pjj is located in the linear part

SWij

Yij =— (Sw;; only of the linear part) (5d)
Point Pjj is located in the nonlinear part
SWshirt (j)
Yshife(hy = ————
re
Yy = rs‘(’;i) + Y snirecjy (Swij only of the nonlinear part) (5e)
e\4t

Where ¥ gpif¢(j) is the lag angle of the last axial point (z=Shift) of
the linear part.
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DIFFERENTIAL EDGE LENGTH (dS)

The differential cutting edge length (dS) is another essential
parameter for the mechanistic cutting force prediction model
(Wang, et al. 2012, Talekar and Okafor 2011, Gradis“ek, Kalveram
and Weinert 2004, Abainia, et al. 2012).The following Eq. is used
to calculate the dS;; as the following subsections.

For the arc zone

dSij = d@ij Tez(Qij)‘l‘(Te'(@ij))z + (Z’(@ij))z (6)

Since r, @;;, and ¥;; depend on the instantaneous elevation z:, Eq.
(6) can be rewritten as:

dSyj = dagy (1 (z) ¥'(2))*+ (' (2))* + 1 (6)

Where the lag angle ¥ (z;) can be calculated at the arc zone as:

_tan(y) (6b)
= R, (z¢)

Yij
Differentiating Eq. (6b) with respect to the elevation (z;) yields:

. tan(y) (6¢)
ij — R—o

By differentiating Eq. (1), .’ (z,) can be calculated as follows:

z: — R, (6d)
\/Rg - (Ro - Zt)z

re’(Zt) =

Substituting Egs. 1, 6¢, and 6d into Eq. (6a) gives dS in the arc zone
as:
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Ry +RE— (R, =27 | (2, — Ry)? 6
+ — -z 7 — e
=da, [|[——"——2" | tan2y + 55— 41 (6¢)
Ro R5 — (Ro — 2¢)

For the cylindrical zone

.
ds;; = J((||SW(Zt)(i+1)| — |SW(Zt)(i)||)2)j + (dag)? ")

THE DIFFERENTIAL CHIP WIDTH (db)

Chip width db is used for chip cross-sectional area calculation, so it
has to be identified in the arc and cylinderical zones. Figure 4
depicts the db in both zones, which is calculated using Egs. (8) and
(9) as following (Talekar, 2011; Abainia, Bey, Moussaoui, &
Gouasmia, 2012; Gradis“ek, Kalveram, & Weinert, 2004):

/_Z

D R, -
DN . daa=db
d AN he
aa g
=== 3
0 % db
k(=) ;
db
daa ¢
Fig (4) Chip Widths in the Arc and Cylindrical Zones (Sultan and Okafor
2016)
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For the Arc Zone
_ da, (8)
Y7 sin(k)
For the Cylindrical Zone
db;; = da, (9)

The axial immersion angle k(zt) was calculated in Eq. (3).

MECHANISTIC CUTTING FORCE MODELING OF THE
WEBNHE

The differential tangential, radial, and axial cutting force
components (dF, dF,,dF,) at point P; can be predicted
mechanistically using Eq. (10) as following (Engin & Altintas,
2001; Wang, Qin, Ren, & Wang, 2012; Gradis“ek, Kalveram, &
Weinert, 2004; Talekar, 2011):

dF(8),2;) = kee dS + k¢ b, db
dF(9;,2,) = kye dS + krche,; - db

dFa(Q)], Zt)
= kqe dS + kg hg,, .db (10)

Ploughing and shearing mechanisms were considered in Eq. (10);
(Wang and Zheng 2002). The term in the right-hand side of the Eq.
represents the ploughing mechanism, whereas the second term
represents the shearing mechanism.

DIFFERENTIAL CHIP THICKNESS CALCULATION

From Eqg. (10) and Figures (2a) and (2b), it is obvious that the
instantaneous chip thickness hci,- is needed for the mechanistic
cutting force prediction. hci,- is a function of the radial immersion
angle @;; of point P;;, which was calculated using Eq. (5). However,
because hci]. of point P;; is calculated at every rotational step of the
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cutting edges, @;;,is replaced by @a;;, which accounts for the
rotational angle of the endmill. Accordingly, Eq. (5) is replaced by
Eq. (11) as follows:

Pa;j =0r + (G — 10, — ¢y (11)

So hg,; could be calculated from the following Eq. (Kuo, et al.
2006):
hci,- = fti,- * sin((Z)aij).sin(kij).g((z)aij) (12)

where; g(@aij) is a controlling function that determines whether the
cutting edge is within the cutting zone or not. Two options are
possible:

g(9;;) = 1 when (@) < (9a;;) > (0.)

or

g(Q)U) = 0 when (ws) > ((Z)al]) or ((Z)alj) > (®e)

FEED PER TOOTH CALCULATION Fyj

Due to the unequal pitch angle of the wavy-cutting edges, feet-per-
tooth of point P;; was calculated based on the location of point P;;
as follows:

foyy = =229 (gultan and Okafor 2016) (13)

n ¢X2m

PROJECTION AND SUMMATION OF DIFFERENTIAL
CUTTING FORCE COMPONENTS

dF;,dF,, and dF, calculated in the previous section have to be
projected into the nominal axes of the end-milling machine x,y, and
z, which are arranged in a mutually perpendicular configuration
(Gradis™ek, Kalveram and Weinert 2004). For this purpose, Eq. (14)
was used.

dF, —cos(@a;;) —sin(@a;)sin(k;;)) —sin(Pay;) cos(ky) | rdF, (14)
dFy = Sin(@aij) —COS(@G_”) sm(k”) - cos(@aij) COS(kij) dE”
dFE, 0 —cos(k;;) —sin(k;;) dFq
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The total cutting force for each cutting edge was calculated by
integrating dF,,dF,and dF, along the axial immersion of wavy
cutting edges.

N¢ ay
F(9:) = Zfo dE {0;(ze kij)}. dz
(15)

N¢ ay
B0 =) [ ar 04(z k) dz
i=1

N ay
F(9y) = Zf dF, {8:(zc kij)}. dz
i=1"0
Substituting Eq. (14) into Eq. (15) yields:

Ne o
Zf [—dF; Cos((z)i]—) —dE, sin((z)i]-) sin(k) —dF, sin((z)ij)]dz
i Jo

F(84)) . ay

F,(9:) Zf [—dF, sin(@;;) —dF, cos(@;;) sin(k) —dF, cos(9;;)] dz (16)
E(0y) |=17°

Ne o
z f [0 —dFf, cos(k;;) —dF, sin(k)]dz
=170

EXPERIMENTAL WORK CONFIGURATION

MINIMUM QUANTITY LUBRICATION (MQL)

MQL is a process of applying a minute amount of environmentally
friendly and high efficiency cooling and lubricating vegetable oil
directly onto the tool-workpiece interface in the form of an aerosol
(Su, et al. 2007). The vegetable oil is mixed with high-pressure air
(or any other gas), and the resulting aerosol is directed onto a cutting
zone by a nozzle (see Fig (5)). The air in the aerosol provides
cooling and chip removal simultaneously, whereas the oil provides
cooling and lubrication. Compressed air (at room temperature or
cool), Carbon dioxide, and liquid Nitrogen are some examples of
gases used in the MQL. The flow of lubricant in the MQL process
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varies from 10 to 100 ml/h and air pressure varies from 0.3992 to
0.637 MPa (Silva, et al. 2005). The vegetable oil LB-2000, which is
provided by the Accu-Lube®/Rustlick™ Company, was used for
this investigation. This vegetable oil was pressurized using
compressed air that was directed towards the tool-work-piece
interface.

Vegetable oil tank

MOQL unit 4

WEBNHE

Charge amplifiers

Pressurized air supply:

Y Nozzle

Workpiece 4-Dynamometer

Digital oscilloscope

Fig (5) WEBNHE Engaged in End-milling under MQL Cooling

Strategy, and the Cutting Force Acquisition System
Experimental Setup and Cutting Force Measurement
Experiments were conducted on a Cincinnati Milacron Sabre 750
Vertical Machining Center (VMC) with an Acramatic 2100
controller. Inconel-718 was end-milled using a WEBNHE of 31.75
mm (1.25 in.) diameter, 3.048 mm corner radius, with six wavy-
edges. The end-milling experiments were conducted under the
following machining parameters: two spindle speeds (ns=62 and 93
rev/min), five axial depths of cut (a.=12.75, 15.75, 18.75, 21.75, and
24.75 mm), a radial depth of cut (a-=1.75mm) , and three feed rates
(f= 27.9, 41.85, and 55.8 mm/min). Fx, Fy, and F, were acquired
using a Kistler 9272 4-component dynamometer. A Kistler Type
5010B dual mode amplifier was used to amplify the output signals
generated by the dynamometer connected to dual mode charge
Amplifiers (Kistler Type 5010 B). The amplified signals were
passed through low pass filter with a cut off frequency of 680 Hz to
decrease the undesirable noise from the end-milling process. A
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Tektronix TDS 420A digitizing oscilloscope was used to acquire the
amplified and filtered signals at 1 kHz sampling frequency, using a
number of sample points (N) per signals of 5000, resulting in a time
domain record length of 5 seconds. The digitized outputs were
acquired, saved, and sent to a computer for analysis. The time
domain signal was converted to an angle domain to match the x-axis
of the cutting force components predicted by the mechanistic model.

RESULTS AND DISCUSSIONS

CUTTING FORCE AND EDGE FORCE COEFFICIENTS
Table 1 shows ki, krc , kac and ke , kre , Kae , Which identified
mechanistically by Ameen (2014) under EM and MQL cooling
strategies.

Tablel. Cutting force and edge force coefficients obtained from real
end-milling of Inconel 718 using WEBNHE under EM and MQL
cooling strategy

Cool ' n kic Kre Kac Kee Kre Kae

ing (rpm)  N/mm? | N/mm? | N/mm? = N/mm N/mm | N/mm

Strat

egy

EM 62 3172.2  -5135.1 -746.5 | 40.2797 -45.6 3.3919
93 6489.7 | -7951.9 179.05 @ -21.384 9.6 -3.296

7
MQ 62 2604 -4948 -76.26 | 31.4299 -35.2 -6.922
L 93 3328.6 @ -5348 -515.87 | 12.7994 -25.8 0.0366

PREDICTED AND MEASURED CUTTING FORCE
COMPONENTS

Figures 6a and 6b show one endmill revolution of measured (red)
and predicted (blue) F,, F,, F,, at cutting speed 93 rpm, and under
EM and MQL cooling strategies respectively. The measured and
predicted cutting force components under both cooling strategies
were in good agreement. MQL results show more accuracy than
EM. The number of cutting force peaks matched the number of the
wavy cutting edges of the endmill, and the magnitudes and shapes
of the predicted cutting force components were very close to the
magnitudes and shapes of their measured counterparts. The
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sinusoidal waves of the cutting edges affected the shapes of the
cutting force components and the resultant cutting force.

Fig (7) shows a comparison between the maximum predicted Fx max,
Fy max, Fz max, and Fr under both the EM and MQL. Cutting force
components generated under MQL were lower than their
counterparts generated under EM. Fy max, Was the largest, followed
by Fx max and F; max. It can be concluded that despite the small
amount of vegetable oil used in the MQL cooling strategy, the end-
milling under MQL generated lower cutting force components and
resultant cutting force Fr comparing EM. This indicated that MQL
possesses high cooling and lubricating capabilities.

— Simulated
' ' ' ' "| = Measured
A~ O p
4
<, —s00t '%5{: } D‘Mﬁ‘d? i%@di%ﬁnﬁwﬁ \rd
[-LA
71000 i 1 1 1 1 1 1 1 ]
0 50 100 150 200 250 300 350
4000 F . . , . : . —
2. 200 MWM
=3
O C 1 1 1 1 1 1 | -
0 50 100 150 200 250 300 350
500 C T T T T T T T ]

F (N

—500 , . . . . . L
0 50 100 150 200 250 300 350
Rotation Angle(deg)

Fig. 6. Measured and predicted (simulated) cutting force components in
the end-milling of Inconel 718 using WEBNHE under EM and MQL
cooling strategies, at 93 rpm
a) Cutting Force Components under the EM Cooling Strategy
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Fig. 6. Measured and predicted (simulated) cutting force components in
the end-milling of Inconel 718 using WEBNHE under EM and MQL
cooling strategies, at 93 rpm
b) Cutting force components under the MQL cooling strategy
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Fx Fy Fz FR
Cutting force components

Fig (7) Maximum magnitudes of predicted cutting force components
under EM and MQL cooling strategies
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CONCLUSIONS

This study investigated two cooling and lubrication strategies: EM
and MQL. A mechanistic cutting force prediction model was
developed, validated, and used to investigate the effects of both
cooling strategies on the predicted cutting force components of the
end-milling of Inconel 718 using WEBNHE. The model was
validated by end-milling experiments under the two cooling
strategies, and used to investigate effects of the two cooling
strategies.

Form this research, the following conclusions can be drawn:

A mechanistic cutting force prediction model for the wavy-edge,
bull-nose, helical endmill (WEBNHE) , which incorporated the
effects of EM and MQL, was successfully developed, validated and
used to predict cutting force components and the resultant cutting
force of the end-milling of Inconel 718.

In the validation process, the predicted cutting force components
were in good agreement with the measured cutting force
components. The number of cutting force peaks matched the
number of wavy-cutting edges, and the magnitudes and shapes of
both the predicted and measured cutting force components under the
two strategies were in good agreement as well.

The MQL strategy generated lower predicted cutting force
components than EM at both low and high spindle speeds (62 and
93 rpm). This indicate that MQL reduced the friction between the
tool face and chip, which prove the superior cooling and lubrication
capabilities of MQL comparing to EM.

The cutting force component in the feed direction, Fy, was the
largest cutting force component and was significantly affected by
the cooling strategy, followed by Fx and F.. Fr max followed the trend
of Fy max because the later was the largest and most-affected cutting
force component.

Due to the high efficiency of MQL, the end-milling of Inconel 718
under MQL at the low spindle speed of 62 rpm generated a lower
cutting force magnitude than end-milling under EM at the high
spindle speed of 93 rpm.
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As expected, cutting force components increased when the
feederate. However, the increasing rate of every cutting force
component was proportional to its magnitude.

Cutting force component in the feed direction (Fy) was the largest
and most-affected by the cooling strategy and feedrate, followed by
Fx and then F..

The results of this paper encourage to apply MQL as an alternative
to conventional EM cooling, and promote sustainable
manufacturing, which offers many advantages to the environment,
human health, and the economy of the manufacturing companies.
When apply MQL, less emissions, pollutions, toxic residues and
replacement costs that’s usually accompanies the conventional
cooling strategies like EM
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ABSTRACT

In this study, three different NDT techniques were used to inspect
the welded joints: Radiographic testing RT (x-ray), Magnetic testing
MT, and Penetrant testing PT. Acceptance criteria of three
standards: British Standards BS, American Society of Mechanical
Engineers ASME, and American Petroleum Institute API, have been
applied on four types of defects of welded joints of steel pipes. The
acceptance criteria of the four defects: cracks, porosity, undercut,
and lack of root penetration were compared using the three NDT
methods. In these three studies, we will study and compare the three
of the international standards to find the optimum one for each
defect. Comparison welding defects like crack, porosity, undercut,
and lack of penetration by NDT testing: PT, MT, and X-ray
according to international standards BS, ASME, API. The aim of
this study to describe and discuss imperfections caused by arc
welding in welding joints that are detected or inspected by NDT and
to compare the acceptance and rejection limits of products based on
the three standard codes studied in this research. Study and define
NDT methods: PT, MT, X-ray. And define welding defects resulting
from arc welding: cracks, porosity, undercut, lack of root
penetration, in welding joints, understand and compare international
standards ASME, API, BS Quality control and accepting criteria of
welding defects.
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Introduction
Due to the need for the high quality of welding joint, control of the
material selection, welding methods, testing and inspection,
standards and codes have been grown based on long experience and
critical experimentation. Comprehensive knowledge about
acceptable standards of various Non-Destructive Testing NDT
methods according to various manufacturing codes & standards is

mandatory for welding/ quality assurance/quality control engineers
today. Arc welding is one of the most common welding processes
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in most of which welding electrodes are used to generate electric
arcs and supply additional materials to fill gaps of welding joints.
The most common arc welding processes are Shielded Metal Arc
Welding SMAW, Gas Metal Arc Welding GMAW, and Gas
Tungsten Arc Welding GTAW. SMAW and GMAW utilize
consumable electrodes, while GTAW utilize non-consumable
electrodes [1].

Qualities of welding joints depend primarily upon factors such as
the type of welding process, welding parameters, welding design,
type of materials to be welded, personals (welder and inspector), and
inspection. The nature of these defects differs according to the
product’s design and fabrication as well as the service conditions
under which it has to work [2]. Knowledge of welding defects with
a view to determining and minimizing them in welding processes is
essential to achieve a high level of quality. American Society of
Mechanical Engineers ASME, American Welding Society AWS,
American Petroleum Institute API, British Standards for Welding
BS, and International Standards Organization 1SO are just examples
of standards are used in Libya to control NDT methods [3]. There
have been a few previous studies on the detection of weld defects
by NDT and their processing from different in terms of detection
methods, types of defects and standards, and their application
correctly [4-9]. Based on the manual of technical specifications
issued by the Libyan National Centre for Standardization and
Metrology for the year 2013 [10].

Based on previous investigations, it was found that welding
standards, NDT, and defects have a complete impact on obtaining a
high-quality, flawless product. Local and international companies
and factories that determine those standards that quality in the
welding joint must be controlled with the acceptance or rejection
criteria. The present study is becoming clear that there are no Libyan
standards and cods for welding joint quality, nondestructive tests,
and for inspectors. So the Libya organization cannot issue
certifications for quality assurance of welding joints, personals, and
both welder and inspect. This means that all the international
welding companies which provide services in Libya are working with
their own standards.
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2. Comparison of Welding Defects According to NDT Standards
2.1 NDT Methods

NDT is the inspection of a structure or component in any manner
that will not impair its future usefulness. There are three important
factors to achieve the reliability of inspection. Firstly, the
responsible engineer must specify his requirements very clearly in
terms of the regions to be inspected and the types of defects to be
looked for. Secondly, the NDT methods, equipment, and personnel
must be capable of the purpose for which they are being employed
and, thirdly, the selected NDT process must be implemented
thoroughly [11]. There are many types of NDT techniques that can
be used for the inspection of welding joints. The most popular of
these is the simple VT; most welds are visually inspected at some
level. (VT) in addition to Penetrant Testing (PT) and Magnetic
Testing (MT), is limited to the detection of surface defects, or in the
case of MT, those that are very near the surface. Subsurface defects
are detected by a variety of techniques, Radiographic Method (RT),
UT, and Eddy Current Testing ET [12].

2.2 Liquid Penetrant Testing PT

Liquid Penetrant Testing PT, often called DPT, is used to find a
surface defect, cracks, and cavities defects in nonporous materials.
Excess penetrant is then removed using cloths dampened with the
cleaner, the cleaner must not be sprayed directly on to the
component penetrant, developer (white chalk-like substance) is then
lightly sprayed on to the surface causing the red penetrant to be
drawn out of any indications, any indication highlighted by the red
penetrant against the white developer can then be assessed [13,14]
as shown in Fig(1-a) .There are two types of the PT: -

Dye penetrant testing: DPT is simple to use, and are particularly
suitable for fieldwork as ultraviolet lighting is needed.

400 Copyright © ISTJ PRGN
) 5 o slall 4 50l Al



International Science and 27 "M\ Ay p glal At jall g

e i T bt

Jﬁgﬂ‘_"?&f},‘m\ Volume 27 N ST-_I/&

October 2021- x4

Figs 1 -a Methods of applying the red dye during dye penetrant
inspection, (b) Color contrast penetrant crack indication[15].

These are available in three versions: Solvent removable, Water-
washable and Post-emulsifiable. DPT which give a colored
indication, usually red, on a white background, as Fig. (1b).
Fluorescent Penetrant Test: It is a technique that may be used to
detect fine linear type indications [15].

2.2 Magnetic Testing MT

Magnetic Testing MT is used to defect cracks, inclusions,
segregations, porosity, lack of fusion, and similar flaws in
ferromagnetic materials such as steels. An important consideration
in the MT process is the use of the proper type of materials to secure
the best possible indications of the particular type of defect being
sought under a given condition. The fine magnetic particles applied
to the surface of the part are attracted to these electrical poles. The
concentration of particles can be seen and the defect located, as
shown in Figs. (2-a, b).

Magnetic Particle Inspection

Electromagnete ///’T —
le e

Flgs 2 (a) Magnetlc partlcle inspection, (b) Magnetic particle
inspection [16].
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There are two basic classes of magnetic particles available for use,
wet and dry. The dry method particles are borne by air, it more
sensitive for detecting defects beneath the surface, and is usually
used with portable equipment. Water or oil may be used as a vehicle
for the wet method, the particles are colored to provide good color
contrast with the surface being inspected, and it the best suited for
the detection of fine surface cracks such as fatigue cracks [16,17].
2.3 Radiographic Methods RT

2.3.1 X-ray

Radiographic Methods RT is used for detecting by defects based on
using short-wavelength electromagnetic radiation passing through
the material. RT can be used to inspect all common engineering
materials and to the inspection of welds and detecting. Subsurface
defects that are readily detected by this method are; Lack of root
penetration, undercut, metallic and non-metallic inclusions,
incomplete fusion, and cracks. Voids, such as porosity, produce
dark areas on the film because they represent a significant loss of
material density [18].

In taking radiophotographs, an Image Quality Indicator 1.Q.I
contrast meter is used in order to confirm the quality of
radiophotographs [1].

When it is not practical to use a single wall technique, a double-wall
technique should be used. For materials and for welds in
components 88.9mm or less in nominal outside diameter, a
technique may be used in which the radiation passes through two
walls and the weld joint in both walls is viewed for acceptance on
the same radiograph as shown in Fig. (3) [19].

St
’ Film 7 '
Fig. 3 X-ray images [19]
2.4 Types of Welding Defects
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There are many possible forms of arc welding defects and
discontinuities; some are metallurgical, while others are due to
improper welding techniques. Common examples as shown in Fig.
(4) that arise from improper welding techniques include cracks,
undercut, overlap, slag inclusions, and porosity. The defect may be
causes for concern if they exceed the acceptable limits of the quality
control code being used for the weld inspection.

Ideal Weld Cracks Porosity
o 4 W, <>
- -’ 'y
Undercut Slag Inclusion Overlap
> o
Incomplete Fusion Incomplete Penetration
Spatter

Fig. 4 Welding Defects

2.4.1 Cracks

Cracks are very narrow separations in the weld; Cracks can occur in
the base metal, or the heat-affected zone HAZ. The extent of the
crack shall be ascertained by the use of PT, MT, or by other NDT
methods. The main causes of cracks; diffusible hydrogen in welds,
the Dbrittle structure of the weld, restraint stress in welds. Other
Cracks that occur during solidification are sometimes called hot
cracks; hot cracking also known as solidification cracking can occur
with all metals and happens in the fusion zone of a weld. Other
causes include too high a welding current, a poor joint design that
does not diffuse heat, impurities, preheating, speed is too fast, and
long arcs. There are many types commonly occur of the hot cracks
as, crater crack and longitudinal. The outer edges of the crater cool
rapidly, producing stresses sufficient to crack the interior of the
crater [20].
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2.5 Porosity
This type of discontinuity is more common with MIG/MAG and
SAW compared to other welding processes. Porosity is, however,
not regarded as a serious weld discontinuity unless the amount of
and/or size of the pores exceeds high levels. Porosity in MIG/MAG
welds [16, 21].
2.6 Undercutting
Undercutting is one of the more severe welding defects; Undercuts
are those defects that develop at the welding zone when the base
metal melts away forming a depression-like groove or a notch as
external undercut, internal undercut, and hence can be seen when
there is deep penetration. These defects reduce the strength of the
welding joint, the causes: Due to high voltage applied across the
ends of the electrode, when the diameter of the electrode is large,
due to the large arc length, the wrong manipulation of the electrode,
and incorrect electrode angle. It can be repaired in most cases by
welding up the resultant groove with a smaller electrode, and
cleaning of the base material after welding [16].
2.7 Lack of Root Penetration
Joint penetration is unintentionally less than the thickness of the
weld joint, the result is that the welding arc is not sufficiently
‘penetrating’ to the edge preparation or the previously laid weld run
or does not completely fill the joint gap, main causes:

1. Too narrow welding groove.

2. Too low welding amperage.

3. Too much arc length or arc voltage.

4. Too fast or too slow electrode manipulation preventive

measures:
Use an appropriate groove configuration.
Use appropriate welding amperages, arc lengths (or arc
voltages), and electrode manipulation [16,14].

oo

3.Standards of Welding and NDT

Codes and standards set the level of acceptable quality so that the
owner knows what quality product to expect and the engineers know
what specifications govern the design, fabrication, and erection, it is
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the common technical and (legal) language among owners,
contractors, architects, and engineers. In general, welded parts and
fabrications that will be exposed to more severe service conditions
and/or could potentially cause human injury if they fail will be
subject to the most severe acceptance criteria. Some of the standards
organizations as shown in Table 1 [12,21].

Table 1 Define standards of welding and NDT

Country Standards | Designation Organization
International 1w International Institute of Welding
International 1ISO International Organization for Standardization
United Kingdom BS British Standards Institution

ANSI American National Standards Institute

ASME | American Society of Mechanical Engineers

United States ASTM American Society for Testing and

Materials
AWS American Welding Society
API American Petroleum Institute

3.1 BS Standards

The BS is one of the world’s leading developers of standards; it is
incorporated under a royal charter and which is formally designated
as the national standards body (NSB) for the UK, it is means formal
consensus standards and based wupon the principles of
standardization recognized international in European Norm
Standards EN.

These BS standard cover a wide range of welding disciplines and
areas including welder qualification and procedures, welding
equipment, consumables, NDT methods, and much more [22].

3.2 ASME Standards

This international code /standard was developed under procedures
accredited as the criteria for American National Standards and it is
an American National Standard, the ASME is actively involved in
the formulation, revision, and interpretation standards covering
products that fabricated by welding. Markings such as “ASME”,
“ASME Standard”, or the ASME certifications mark shall not be
used on any item that is not constructed in accordance with all of the
applicable requirements of the Code [23]. ASME is responsible for
over 600 technical standards. The common standard associated with
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welding is known as the “Boiler and Pressure Vessel Code”. It is
made up of 12 separate sections that range from rules for the
construction of power boilers to NDT to materials. The ASME
welding standards govern and guide many of the most critical
welding applications, such as welding in the nuclear industry.
According to the conditions specified by these standards, welding
defects that have been detected by NDT are accepted or rejected
such as [12]; The ASME B31.1 Power Piping and B31.3 Process
piping codes are quite commonly used when welding pipelines.

3.3 API Standards

The purpose of the API standard is to present methods for the
production of high-quality welds through the use of qualified
welders using approved welding procedures, materials, and
equipment. Any manufacturer marking equipment or materials in
conformance with the marking requirements of API standard is
solely responsible for complying with all the applicable
requirements of that standard [9,24].

Many standards also covers the procedures all methods for NDT and
all processing of welding, there are many type of API standards such
as [25]:

3.4 Accepting Criteria

In order to study and to compare the accepting criteria for welding
defects, ASME section VIII for pressure Vessel and Boiler Code,
API 1104 standard for welding of piping and related facilities, and
in the case of the use of BS,EN,ISO5817 for welding in steel-
Quality Levels there are three quality levels are given in order to
permit application to a wide range of welding joints B, C, and D are
defined where B is the most stricter level and It applies to a material
thickness above 0.5 mm [26-27], Fig. (5) show the weld joint design
where, show the weld joint design where:
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Fig. 5 Joint design

t. for wall or the plate thickness.

a. for nominal throat thickness of the fillet weld.
d. for diameter of the pore.

h. for height or width of imperfection.

s. for nominal butt weld thickness.

In those Tables 2,3 and 4 comparison of the accepting criteria
between welding defects; crack, porosity, undercut, and lack of root
penetration by NDT methods; PT, MT, and Xx-ray according to
standards; BS, ASME, and API.

Table 2 Comparison of accepting criteria between welding defects by
NDT methods according to BS standards

Methods
Defects
PT MT X-ray
Crack t > 0.5mm t > 0.5mm t > 0.5mm
Reject Reject Reject
t > 0.5mm
#clustered porosity:
d <0.2s, but max. 2Zmm
Porosity _ _ d<0.2a, but max. 2mm
#linear porosity:
For single layer: <2%
For multi-layer: <4%
t= t=
0.5mm to 3mm, 0.5mm to 3mm,
Reject Reject
undercut t>3mm,h < t>3mmh < _
0.05 t, but 0.05 t, but
max.0.5 mm max.0.5 mm
Lape t > 0.5mm
R - - Reject
penetration 1
407 Copyright © I1STJ Ak gias okl (3 ia

Al 5 sl A ) Alaal



International Science and 27 ) Ryl p glll A0 g
mtrmtiomet Sk ek oo e

;;;2’;21&%‘1‘15‘2?25 Volume 27 STJ%

October 2021- x4

Comparison of accepting criteria between defects and NDT 0Table
methods according to ASME standards

Methods
Defects
PT MT X-ray
Crack Reject Reject Reject
—1/10t for tless than 3 mm (1/8 in.)
—0.5mm (1/64 in.) for t from
3 mm to 6 mm
. i ) (1/8 in.to 1/4 in.)
el -1.0 mm (1/32 in.) For t greater than
6 mm to 50 mm (1/4 in.to 2 in.)
-1.5 mm (1/16 in.) For t greater than
50 mm (2 in.)
Undercut Reject Reject -
Lack of root .
. - - Reject
penetration

3 Comparison of accepting criteria between welding defects 0Table
by NDT methods according to AP standards

Methods
PT MT X-ray

Defects

The crack as crater The crack as crater The crack as crater
cracks or star cracks | cracks or star cracks | cracks or star cracks
Crack exceed 5/ exceed 5/ exceed5/

32 in.(4 mm) In 32 in.(4 mm) In 32 in.(4 mm) In
length. length. length.

1-Individual porosity
a. The size of an
individual pore
exceeds 1/

8 in.(3mm).

b. The size of an

- - individual pore
exceeds 25% of the
thinner of the
nominal wall
thicknesses joined.
2-Cluster porosity

Porosity
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a. The diameter of
the cluster exceeds
1/2 in. (13 mm).
b. The aggregate
length of CP in any
continuous

12 in. (300 mm)
length of weld
exceeds 1/

2 in. (13 mm).

¢. An individual pore
within a cluster
exceeds 1/

16 in.(2mm) in
size.

Undercut

Linear indications
are evaluated exceed
1in.(25mm)in
total length in a
continuous
12in.(300mm)
length of weld or 8%
of the weld length.

Linear indications
are evaluated exceed
1in. (25 mm) in
total length in a
continuous
12in.(300mm)
length of weld or 8%
of the weld length.

Lack of
root
penetratio
n

a. The length of an
individual indication
of lack of root
penetration

exceeds

1in.(25 mm)

b. The aggregate
length of indications
of lack of root
penetration in any
continuous

12 in. (300 mm)
length of weld
exceeds

1in.(25 mm)

c. The aggregate
length of indications
of lack of root
penetration exceeds
8% of the weld
length in any weld
less than

12 in. (300 mm) in
length.
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Results and Discussion
4.1 Welding Defects According to NDT Standards
Comparison between specifications BS, ASME, API, and
acceptance criteria when cracks, porosity, undercut, and lack of root
penetration are detected in welding as shown in Table 5to 8. By PT,
MT, X-ray and identify the differences between the acceptance
criteria for each specification in the condition of acceptance,
rejection or specific requirements.
4.1.1 Acceptance Criteria for Cracks Defect
Table 5 shows the acceptance criteria for cracks detected by PT,
MT, and X-ray methods; each standard has different criteria and
different restrictions, cracks are rejected in the BS standards if
thickness greater than or equal 0.5mm and for ASME not restricted,
but for API the acceptance criteria have specified that cracks should
not exceed the limit, (5/32 in (4 mm)). This indicates that the BS
and ASME are more restricted in cracks defect especially in the use
of inspection of pressure pipes and vessels in terms of quality
control.

Table 5 Acceptance criteria for cracks defect

Standers Acceptance criteria
PT MT X-ray
BS t>0.5mm t>0.5mm t>0.5mm
Reject Reject Reject
ASME Reject Reject Reject
The cracks as crater | The cracks as crater | The cracks as crater
cracks or star cracks | cracks or star cracks | cracks or star cracks
API exceed 5/ exceed 5/ exceed 5/
32in.(4 mm) in 32 in.(4 mm) in 32 in.(4 mm) in
length. length. length.

4.1.2 Acceptance Criteria for Porosity Defect

Table 6 shows the acceptance criteria for porosity detected by PT,
MT, and X-ray methods, porosity is a subsurface defect which can’t
be detected by PT, MT methods; therefore, should be detected by
the x-ray method. In the BS standard if thickness greater than or
equal 0.5mm, it has been set limits for acceptance by x-ray; in
clustered porosity, the allowable limit of the diameter of pore-less
than or equal 0.2 of butt weld thickness. But weld thickness max
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2mm, and the diameter of pore-less than or equal 0.2 of throat
thickness of the fillet weld. But weld thickness max 2mm. In linear
porosity the maximum dimension of the summation of the projected
of the imperfection in a single layer: less than 2% and multi-layer:
less than4%. In ASME standard; for 1/10 of the thickness of weld,
the maximum number of indications shall not exceed3mm (1/
8 in). For 0.5 mm (1/64in) of thickness, weld indications shall not
exceed the maximum from 3mmto 6mm (1/8to 1/4 in).For
1.0 mum (1/32in) of thickness, weld of indications shall not greater
than6 mm to 50 mm (1/4 in to 2 in). For 1.5mm (1/16in) of
thickness, weld of indications shall not greater than50 mm (2 in).
In API standard, Individual porosity is rejected if exceeds the size
of an individual pore1/8 in (3mm), and the size of an individual
pore 25% of the thinner of the nominal wall thicknesses joined. The
cluster porosity is rejected if exceeds the aggregate length in any
continuous 12 in (300 mm) length of weld 1/2 in (13 mm) and if
an individual pore within a cluster exceeds 1/16 in (2mm) in size.
This indicates that BS, ASME, and API each standard has different
limitations connected to the thickness of the weld joint and size of
porosity, and the ASME standard was very accurate in accepting the
porosity.

Table 6 Acceptance criteria for porosity defect

Acceptance criteria

Standers
PT MT X-ray
t > 0.5mm
# Clustered porosity:d < 0.2s, but max. 2Zmm
BS - - d < 0.2a, but max. 2mm

# linear porosity: for single layer: <2%
For multi-layer: <4%

#1/10 tfor t less than 3 mm (1/8 in)
#0.5 mm (1/64 in) for t from

3mm to 6 mm (1/8 in to 1/4 in)
ASME - - #1.0 mm (1/32 in) for t greater than
6 mm to 50 mm (1/4 in to 2 in)
#1.5 mm (1/16 in) for t greater than
50 mm (2 in)
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1-Individual porosity

a. The size of an individual pore exceeds

1/8 in. (3mm).

b. The size of an individual pore exceeds 25% of
the thinner of the nominal wall thicknesses
joined.

2-Cluster porosity

a. The diameter of the cluster exceeds 1/

2 in. (13 mm).

b. The aggregate length of Cluster porosity
in any continuous 12 in. (300 mm) length of
weld exceeds 1/2 in. (13 mm).

c. An individual pore within a cluster exceeds
1/16 in. (2mm) in size.

API - -

4.1.3 Acceptance Criteria for Undercut Defect

Table 7 shows the acceptance criteria for undercut detected by PT,
MT, and X-ray methods. Undercut is a surface defect, is therefore
detected by PT and MT method. In the BS, the acceptance criteria
were the same for both the detection method by PT and MT, if wall
or plat thickness from 0.5mm to 3mm reject. For wall or plat
thickness bigger than 3mm and height or width of imperfection less
than or equal 0.05mm of wall or plat thickness the maximum shall
not exceed0.5 mm. In ASME standard for undercut, is rejected by
PT and MT methods. In the API standard, the acceptance criteria
were the same for the detection method by PT and MT either. Where
the condition was Linear indications are evaluated as a defect if
exceed 1in.(25mm) in total length in a continuous
12in. (300mm) length of weld or 8% of the weld length. In BS
standard the acceptance criteria for undercut found that accepting or
rejecting for the defect due to the relationship between thickness and
height or width imperfection, but for ASME standard the undercut
defect was rejected. In API standard it was accepted the undercut
defect according to specific conditions for a total length of the weld.

Table0Acceptance criteria for undercut defect

Acceptance criteria
Standers
PT MT X-ray
BS t = 0.5mm to 3mm, Reject t=0. Ssra?éctto 3mm,
t>3mmh<0.05¢but | g 0058 but |
max.0.5 mm
max.0.5 mm
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ASME Reject Reject -

Linear indications are Linear indications are

evaluated exceed evaluated exceed

1in. (25 mm) in total length 1in. (25 mm) in total

API in a continuous length in a continuous -
12 in. (300mm) length of 12 in. (300mm) length of
weld or 8% of the weld weld or 8% of the weld
length. length.

4.1.4 Acceptance criteria for lack of root penetration defect
Table 8 shows the acceptance criteria for the lack of root penetration
detected by PT, MT, and X-ray methods. Lack of root penetration is
a subsurface defect, is therefore detected by x-ray. Lack of root
penetration is rejected in the BS if thickness greater than or
equal0.5mm, for ASME standard lack of root penetration is reject,
but for API standard the acceptance criteria have inadequate. Lack
of root penetration is rejected if exceeds the length of an individual
indication of1 in (25 mm). Lack of root penetration is rejected if
exceeds the aggregate length of indications in any continuous
12 in (300 mm) length of weld1 in (25 mm). Lack of root
penetration is rejected if exceeds the aggregate length of 8% in the
weld length in any weld less than 12 in (300 mm) in length. The
lack of root penetration can’t be detected by PT, MT, but by the x-
ray method. In the BS standard the lack of root penetration has a
relationship by thickness, but in the ASME, if the lack of root
penetration is found should be rejected. In the API standard, the lack
of root penetration was accepted according to specific conditions of
the weld length.
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Table 8 Acceptance criteria for lack of root penetration defect

Standers

Acceptance criteria

PT

MT

X-ray

BS

t = 0.5mm Reject

ASME

Reject

API

a. The length of an individual indication of
lack of root penetration

exceedsl in. (25 mm).

b. The aggregate length of indications of lack
of root penetration in any continuous

12 in. (300 mm) length of weld

exceeds 1 in. (25 mm).

c. The aggregate length of indications of lack
of root penetration exceeds 8% of the weld
length in any weld less than 12 in. (300 mm)
in length.

4. Conclusion

The welding defects are the main element in determining the quality
of the product, effectiveness, and it is detected by NDT methods.
Four types of defects on welding plat/ piping joint; crack, porosity,
undercut, and lack of root penetration were exanimated and detected
by three methods sequences PT, MT, and X-ray to identify the type
of defect and its effect on the product and compared to three
international standards, BS, ASME, and API in the condition of
acceptance or rejection had been studied.
Results showed that the most accurate and optimal to give high
quality to the welding plat/piping joint:
1. The cracks should be rejected.

2. Porosity: if it is an external defect, the condition is applied:

e 1/10 t Less than3mm.

e 0.5 mm For t from3mm to 6mm.

e 1 mm For t greater than6mm to 50mm.
e 1.5 mm For t greater than50mm.

e Ifitisan internal defect, it is rejected.
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3. Undercut: Linear indications are evaluated exceed 25mm in
total length in a continuous 300mm length of weld or 8%
of the weld length.

4. The lack of penetration should be rejected.

Finally, this study could be initiation for Libyan standards for
quality of welding joints.

References
[1] Kobe Steel, The ABC’s of Arc Welding and Inspection,

Published Ltd, 2015.

[2] International Atomic Energy Agency, Non-destructive Testing:
A Guidebook for Industrial Management and Quality Control
Personnel, Vienna, 1999.

[3] Kamal H. Dhandha et al., Study And Comparison Of Different
Fabrication And NDT Requirements for Pressure Vessel,
Boiler, Piping, Structure & Nuclear Component
Manufacturing with Respect to Various Codes & Standards,
Proceedings of the National Seminar & Exhibition on Non-
Destructive Evaluation, NDE 2011, Gujarat, India, December
8-10, 2011.

[4] T. Endramawan, A Sifa, Non Destructive Test Dye Penetrant
and Ultrasonic on Welding SMAW Butt Joint with Acceptance
Criteria  ASME  Standard, Mechanical Engineering
Department, IOP Publishing Ltd, 2018.

[5] Hugo Vaughan, Porosity-‘The Good, the Bad and the Ugly’ of
Radiographic Testing, South African Institute of Welding,
Johannesburg, South Africa, 2016.

[6] Stuart Wilkinson, Comparative Testing of Radiographic
Testing, Ultrasonic Testing and Phased Array Advanced
Ultrasonic Testing Non Destructive Testing Techniques in
Accordance with the AWS D1.5 Bridge Welding Code,
Mechanical Engineering Department, College of Engineering,
University of South Florida, 2014.

415 Copyright © ISTJ il sine waball (358
A g glall 4 gal) Alaall




International Science and 27 ) Ryl p glll A0 g

Technology Journal Volume 27 Tatrrmasional s i Torbisings dearant

PAS
Ay pgnll 45l Alaal October 2021- x5 =>T.1 /\

[7] K. Staniszewski, S. Sikora, J. Czuchraj, Radiographic Quality
Assessment of Welded Joints In Building Structures Produced
According To Requirements Of Standard EN-1090 Quality
Level “B +”, Archives Of Metallurgy And Materials, Vol 58,
Issue 1, 2013.

[8] Kamal H. Dhandha et al., Study And Comparison Of Different
Fabrication And NDT Requirements For Pressure Vessel,
Boiler, Piping, Structure & Nuclear Manufacturing With
Respect To Various Codes & Standards, Proceedings of the
National Seminar and Exhibition on Non-Destructive
Evaluation NDE 2011, December 8-10, 2011.

[9] P. Kah et al., Methods of Evaluating Weld Quality in Modern
Production (Part 2), Proceedings of 16th International
Conference. Mechanika, 2011.

- gl Al @ el il sl il Sl Jagdadill 5055 [10]

(WWW.LNCSM.org.ly)- (info@ 2013 4k Lol ol sk

LNCSM.org.ly)

[11]J Mike Farley, Efndt Guidelines on the overall NDT quality
system in Europe, 17th World Conference on Nondestructive
Testing, Shanghai, China,25-28 Oct 2008.

[12]David H. Phillips, Welding Engineering, An Introduction,
published Ltd, first edition, 2016.

[13]American Petroleum Institute, Welding Inspection and
Metallurgy, First Edition, October 2004.

[14]KOBE Steel, Weld Imperfections and Preventive Measures,
Published Ltd, 2015.

[15]R Halmshaw, Introduction to the Non-Destructive Testing of
Welded Joints, Second Edition, Woodhead Publishing Ltd,
1996.

[16]Karta Technology, Inc., Technical Manual, Nondestructive
Inspection Methods, Basic Theory, 2005.

416 Copyright © ISTJ il sine waball (358
A g glall 4 gal) Alaall


http://www.lncsm.org.ly)-/

27 ) 3y ol 330 U

Imtrwaational beimrs mad Taviasiags demraal

SsTI

International Science and
Technology Journal
i) 3 »hall A 1) Ayl Volume 27
October 2021- xS

[17]R Halmshaw, Introduction to the Non-Destructive Testing Of
Welded Joints, Second Edition, Woodhead Publishing Ltd,
1996.

[18]American Petroleum Institute, Welding Inspection and
Metallurgy, First Edition, October 2004.

[19] Jurandir Primo, Welding Inspection Qualifications & Testing
Procedures, 2012,

[20] N.T.Burgess, Quality Assurance of Welded Construction,
Second Edition, 2005.

[21] Sonit Singh, Analysis of Various Defects Involved In Welding
Metallurgy, International Journal of Pure and Applied
Mathematics, Volume 120 No. 6 , pp6267-6280, 2018.

[22] The British Standards Institution, British Standards for
Welding, 1979.

[23] CEN, Non-Destructive Examination of Welds - Eddy Current
Examination of Welds by Complex Plane Analysis, 2000.

[24] Robert Denali, Carol Leibowitz, A comparison Of Ultrasonic
And Radiography  For Weld Inspection, David Taylor
Research Center, Metals and Welding Division, 2003.

[25] F.H. Dijkstra, J.A. de Rand, Why develop acceptance criteria
for pipeline girth weld defects? Rontgen Technische Dienst,
Rotterdam (NL),1998.

[26] American Society of Mechanical Engineers, Non-Destructive
Testing, Liquid Penetrant Testing, Section VIII, Division 1,
Appendix 8, 2004.

[27] American Society of Mechanical Engineers, Non-Destructive
Testing, Radiographic Testing, Section VIII, Division 1,
Appendix 4, 2004.

417 Copyright © ISTJ L gine aoball (3 gia
Al 5 o glall 4 sall dlsall



International Science and 27 ) Ryl p glll A0 g
mtrmtiomet Sk ek oo e

;;;2’;21&%‘1‘15‘2?25 Volume 27 STJ%

October 2021- x4

Fatigue Life Prediction of Aluminum Sheets Using
Different Probabilistic Methods

Tarig R. Aboalholt, Khaled B. Abdusamad?, Ali A. Shommakit,
Yasin A. Amer?!
The Higher Technical Center for Training and Production, 2The Libyan
Academy for Graduate Studies
Corresponding author email: taboalhol@tpc.ly

wailal)
cadll e K gy Al YY) clial DS algal cljlid) bl
Glalga) Cat dadadll jers ol (B o) aoe s L laylgih 5l BLLAY) aae
dijea o Gl pae Bl gae waatl Adlain) Callad #158) &5 o3y Saally dg0
AN ALl Lyl o GHIS Cuige ASlae L dpanll Clysn cand 5Kl e
Aaye ot ol Uaaly slasy Jadpall leall ajll 2ES (81 ey Glasal
Al ddlaa) Gb aladind maagi s daplall o3 (e Gl OIS (@l L puaal
assiasl¥) Il e e jew A8y gl (LIS Cuige ddpll SIS cllady
DA slgay Liilas] @l e by . DI Glalgay daalill 6061 — T6
Glaisll o G eh cblers aaaally Jbe¥) JB Sl daeatl) jae Jilie
adl Al cjelal L Alenal) HLaY) il e 13n dn (K5 Gliell end dadgidl)
loal dadiiall diph (o IS Gn Gy Gl s S IS8 JiT s 8 e
5Klas g (FORM) sV Ayl (e L ghgall Aoiylag(AMV) A giall Aol
il sl 48 JBI(MV) Bawsiall daidl) &l <l celld e . shIS Ciga
G dabadll yee gaill Chaa (Y uds Ally Glisell (Hlhaall avgiall (e 48 kil
e aally gVl oo Aslear cilymaie doulea Julas jelal L DISI alga)
G ofll i clalus W S — Naawd(a, b)) Jlass) clades of el
Apaigh ala¥ly Sl Saalinal) Jaall o IS il 5)le IASH cns Lisall yee

Ll

418 Copyright © ISTJ il sine waball (358
A g glall 4 gal) Alaall


mailto:taboalhol@tpc.ly

27 ) 3y ol 330 U

Imtrwaational beimrs mad Taviasiags demraal

SsTI

International Science and
Technology Journal
i) 3 »hall A 1) Ayl Volume 27
October 2021- xS

Abstract

Components under fatigue loading have significant amounts of
scatter and inconsistency considered in fatigue failure data. Due to
uncertainties in predicting component fatigue life, probabilistic
approaches were to quantify the influence of uncertainties on the
fatigue life. However, computation time associated with the
commonly used Monte Carlo simulation can be prohibitive during
design stage assessments. Therefore, the purpose of the current work
was to demonstrate the use of efficient probabilistic methods, as
alternatives to Monte Carlo method, to accurately predict fatigue
lives for Aluminum 6061-T6 sheets. Based on experimentally
determined of stress-life distributions, predicted distributions of
fatigue life agreed closely with replicate experimental test results.
The study showed that with significantly less computational time,
there is a very good agreement for advanced mean value (AMV) and
the first order reliability method (FORM) with Monte Carlo.
However, the mean-value (MV) method was less accurate in tail
regions that indicates poor life prediction. The sensitivity analysis
showed that S-N slope parameters (a and b) had insignificant
contributions to the scatter in fatigue life compared to the dynamic
loading and component geometries.

Keywords: Fatigue life prediction, Probabilistic Methods,
Aluminum 6061-T®6.

Introduction

The topic of structural fatigue is concerned with the mechanical
behavior of structures, which are subject to repeated load
applications. Fatigue failure is a remarkably complex physical
process, which is directed by a several number of parameters such
as loading and boundary conditions and repeated stresses over time.
Most fatigue failures caused by cyclic loads significantly below the
loads that would result in yielding of the material [1]. Cyclic nature
of the load that leads to microscopic material flaws to propagate into
a macroscopic crack. Due to constant repeated loads, the crack
grows to a critical size that results in structural or pressure boundary
failure of the component [2]. They occur, in many cases, without

419 Copyright © ISTJ L gine aoball (3 gia
Al 5 o glall 4 sall dlsall



International Science and 27 ) Ryl p glll A0 g

Technology Journal Volume 27 Tatrrmasional s i Torbisings dearant

PAS
Ay pgnll 45l Alaal October 2021- x5 =>T.1 /\

any plastic deformation, which means there is usually no visible
warning of that a failure is about to happen.

In the beginning of the material’s lifetime, the material
experiences only inner defects (micro cracks, voids,..., etc.).
Because of the effect of the cyclic loading, the small defects tend to
increase in size and shape that effects the material, reducing its
stiffness. Then, the defects become small cracks and the failure
progression develops into its second stage of small crack growth [3-
5]. With a reasonably high number of cycles, these growing small
cracks become large cracks, which demonstrates the fracture
behavior. Figure 1 summarizes the general understanding of the
fracture mechanism. In general, there are four phases of crack
growth [6].

Stagell
Short crack
growth Stage 1
Steady crack

growth

Stage |
Crack

irmitiation

Slage IV
Ultimate
failure

SLiffress cegradation

v

Murmiber of cpcles

Figure 1. Stages of crack nucleation and growth

Many of the reported strength data are mean values. There is
significant scatter in numerous tests of the same material under the
same experimental conditions. Haugen and Wirsching described
that the standard deviations of endurance strengths of steels rarely
exceed 8% of their mean values [7]. The best approach, they
suggested, was to develop a set of material-property data for a
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particular loading and boundary conditions to a design. Since this
method is usually excessively expensive in both time and money,
the engineer relies on published material-property data. Some of the
tested material samples failed at stresses lower than the mean value,
which leads to reduce design strength.

The Stress-Life (S-N), The Strain-Life (e-N), and Linear Elastic
Fracture Mechanics (LEFM) are the main models that often used for
high-cycle fatigue applications. The optimal approach of fatigue-
failure testing for machine-design purposes can be determined by
the type of machinery being designed on and its intended use. The
large class of rotating machinery, stationary or mobile, is well
served by the S-N approach because the required lives are usually
in the High-Cycle Fatigue (HCF) range that the other two models
work best in Low-Cycle Fatigue (LCF) regimes are more focused
on the mechanism of crack initiation or existing crack [8].

Several researchers have examined probabilistic characteristics
of fatigue, including inconsistency in S-N data [4,9-16].
Traditionally, the uncertainties in the data have been compensated
by applying experience-based safety factors or margins to the
calculated maximum load to the design analysis of essential
components, leading the probability of failure to a satisfactory level.
Different from deterministic evaluations, probabilistic approaches
introduce the input variables as distributions and predict
distributions of performance [16-19].

Stress-Life predictions using probabilistic fracture mechanics
have commonly used inherently time-intensive Monte Carlo
simulations [20-22], and simplified fracture mechanics models. In
some cases, complicated mathematical manipulations and
formulations are required. For that reason, the current work was to
explore other probabilistic life prediction approaches and employ
them as an alternative to Monte Carlo method to calculate fatigue
reliability of Aluminum 6061-T6 sheets. A class of probabilistic
approaches based on the most probable point (MPP) are becoming
regularly used as a means of reducing the number of performance
function calculations from that of exhaustive Monte Carlo
simulation. Even though many variations have been anticipated, the
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best-known and most widely used MPP-based methods include the
first-order reliability method (FORM) [23], mean valve (MV), and
advanced mean value (AMV) [24].
Method

The objective in this study was to provide quantitative measures
of component reliability that represents uncertainties inherent to
manufacturing tolerances of and material properties by exploring
different probabilistic approaches as alternatives to Monte Carlo
simulation.

Deterministic model

As previously discussed, components were subjected to a large
number of cycles of the applied stress that failed under stress values
well below the ultimate strength and often even below yield
strength. It has been found that the cycles to failure, N, versus the
stress value, S, follow a straight line when plotted on log-log paper.
The experimental data used in this study was an original collection
of articles by Birnhaum and Sauders [25]. In particular, the study
utilized the real data set used in [25-30] and a scaled version of the
data set was given by Owen and Padgett [31].

Experimental method

The fatigue-testing machine developed by the Instrument
Development Unit of the Physical Research Staff, Boeing Aircraft
Company, which designed for metal-coupons to undergo repeated
alternating stresses & strains [25, 31]. The coupon (rectangular
strips) cut from aluminum sheeting was clamped at the ends and
deflected in the center to either side from the position of
equilibrium; the frequency of oscillation and stress amplitude was
controlled. The amplitude was set either to constant (periodic
loading) or random with a determined distribution. The nominal
maximum stress was calculated from the maximum amplitude. The
machine was equipped with a mechanism to clock the number of
cycles that caused fatigue failure of the coupons.

Table 1 shows the number of cycles to failure obtained from there
stress levels of fatigue testing of Aluminum 6061-T6 sheet
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(rectangular cut) ASTM (0.5” x 0.125”). The three sets of data were
obtained, each under a periodic loading scheme with frequency of
18 cycles/sec.

Table 1. Failure data (cycles x 103) of 304 6061-T6 aluminum
coupons tested for fatigue failure under cyclic stress at three different

levels of maximum stress per cycle.

Failure data collected at Failure data collected at Failure data collected at
21 ksi 26 Kksi 31 ksi

570 {1120:1420:1750 233 | 352 | 400 | 445 70 (120 i 134 i 149
706 {1134:1420:1750 258 { 356 | 403 | 445 90 121 : 134 151
716 1114014501763 268 | 358 | 404 | 452 96 121 i 134 i 151
746 {1199:1452:1768 276 { 358 | 406 | 456 97 123 i 134 { 152
785 11200:1475:1781 290 | 360 { 408 | 456 99 (124 {136 i 155
797 11200:1478:1782 310 | 362 | 408 | 460 100 | 124 { 136 i 156
844 11203:14811{1792 312 { 363 | 410 ¢ 464 103 | 124 { 137 | 157
855 {1222:1485: 1820 315 | 366 | 412 | 466 104 | 124 i 138 | 157
858 {1235:1502: 1868 318 | 367 | 414 | 468 104 : 124 i 138 : 157
886 {1238:1505: 1881 321 { 370 | 416 | 470 105 { 128 { 138 { 157
886 ;125215131890 321 { 370 { 416 | 470 107 | 128 { 139 { 158
930 ;125815221893 329 | 372 { 416 | 473 108 { 129 { 139 i 159
960 {1262:1522:1895 335 | 372 { 420 | 474 108 | 129 § 141 | 162
988 {1269:1530: 1910 336 | 374 | 422 | 476 108 { 130 { 141 : 163
990 {1270:1540:1923 338 | 375 | 423 | 476 109 | 130 § 142 ; 163
1000{1290:1560: 1940 338 | 376 | 426 | 486 109 | 130 { 142 i 164
101012931567 ;1945 342 | 379 | 428 | 488 112 { 131 { 142 ; 166
10161300 15782023 342 | 379 | 432 | 489 112 ¢ 131 ;i 142 166
101813101594 2100 342 | 380 | 432 | 490 113 | 131 § 142 | 168
1020{1313:1602{2130 344 | 382 | 433 | 491 114 ¢ 131 i 142 i 170
1055{1315:1604 2215 349 | 389 | 433 | 503 114 | 131 i 144 | 174
1085:{1330: 16082268 350 | 389 | 437 | 517 114 { 132 { 144 ; 196
110213551630 2440 350 | 395 { 438 | 540 116 | 132 § 145 i 212
1102:1390: 1642 351 { 396 | 439 | 560 119 | 132 | 146

1108{1416: 1674 351 | 400 | 439 120 | 133 | 148

1115{1419:1730 352 | 400 | 443 120 | 134 | 148

Figure 2 shows variability in number of cycles to failure for each
stress and the three levels of maximum stress for a periodic loading
scheme, 0,,=21, 0,,= 26 and 0,3=31 ksi. The data were originally
presented & examined in [26] and partially in [25]. The specimen
was 6061-T6 aluminum sheeting, which was cut (parallel to the
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direction of loading) into the rectangular strips. The testing
produced data for the three levels of maximum stress with sample
sizes of n,;=101, n,=102 and n3;=101. The means and standard
deviations of all sets were summarized in Table 2 and Figure 2. This
data set was investigated in the literature assuming that alternating
stress a, was constant for each stress level, mean stress o,,, was zero.
Stress Life relationship represented as S = aN?, where b is the
slope of the curve, a is constant, S is stress, and N is Life or number
of cycles to failure.

40
«  Fatigue Life data
35

vvvvvvvvv Power Trendline

a
g
=
“2s5 s
L] “.““”_“‘"...
20 S = 67.078N 016
15

50 500 N (Cycles X 10°) 5000

Figure 2. S-N-P curve shows probabilistic nature of fatigue failures at
three stress levels.

Table 2. Experimental data distributions

10° cycles @ 31 ksi 26 Ksi 21 ksi
Mean 1.3373 3.9788 14.029
Std. 0.22356 0.62324 3.8653

Probabilistic Model

Although S-N curves are widely used to investigate fatigue
failures, they have a number of limitations. For instance, they are
unable to capture the variation of actual components such as
geometry, surface finish, and manufacturing defects. Besides that,

424 Copyright © ISTJ L gine aoball (3 gia
A g glall 4 gal) Alaall



International Science and 27 Jm‘ L g gl B0 550 g
Technology Journal
i) 3 »hall A 1) Ayl Volume 27
October 2021- ¢S

Imtrwaational beimrs mad Taviasiags demraal

sTa

they ignore variation in actual use conditions of the components in
terms of loading, which are usually different from the test conditions
and importantly they do not take into account the probabilistic
nature of fatigue failures. There has been a better approach that
utilizes S-N-P curves that takes probabilistic behavior and those
variations into consideration [32]. There are several probabilistic
approaches based on different theories and assumptions to study
material failure behavior during dynamic loading. Although,
selecting one method is desirable, applying several approaches may
provide a better realistic prediction on fatigue life in all cases.
However, numerous studies used the brute-force Monte Carlo
simulation to accomplish that. This study used three different
advanced probability methods; MV, AMV and FORM, as
alternatives.

Performance Equation
In the current study, the input parameters were modeled as
distributions, and perturbed variables for the probabilistic methods
were passed to a commercially available probabilistic software
package, NESSUS. All variables that contribute in component life
as distributions to predict a distribution of performance as shown in
the following equation. In the probabilistic analyses, input
parameter variability was considered for cyclic loading, component
geometry, and slope S-N slope parameters (a and b). Distributions
for the input parameters were developed from available literature
data for Aluminum 6061-T6 conditions [26, 32].

loadalternating (ﬂ: o )
Area (with(u, o) = thinkness (u, o))
= a(p, o) » NP9,

where u, o are the mean values and standard deviations respectively.
Several steps were taken to set up probabilistic model then define
the limit state equation. First, goodness of fit showed that fit normal
and lognormal distributions were acceptable at 5% significant level
(K-S test). However, lognormal performed better than normal
distribution. Second step was to generate distributions with mean
and standard deviation of slope parameters. That was achieved by

= stress
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capturing values of the two parameters that were between 3+
standard deviation from the means as visualized in Figure 3. The
third step was to estimate 5% lower limit for a and b which was
considered the higher risk region. At that point the design curve was
obtained and presented in the following equation.

s (i)
N= (67.078)
After obtaining the performance equation, probabilistic models
were used to quantify the risk (probability of failure) and compute
shortest reliable life for a component using different reliability
methods, specifically, a 50k-trial Monte Carlo simulation and the
most probable point (MPP) methods; the mean-value (MV), the
advanced mean-value (AMV) and the first order reliability method
(FORM).

33 Mean)) o
(%35) o
— (%95) o
Design Line at 0.05)) s

31

29

Stress (Ksi)
N N N N
= w (6} ~N

[any
O

[EEY
~N

0.5 (LOG) N Cycles X 10° 5 50

Figure 3. Design curve at 5 % lower bound

Probabilistic Parameters

Table 3 shows inputs of probabilistic study parameters with
means and standard deviations. The dynamic load as well as for the
geometry variables (width and thickness of the Al-6061-T6 Sheet)
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were described by normal distributions, while the slope of the S-N
curve variables were described by lognormal distributions. The load
was assumed in the study that gave 26 ksi stress for the purpose of
comparing results with experimental data at the same stress level. In
the field, however, they depend upon the use conditions with
observed variations. The problem statement with probabilistic
inputs were defined in NESSUS.

Life = (2) (%)
F

- Area
Area = t*xw
Table 3. Input distributions

Variables Mean 3tar_ldgrd
eviation

Geometry width 0.5” +0.01”
(normal-distribution) thickness 0.125” + 0.005”
Load (normal-
distrib(ution) force 175 0.1
Slope (lognormal a 67.078 0.22
distribution) b -0.1598 0.0018

Reliability Methods

Monte Carlo simulations and advanced probabilistic methods
performed in the current study are well described in the literature
[23,33,35] and summarized as follows.

Mean value (MV): Based on approximating MPP by perturbing
variables near the mean. Number of trials = 1 + (number of
variables).

Advanced mean value (AMV): MV + additional evaluation at the
MPP,

Number of trials = 1 + (number of variables) + (number of p
levels)

First Order Reliability Method (FORM): various algorithms
based on first order approximation of the performance function.
Number of trials is dependent on convergence.

427 Copyright © ISTJ il sine waball (358
A g glall 4 gal) Alaall



27 ) 3y ol 330 U

Imtrwaational beimrs mad Taviasiags demraal

SsTI

International Science and
Technology Journal
i) 3 »hall A 1) Ayl Volume 27
October 2021- xS

Monte Carlo Simulation: Randomly generates parameter values
from their distributions.
Results and Discussion

Two quantitative measures were employed in the study;
comparative analysis among probabilistic methods used in the study
and identifying which input parameters are most critical to the
performance distribution. The results showed slight differences
among reliability methods. Life distribution and sensitivity factors
for dominant variables were also obtained.

Fatigue Life Distribution

The model predicted the distribution of life for Al 6061-T6 sheet
under axial fatigue stress. The probability of survival or reliability
was based on the performance function and represents the
probability of failure (POF=0.1) of the number of cycles that
components can survive under 26 ksi dynamic loading. Based on the
summarized results in Table 4 and cumulative density functions
(CDFs) presented in Figure 4. The predicted distributions of life-to-
failure showed reasonable agreement with the experimental data
over the entire CDF, with accurate predictions of the mean.
Moreover, the AMV and FORM methods gave very similar results
to the Monte Carlo simulations in less than a second of computation
time required only a small fraction of the iterations. The MV
predictions varied noticeably from the experimental data for
probabilities away from 0.50; this result is somewhat expected as
the MV method assumes linear behavior which causes inaccuracies
in non-linear systems [24]. To evaluate the accuracy of the different
probabilistic methods, their predictions of fatigue life for a fixed
probability of failure, POF, of 0.1 were compared in Table 4. This
low probability was selected based on conservative design
assumptions that require the shortest fatigue lives be considered in
design to ensure a higher reliability.
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Table 4. Predicted life at POF = 0.1 at 26 ksi stress level

Life (cycles) Number .
Method @POF=01 | oftrials | ' '"M®
MV 169,595.4 shortest | 6 0.32
| AMV 209,007.923 4 0.41
Probabilistic <L
FORM 207,791.7 5 033
rl\‘/lor?te 208,295.5 50,000 3 minutes
; Data (u+ 397,545.0 + ;
Experimental @ 6241 102 sample points
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900

Figure 4. Cumulative distribution functions of performance function
from Monte Carlo, FORM AMV, and MV probabilistic analyses versus

Experimental data cumulative distribution function.

Sensitivity Analysis
Sensitivity analysis indicates the effect of each individual parameter
on the reliability function. In other words, it illustrates which input
parameters that were, during the computation process, the most
contributing factors in the component life. Additionally, random
variables with negligible contributions can be treated as
deterministic variables to reduce the computation time. Figure 5
shows that life to failure of a component was most sensitive to the
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amount of variation in loading. In addition, cross-section area plays
an important role in the outcomes. However, slope of the curve
parameters were the least contributing factor, subsequently when
they modeled as deterministic, there was not significant change in
the outcomes

Figure 5. Sensitivity factors for fatigue life predictions (obtained from
the AMV method results). The sensitivity factors are normalized with
respect to the probability level (p = 0.01) and standard deviations of the
respective parameters.

Conclusion

In this study, it has been seen how principles of mechanical
design and reliability can be combined effectively to obtain accurate
reliability predictions and to design reliability directly into
components that were subject to fatigue failure. While Monte Carlo
analysis is often considered the gold standard, its accuracy depends
on the number of trials and the sampling error [33]. Furthermore,
the study showed that with less computational time, there is a very
good agreement for AMV and FORM with Monte Carlo. Among

Sensitivity factors for fatigue life predictions

& (oplow)(o/p)

g (0pléc)(s/p)
% )
(7p]
ie}
S -
s 0 0 U
(@]
=z

-2

a b Force Width  Thickness

Random Variables

the other methods used in the study, however, MV was less accurate
in tail regions that indicates poor life prediction, which is a known
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limitation of the linear method when applied to non-linear models
[24]. Besides that, the model best performed in short life modeling.
Additionally, the AMV and FORM methods quantified sensitivity
factors that emphasizing the most significant variables in
probabilistic modeling. The results showed that the S-N slope
parameters made negligible contributions to the scatter in fatigue
life and therefore could be modeled as deterministic. However,
dynamic loading and component geometries were the chief
variables.
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1. Abstract.

This paper investigated the effect of the welding process of Shielded
Metal Arc Welding (SMAW) and the relatively Tungsten-inert gas
welding (TIG) process on 304 Austenitic Stainless steel.
The welding process was carried out on 4mm thick plate of 304
Stainless Steel using SMAW and TIG welding processes. The two
set of plates having the single plate size of 350mmx26mmx4mm
were welded using Tungsten Inert Gas welding and Shielded metal
arc welding process. At the varied welding heat input, no noticeable
modification of &- phase throughout the microstructure was
observed, only variations in grain size of austenite could be noticed.
Also, inclusions and porosities in form of dark dots were noticed in
some of the microstructures, none of micro-cracklings were
encountered during the investigation. Weld solidification cracking
were present as white stretches in microstructures of the HAZ
samples evaluated. Further it is observed from the optical
micrographs shown that the extent of grain coarsening in the HAZ
increases with increase in heat input.

Key words:- Shielded Metal Arc Welding (SMAW), Tungsten-
inert gas welding (T1G), Heat Affected Zone (HAZ).

2. Introduction.

Industrially speaking, welding process is widely used for the
manufacturing industries to the service companies such as
automotive, aerospace and building activities. Welding is not just
combining two piece of material; rather it is also used for the
softening, separation and joint combining. So that, welding is
commonly used in the shipbuilding industries; welding is
considered the core operation for the ship builders. In many cases,

436 Copyright © I1STJ Ak gias okl (3 ia
Ayl g o shell 40 sal) dlaall



27 ) 3y ol 330 U

Imtrwaational beimrs mad Taviasiags demraal

sTa

International Science and

Technology Journal
October 2021- ¢S

the application of pressure is needed to weld the material. However,
in some circumstances, it is not required, especially with soft or low
density steel metals. Welding is also usually used in all fabrication
companies due to similarity in used manufacturing
processes. [1], [5]. Pervious research has shown that welding is of
great importance especially when it comes to joining metal piece
thus saving the need to buy new equipment or machineries. Thus,
welding assists organization in saving their cost of buying newly
manufacturing industrial machines [2]. One of the most workable
and effectively used welding processes is called as Arc welding
which is done via the metal fusion in which two metal pieces are
exposed to heat and melt to form a single piece of item [3]. Welding
is found to be widely used process in industrial sector; however, it
must be carried out in a precautious and careful manner to avoid
human injuries or damaging the machine or part of it [4]. There are
different welding processes used for different materials to achieve
state of art quality and standards welding materials. In this study,
the processes of SMAW and TIG welding were employed [6], [7] .

3. Experimental Methodology.
The microstructure of the stainless steel was prepared as per ASTM

B557standard with the prescribed criteria. These specimens were
observed under the optical microscope and the microstructures
before and after they were obtained. The microstructure was
analyzed by using specialized microscopic machine and equipment;
the results were obtained in form of microscopic images and details.
The slide cutters used to cut dimensions 350mmx26mmx4mm. then
conducted cleaning operations to remove dust and grease.

The base material used in the present investigation was in the form
of stainless steel plates type 304 sizes of 350 mm X 26 mm X 4mm
which were cut using shear cutting machine from a sheet metal and
the filler was —AWS E308L-16l solid electrode of 3.15 mm
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diameter. The chemical composition of the base and the filler metal
Is shown in tablel&2. The welding machine which was used in this
study is Aristong 255 AC/DC. It has been initialized edges welding
cutting operations machining on the milling machine where it was
rinsing a 30 degree angle and length 350 mm) pieces and put
properly to be the edge of the both be welded on one side likeness
(single-V) and as shown in Figurel.

— 2% —|

1/

M-1.5%02

All dimentions in mm
Figure 1: Preparation of the slides for welding process.

In the present work double V-groove design was used so that
welding could be accomplished ensuring full penetration. Before
welding all the edges were thoroughly cleaned in order to avoid any
source of contamination like rust, scale, dust, oil, moisture that
could creep into the weld metal and later on could result possibly
into a weld defect. Bead-on plate SMAW was performed along the
center line of solution annealed plates using electrode - AWS
E308L-16l of diameter 3.15 mm. The samples were shown in
Figure 2(a & b).
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Figure 2: (a) SMAW process (b) TIG process.

It is a well-established fact that among all the welding variables in
arc welding processes welding current is the most influential
variable since it affects the current density and thus the melting rate
of the filler as well as the base material. The rest time of 30 seconds
was allowed after every subsequent pass.

Heat input was calculated according to equation 1,

_ pxXVXxI

H
\Y

(1)

Where, H= heat input in KJ/mm, = efficiency = 0.75 for SMAW,
V= voltage in volts, I= current in amperes, = welding speed in
mm/sec. So in accordance with this fundamental fact three different
heat input combinations corresponding to different welding currents
i.e. 75 A (low heat input), 100 A (medium heat input) and 125 A
(high heat input) combinations were selected for the present study,
also in this study two parameters such as the voltage and welding
speed are constant by 36 volt for voltage and 2.5 mm/sec for the
welding speed as shown in tablel. Also table2 illustrate the chemical
compassion of the base metal and table 3 shown the chemical
composition of electrode metal.
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Table 1: Welding process parameter.
Valtage Current Welding Heat
(V) (A) speed input
mm/sec KJ/mm
35 75 2.5 0.787
35 100 2.5 1.050
35 125 2.5 1.312

Table 2: Chemical Composition of Base Metal (wt.%6).

Typical Chemical Compositions

Type C Si Mn P S Cr Ni
3049% | 0.08 0.75 | 2.00 | 0.045 | 0.030 | 18-20 | 8-10
Table 3: Chemical Composition of Electrode metal (wt.%6)
Typical Chemical Compositions

Filler C Si Mn P S Cr Ni
metal

(AWS 0.04 | 09 0.80 | 0.040 | 0.030 | 18 9
E308L)

4. Result and Discussion.

4.1 Microstructure of SMAW welding:

The base metal and HAZ samples at varied welding heat input are
depicted in figure3. Generally, the phases are composed majorly of
austenite and ferrite. Also, chromium carbide formation and
precipitation due to sensitization was observed at the grain
boundaries. After etching, the ferrite phase was obtained as a lighter
phase in between the darker austenite phase, and only a little
difference was observed to exist between microstructure of the base
metal sample and that of the HAZ samples at varied range of low
welding heat inputs as shown in Figure 3.

The base metal and HAZ samples at varied welding heat input are
depicted in figure3. Generally, the phases are composed majorly of
austenite and ferrite. Also, chromium carbide formation and
precipitation due to sensitization was observed at the grain
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boundaries. After etching, the ferrite phase was obtained as a lighter
phase in between the darker austenite phase, and only a little
difference was observed to exist between microstructure of the base
metal sample and that of the HAZ samples at varied range of
medium welding heat inputs as shown in Figure 4.

The ferrite phase is seen to be relatively more dispersed in the
austenite matrix of the base metal sample as compared to austenite
matrix of the HAZ samples in figure 4. Austenite grain boundaries
are readily observable in the microstructures of the base metal
sample as well as the HAZ samples. At the varied welding heat
input, no noticeable modification of &-phase throughout the
microstructure was observed, only variations in grain size of
austenite could be noticed. Also, inclusions and porosities in form
of dark dots were noticed in some of the microstructures, none of
micro-cracklings were encountered during the investigation. Weld
solidification cracking were present as white stretches in
microstructures of the HAZ samples evaluated Further it is observed
from the optical micrographs shown that the extent of grain
coarsening in the HAZ increases with increase in heat input as
shown in figure 5.

Figure 3: Optical micrograph Figure 4: Optical micrographs
of low heat input (100x). of medium heat input (100x).
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Figure 5: Optical micrographs of high heat input (100x).

4.2. Micro-hardness of SMAW welding for austenitic stainless
steel type 304.

Micro hardness measurements were taken in the transverse direction
I.e. perpendicular to the base plate surface and this shown in figure
6. the figure also show that the micro hardness near the top of the
weld bead surface is high and as the center of the fusion weld zone
is approached by the inventor, it gradually reduces due to the fact
that cooling rate is relatively higher at the top of the weld bead
surface than at the center of the weld metal.

y == \|gld pool
7 EeTem——

7l g HA

E 2 20842

| B B L e et | s | ] ]
Lo o D Dem o i DU Uy D et oo L e ]
Lo Lo Lo a1 o 1o Lo Lo o 1 o | e |

19376 s B3se mets|
18146

Weldpool- HAZ - Basemetal (')

Figure 6: Micro hardness along weld pool, HAZ and base metal at
different heat input.
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From table 4, it is observed that as the indentor traverses outwards
(parallel to the base plate surface) from the center of the weld/fusion
zone towards the fusion boundary, micro hardness increases from
181.46 VHN for high heat input, 193.76 VHN and 242.95 VVHN for
high heat input welded joint around HAZ region.

Table 4. Micro hardness values at different weld regions.

Low Medium ]
reV\é?(I)C:I heat heat he;'tI?erut
Input Input
Weld 207.30 194.37 181.46
pool
HAZ 229/10 208.42 193,76
Base 242.93 242.93 242.95
metal

The steep rises in the micro hardness with the average values of
weld pool, HAZ and base metal are 194.37 VHN, 210.43 VHN
and 242.94 VHN respectively at low, medium and high heat input
(see figure 6). High hardness in the fusion boundary zone (FBZ) in
all the joints can be attributable to the presence of partially un-
melted grains at the fusion boundary which are partially adopted as
nuclei by the new precipitating phase of the weld metal during the
solidification stage. After reaching this peak value, micro hardness
shows a decreasing trend in the HAZ. In all the joints, HAZ area
adjacent to the fusion boundary was coarse grained HAZ (CGHAZ)
which possessed low hardness whereas the HAZ area adjacent to the
base metal was well grained HAZ (FGHAZ) which provide high
hardness. The reason for this trend of micro hardness in the HAZ of
all the joints is that the area adjacent to the weld/fusion zone
experiences relatively slow cooling rate and hence has coarse
grained microstructure, whereas the area adjoining the base metal
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undergoes high cooling rate due to steeper thermal gradients and
consequently has well grained microstructure. It is evident from the
trend depicted by the micro hardness profile within the HAZ of each
of these joints. In general, it is observed from these micro hardness
studies that hardness follows an increasing trend in the order of weld
metal, HAZ, unaffected base metal and fusion boundary for all the
joints made at different heat inputs. It is also found that there is a
significant grain coarsening in the HAZs of all the joints.

4.3 Microstructure of TIG welding:

From figures 7,8 and 9, it is clearly seen that the heat input increases
the depth of penetration increases along with the height of
reinforcement. There is no effect on the weld width due to increase
in heat input. Full penetration welds were obtained in all the three
combinations of heat input (75A, 100A, 125A). As indicated by
these values, it is found that heat input increases the fusion areas of
the joints proportionately. The same trend is followed by the HAZ
area associated with each of these joints and fusion zone and HAZ
area also maximizes when the heat input is increased. Optical
micrographs show the microstructures of weld zone, fusion
boundary and HAZ for different heat input combinations (see
figures 7,8 and 9).

Figure7: Optical micrograph of Figure8: Optical micrograph of
TIG welding at low heat input TIG welding at medium heat
(100x). input(100x
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Figure9: Optical micrograph of TIG welding at high heat input (100

X).

4.4. Micro-hardness of TIG welding for austenitic stainless steel
type 304.

Micro hardness measurements were taken in the transverse direction
i.e. perpendicular to the base plate surface, plate surface and the
same are shown in figure 10. Figure 10 also shows that the micro
hardness near the top of the weld bead surface is high and, as the
center of the fusion/weld zone is approached by the indentor, it
gradually reduces due to the fact that cooling rate is relatively higher
at the top of the weld bead surface than at the center of the weld
metal. From table 5, it is observed that as the indentor traverses
outwards (parallel to the base plate surface) from the center of the
weld/fusion zone towards the fusion boundary, micro hardness
increases from 217.40 VHN at low heat input, 204.27 VHN at
medium heat and 191.46 VHN at high heat input welded joint
around HAZ region.

Table 5: Micro hardness values at different weld regions.

Weld Low Medium High
region _heat heat input heat input
input
Weld pool 217.40 204.27 191.46
HAZ 239.35 238.36 203,76
Base metal 256.85 256.85 256.85
445 Copyright © ISTJ L gine aoball (3 gia

Al 5 sl A ) Alaal




International Science and 27 ) Ryl p glll A0 g
i o Ty et

;@3223!&%‘1%?2?:5 Volume 27 imsT_j%

October 2021- x4

The steep rises in the micro hardness with value of 191.46
VHN for high heat input at weld pool, 239.35 VHN for HAZ
and 256.85 VHN for base metal respectively. High hardness as
possessed by the fusion boundary zone (FBZ) in all the joints
can be attributed to the presence of partially un-melted grains
at the fusion boundary which are partially adopted as nuclei by
the new precipitating phase of the weld metal during the
solidification stage. After reaching this peak value micro
hardness shows a decreasing trend in the HAZ. In all the joints,
HAZ area adjacent to the fusion boundary was coarse grained
HAZ (CGHAZ) which possessed low hardness whereas the
HAZ area adjacent to the base metal was well grained HAZ
(FGHAZ) which possessed high hardness. The reason for this
trend of micro hardness in the HAZ of all the joints is that the
area adjacent to the weld/fusion zone experiences relatively
slow cooling rate and hence has coarse grained microstructure,
whereas the area adjoining the base metal undergoes high
cooling rate due to steeper thermal gradients and consequently
has well grained microstructure. This is evident from the trend
depicted by the micro hardness profile within the HAZ of each
of these joints. In general, it is observed from these micro
hardness studies that hardness follows an increasing trend in
the order of weld metal, HAZ, unaffected base metal and
fusion boundary for all the joints made at different heat inputs.
It is also observed that there is significant grain coarsening in
the HAZs of all the joints. Further it is observed from the
optical micrographs shown that the extent of grain coarsening
in the HAZ increases with increase in heat input as shown in
figure 7, 8 and 9.
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Figure 10: Micro hardness along weld pool, HAZ and base metal at
different heat input.

Conclusions:-

It is concluded from the results of this experimental study that
in a fusion boundary, there is a steep rise in the micro hardness
with value of 191.64 VHN, 203.76\VVHN and 256.85 VHN at
high heat input respectively. In all the joints, HAZ area
adjacent to the fusion boundary was coarse grained HAZ
which possessed low hardness whereas the HAZ area adjacent
to the base metal was fine grained HAZ which possessed high
hardness. It is also observed that there is a significant grain
coarsening in the HAZs of all the joints. Further, it is found
from the optical micrographs that the extent of grain
coarsening in the HAZ goes up when the heat input is
increased. The tensile strength of austenitic stainless steel
decreases when welding parameters are increased because
during low heat input conditions, the width of HAZ is very
small around the fusion zone. This process changes with higher
heat input. Micro-structural details of the weld metal, in terms
of dendrite size and cell spacing, demonstrates that high the
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tensile strength and ductility is possessed by the joints at low
heat input, which would be attributable to smaller dendrite
sizes and lesser inter dendritic spacing in the fusion zone.
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Abstract
In this paper, a simulation study of the forward extrusion process of

three types of copper metal produced from the ECAP process was
studied. A rolling operation was conducted on two of them, and they
are as follows:

1- A commercial high purity Cu (99.99%) rod of 10 mm in
diameter was processed using the equal channel angular
pressing (ECAP) method. This metal was named as (ECAP
—Cu).

2- ECAP Cu subjected to a 1180 % cold rolling at the liquid
nitrogen temperature (LNT). This metal was named as
(ECAP Cu + 1200-LNT).

3- ECAP Cu subjected to a 1340 % cold rolling at the liquid
nitrogen temperature (LNT), and this metal was named as
(ECAP Cu + 1350-LNT).

The true stress true strain of the three metals were calculated and
entered into the simulation program to calculate: extrusion load,
flow stress and equivalent strain for the three metals when extruded
into dies with extrusion channels having lengths of 3 mm, 6 mm,
and 9 mm. With a proven percentage of reducing in the extrusion
process from a diameter of 16 mm to a diameter of 10 mm.
From practical experiments conducted on copper metal, it was noted
that:

e Its mechanical properties have changed and it has a high

strength, as well as the amount of yield stress has increased
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e The greater the percentage of shortening in the rolling
process, the greater the yield stress.

e From the simulation process, it was found that the values of
the extrusion load, the equivalent strain, and the flow stress
have changed and increased

Keywords: Copper, ECAP Process, Forward Extrusion, Flow
stress, Effective Strain
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1. Introduction

Nanostructured materials (NS) (sometimes called nanocrystalline
materials NC) reportedly exhibit unique microstructures and
enhanced mechanical performance [1,2]. Although nanomaterials
are defined as those materials in which the grain sizes are between
100 - 300 nanometers. Because studies and research on these
materials (nanostructured materials) are still in their infancy and are
not completely covered, a large number of scientists and engineers
have rushed to conduct many scientific studies to clarify their
physical and mechanical properties and their deformation behavior.
Such information can be obtained from tensile testing which require
large enough bulk specimens with full density. In the past few years,
attention has been paid to studying its properties and methods of
production some of the most important methods to produce the
nanostructured materials is what is known as severe plastic
deformation (SPD) [3]. The Equal Channel Angular Pressing
(ECAP) is a one of methods that produce bulk materials with ultra-
fine grained structure [4]. This this technique (ECAP) is a
processing procedure whereby an intense plastic strain is imposed
upon a polycrystalline sample by pressing the sample through a
special die[5]. (See figure.1)
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Plunger

Fig.1. ECAP Die

Despite the simple design of ECAP tool, the homogeneity of
material flow, needed pressure and resulting strains are strongly
influenced by a number of process parameters like tool geometry,
external friction, rheology of extruded material etc. Several types of
metals have been used in this technique such as aluminum [6],
copper [7] and titanium [8] alloys to obtain metals with a crystalline
structure with a grain size of nanoscale. The results showed a
noticeable improvement in the mechanical properties,
1.1.ECAP of Copper

The ECAP process on copper metal has been performed in several
studies. One of these studies was an analytical study conducted to
study copper behavior during the ECAP process [9]. This study
showed that the mechanical properties of the copper metal produced
by the process is highly dependent on the geometry of the extrusion
channels in the ECAP die, and deformation along the die during
pressing is inhomogeneous for various channel angles under
different hydrostatic pressure conditions. Total displacement of
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sample during pressing decreases with increases with channel angle.
In another study, the influence of the outer angle, friction conditions
and deformation dead zone (DDZ) on inhomogeneous behavior
during the ECAP process was investigated by a grid experiment and
finite element analysis. The study showed that for a given strain-
hardening metal, shear deformation is not obviously found near the
inner and outer surface of the die inlet. The larger the outer angle,
the smaller the DDZ area. It is concluded that the origin of
inhomogeneous behavior is the die geometry, namely, the inner
angle and the outer angle [10].

In other study, A commercial high purity Cu ~99.99%! 10 mm in
diameter was processed using (ECAP) method ( eight passes - route
Bc) the ECAP Cu reached an average grain size of the order of 300
nm. To further refine the microstructure, they subjected the ECAP
Cu to additional plastic deformation by cold rolling at the Liquid
Nitrogen Temperature (LNT). Tensile testing was performed on the
ECAP Cu with dimensions of 1 mmx 1.6 mm cross section¢< and a
gauge length of 7.5 mm, for tensile tests at an initial quasi-static
strain rate of 1x10“ s . The engineering stress-strain curve is
shown in Fig. 2.[11]. They report that a coexisting high strength and
tensile ductility (large elongation to failure and ductile fracture).

In this study, the existing engineering stress and strain values shown
in the previous curve (Fig. 2.) after re-drawing were used to perform
a simulation process for the direct extrusion (forward extrusion)
process of the previous three types of copper metal.
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Fig. 2. Tensile engineering stress-strain curves for three Cu samples:
as received ECAP Cu, after additional LNT rolling to 1180%, and
after LNT rolling to 1340% plus annealing at 100 °C for 2 h [11]

1.2.Forward extrusion of nanostructured materials

When metal is extruded, it is compressed above its elastic limit in a
chamber and is forced to flow through and take on the shape of an
opening. Metal is extruded in a number of basic ways as depicted in
Fig. 3. [12].

Fig.3. Forward extrusion process
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The metal is normally compressed by a ram and may be pushed
forward or backward and the products may be solid or hollow.
Direct (forward) extrusion is similar to forcing the paste through the
opening of toothpaste tube. The billet slides relatively to the
container wall, the wall friction increases and the ram force is
considerably.

In previous work[13], the forward extrusion process is applied on
nanostructured aluminum AIl-6082 Material, three types of dies
were used, these dies have same initial (inlet) diameter [D = 15 mm]
but different exit diameters [d = 6, 8 and 10 mm] with profile angle
(6 = 30). The load-displacement curves which obtained from the
experiments are plotted for the three type of dies in the same
conditions. The experimental results show that the pass 8 (route C)
has the maximum value of extrusion loads and high value of
hardness.

2. Experimental procedure.

2.1. Material and specimens

In this study, belts of three types of copper metal were used, as
follows:

A commercial high purity Cu (99.99%) rod of 10 mm in diameter
was processed using the equal channel angular pressing (ECAP)
method. This metal was named as (ECAP — Cu).

ECAP Cu subjected to a 1180 % cold rolling at the liquid nitrogen
temperature (LNT). This metal was named as (ECAP Cu + 1200-
LNT).

ECAP Cu subjected to a 1340 % cold rolling at the liquid nitrogen
temperature (LNT), and this metal was named as (ECAP Cu +
1350-LNT).

Some data of these materials were taken from a previous study
(reference number 11), and true stress and true strain values were
calculated, using the following relationships (equations).

0, =0, %X (g,+1) 1)
€=1In(e, +1) (2)
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Where: o, is the true stress, o, is engineering stress, &, Iis
engineering strain, and €, is true strain.

After performing the calculations using the previous equations, the
values of true stress and true strain were obtained, and the curve was
drawn as shown in figure 4.

—a— ECAP Cu
55 —=— ECAP +1200 % LNT Rolled
50 —&— ECAP +1350 9% LNT Rolled
—&— Pure Copper
450 \\‘&Q\t -
[l
. 40d N
(]
DE; 35 l\‘-\-
30
w
@ 25 i\——' ——— & ‘-\’
n
=
= 15
L "/o’
10
47
00 _0.05 040 015 020 025 030 035 040

True strain

Fig.4. True stress and true strain curves for three Cu samples:
as received ECAP Cu, after additional LNT rolling to 1180%,
and after LNT rolling to 1340% in addition to pure Cu.

2.2. Finite element Simulation for forward extrusion of

ECAP of Copper

In this work, the finite element method is applied to simulate the
forward extrusion processes of ECAP Cu. Three types of dies were
used, which were similar in their geometric dimensions, but differed
in the length of the extrusion channel (L), as shown in the figure 5,
the lengths of this channel (L) were 3, 6 and 9 mm. The required
data have been entered into the simulation program, such as flow
stress, melting temperature, yield stress, and others, so that the
program performs the simulation and computes the values of flow
stress, load and equivalent strain.
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Fig.5. Forward Extrusion Equipment And its dimensions

Simulations were performed for each type of copper metal using the
three types of dies. The processes were applied with coefficient of
friction of ( 1 = 0.05) at room temperature, Each of the load, flow
stress and effective strain values for all types of Cu with all types of
dies were obtained.

3. Results and Discussion
In the simulation process, direct extrusion was carried out using the
three dies of the three metals. Where the simulation was performed
for each metal using different dies, then, the values of the load,
equivalent strain and flow stress for each case were obtained at a
specific tracked point that was chosen for its position in the center
of the sample as shown in the figure 6.

e

Fig.6. A specific tracked point
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3.1.Load — Time Data
The load curves as a function of time were obtained from the
simulation processes for each materials when the extrusion
processes were carried out using the three types of dies (dies with
channels of different length).
The curves showed that the highest value of the load was in the case
of extrusion of the ECAP Cu subjected to a 1340 % cold rolling
metal (Cu - ECAP + R1350) into the die that contains the extrusion
channel of 3mm length. The load is about 0.126 KN, and the lowest
value of extrusion load was when extruding the ECAP of high purity
Cu metal (Cu — ECAP) into the die that has a channel of 3mm
length. as shown in the figures (7). This is because the (Cu - ECAP
+ R1350) metal has the highest value of the yield stress.. Also,
because the cone angle of the channel with a length of 3 mm is
greater, this causes greater resistance to the flow of the metal and
thus requires greater extrusion load.

——CU-ECAP —— Cu-ECAP
I —— CUL-ECAP+1200 o —— CuECAP+R1200
—— Cu-ECAP+1350 —— Cu-ECAP+R1350
012 /f 0.1 :/

0.1 1/ 0.

oo |

Load (KN)
Load (KN)
.

1]
y 0.0

0.02

00 01 02 03 04 05 06 0 K| 07 1K} (IS 5 6

Time: (min) Time (min)

Fig. 7-a. curves of load-time Fig. 7-b. curves of load-time
when using 3 mm extrusion when using 6 mm extrusion
channel channel
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01
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00 01 02 03 04 05 06
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Fig. 7-b. curves of load-time when using 9 mm extrusion
channel

3.2.Flow stress at tracked point

The flow stress curves as a function of time also were obtained
from the simulation processes for the three materials when
extrusion processes were carried out using the three types of dies
(dies with channels of different length).

From the simulation process, It noted that the area in contact with
the piston has the highest value of the flow stress (red zone), and
then its shape becomes in the form of the letter “M” in the English
language as the metal approaches the extrusion channel. (See the
figures. 8.9 and 10).
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c)- ECAP Cu + 1350 %

Fig.8.Flow stress simulation diagram when using 3 mm
extrusion channel for three types of materials
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Fig.9.Flow stress simulation diagram when using 6 mm
extrusion channel for three types of materials
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c)- ECAP Cu + 1350 %
LA

Fig.10.Flow stress simulation diagram when using 9 mm
extrusion channel for three types of materials

On the other hand, it was noted that there is a fluctuation in the stress
values at the beginning of the extrusion process and this is evident
in the case of using the die that has a channel length of 9 mm. Then
it settles at a certain amount, where the highest value of the flow
stress was in the case of metal ECAP Cu subjected to a 1200 % cold
rolling (Cu - ECAP + R1200) when using dies of 3 and 6 channel
length. The highest flow stress value was about 490 MPa, and the
lowest value was when extruding the ECAP of high purity Cu (Cu
— ECAP) metal into the die that has a channel length of 9 mm, as
shown in the figures (11).
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Fig. 11-a. Flow stress curves
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Fig. 11-b. Flow stress curves
when using 6 mm extrusion

—— ECAP-Cu
ECAP-Cu+1200
—— ECAP-Cu+1350

S

4:.—;—#‘—*—;

channel

0.00

0.05

0.10

0.15 020
Time (Min)

0.25

0.30 0.35

Fig. 11-b. Flow stress curves when using 9 mm extrusion
channel

3.3.Effective strain at tracked point

In the same way, the effective strain data was obtained for the
three materials when extrusion processes were carried out using
the three types of dies (dies with channels of different length).
From the simulation process, it was noted that the highest value of
the effective strain was concentrated in the Surrounding peripheral
region of the metal coming out of the extrusion die (orange zone),
While the amount of effective strain is medium in the middle of the
outgoing metal. This is observed when the metal is extruded using
a dies that contains a channel length of 3 mm and 6 mm (See the
figures. 12.13). But when using the die that contains the channel
with a length of 9 mm, the highest effective strain is concentrated in
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whole parts of the metal coming out of the die, as shown in the figure
(14).

"I .
éji‘jv';'m,'Z:::‘

c)- ECAP Cu + 1350 %

Fig. 12.Effective strain simulation diagram when using 3 mm
extrusion channel for three types of materials
| = |

a)- ECAP - purity Cu b)- ECAP Cu + 1200 %
AR -

c)- ECAP Cu + 1350 %

Fig.13. Effective strain simulation diagram when using 6 mm
extrusion channel for three types of materials
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Fig.14. Effective strain simulation diagram when using 9 mm
extrusion channel for three types of materials

The results showed that the highest value of the effective strain was
in the case of extrusion of the ECAP Cu subjected to a 1350 % cold
rolling metal (Cu - ECAP + R1350) into the die that contains the
extrusion channel of 3mm length, the effective strain in this case
was about 1.84 . But when using the die that contains the channel
length 6 mm, the highest value of the effective strain was when the
ECAP Cu subjected to a 1200 % cold rolling metal was extruded.
the effective strain in this case was about 1.25. While when using
the die that contains the channel with a length of 9 mm, the highest
value of the effective strain was when the ECAP of high purity Cu
(Cu — ECAP) metal was extruded. the effective strain in this case
was about 1.08. As shown in the figures (15-a,b and c).
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—— ECAP-Cu-R1350 —— ECAP-Cu+1350
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Fig. 15-a. Effective strain curves  Fig. 15-b. Effective strain
when using 3 mm extrusion curves when using 6 mm
channel extrusion channel

Effective Strain
Effective Strain

ECAP-Cu
12 —— ECAP-Cu+1200
— ECAP-Cu+1350

1.0
o8

06

Effective Strain

04

02

0.0 01 02 03 04

Time (Min)
Fig. 15-c. Effective strain curves when using 9 mm
extrusion channel

Conclusion
From practical experiments conducted on copper metal, the

following was found:
e Its mechanical properties have changed to high strength and

the amount of yield stress has increased.

e When The percentage of reducing in the rolling process is
increasing, then the yield stress increase too.

e From the simulation process, it was found that the highest
value of the extrusion load was when extruding the metal
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(Cu - ECAP + R1350) process in the die that has an extrusion
channel length of 3 mm and this is due to the large angle of
inclination of the channel wall.

e The flow stress values at the beginning of the extrusion
process fluctuate and then settle at a certain value.

e The largest value of flow stress was when the metal
extrusion process (Cu - ECAP + R1200) was carried out in
a dies that had an extrusion channel of 3 mm and 6 mm in
length.

e the highest value of the effective strain was in the case of
extrusion of the ECAP Cu subjected to a 1350 % cold rolling
metal (Cu - ECAP + R1350) into the die that contains the
extrusion channel of 3mm length

References
[1] C. Suryanarayana // Inter. Mater. Rev. 40 (1995) 41.

[2] W. W. Milligan, In: Comprehensive structural integrity, ed. by
I. Milne, R. O. Ritchie, and B. Karihaloo (Elsevier Pergamon,
2003, Vol. 8) p. 529.

[3] R.Z. Valiev*, R.K. Islamgaliev, LV. Alexandrov, Bulk
nanostructured materials from severe plastic deformation.
Progress in Materials Science 45 (2000) 103-189.

[4] Alexander M. Lapteva, Alexander V. Perigb*, Olena Yu.
Vyala, Analysis of Equal Channel Angular Extrusion by Upper
Bound Method and Rigid Block Model, Materials Research.
2014; 17(2): 359-366. http://dx.doi.org/10.1590/S1516-
14392013005000187.

[5] Segal, V. M., Reznikov, V. I., Drobyshevskiy, A. E. and
Kopylov, V. I, Metally, 1981, 1, 115 (English translation:
Russian Metallurgy, 1981, 1, 99).

467 Copyright © I1STJ Ak gias okl (3 ia
Ayl g o shell 40 sal) dlaall


http://dx.doi.org/10.1590/S1516-14392013005000187
http://dx.doi.org/10.1590/S1516-14392013005000187

27 x| Ry ot At dlgd

Imtrwaational beimrs mad Taviasiags demraal

sTa

International Science and
Technology Journal
i) 3 »hall A 1) Ayl Volume 27
October 2021- xS

[6] Ahmed S.M.Agena, A study of flow characteristics of
nanostructured AI-6082 alloy produced by ECAP under
upsetting test, Journal of Materials Processing Technology,
Volume 209, Issue 2, 19 January 2009, Pages 856-863.

[7] Sh. Ranjbar Bahadori, S. A. A. Akbari Mousavi, and A. R.
Shahab, Microstructure and Mechanical Properties of the Twist
Extruded Pure Copper after Rolling, International Journal of
Modern Physics: Conference Series Vol. 5 (2012) 359-366.

[8] Satyam Suwas, B. Beausir, L.S. To’th, J.-J. Fundenberger, G.
Gottstein.

"Texture evolution in commercially pure titanium after warm
equal channel angular extrusion”. Acta Materialia 59 (2011)
1121-1133.

[91 Raj Mohan R.1, R. Venkatraman & S. Raghuraman,
"ANALYSIS ON DEFORMATION BEHAVIOUR FOR
PURE COPPER PROCESSED THROUGH EQUAL
CHANNEL ANGULAR PRESSING DIE", IDRRAS 12 (3) p:
477- 480. . September 2012.

[10] Wei Wei, A.V. Nagasekhar, Guang Chen, Yip Tick-Hon, Kun
Xia Wei, " Origin of inhomogenous behavior during equal
channel angular pressing” Scripta Materialia 54 (2006) 1865—
1869.

[11] Y. M. Wang and E. Ma, M. W. Chen. " Enhanced tensile
ductility and toughness in nanostructured Cu", APPLIED
PHYSICS LETTERS, VOLUME 80, NUMBER 13 1 APRIL
2002. Pp:2395-2397.

468 Copyright © I1STJ Ak gias okl (3 ia
Ayl g o shell 40 sal) dlaall



International Science and 27 ) Ryl p glll A0 g

Technology Journal Volume 27 Ioerrmasanat s et Tostasiag St

AN
Ay pgnll 45l Alaal October 2021- x5 =>T.1 /\

[12] L. E Doyle et al, >’Manufacturing Processes and Materials
for Engineers” Ch. 12, pp.266-271. 2nd edition, Prentice-Hall
inc USA, 19609.

[13] "Forward Extrusion of Tube from Ultra-fine Grained
Material "PhD. Dissertation” Prepared by Ahmed.S.M.Agena,
Under Supervising: Dr. Gyorgy Krallics,. Budapest University
of Technology and Economics, Faculty of Mechanical
Engineering, Department of Material science and Engineering.
September 2008

469 Copyright © I1STJ Ak gias okl (3 ia
Ayl g o shell 40 sal) dlaall



International Science and 27 ) Ryl p glll A0 g
Technology Journal Volume 27 —————

PAS
Ay pgnll 45l Alaal October 2021- x5 =>T.1 /\

Investigate the Noise Pollution Effect on the
Operators of Al-Zawiah Electrical Power Station

Abdulhamid. A. Alsanousit Mohamed Altaher? 1. B. AlArabi®
M. A. Almadani* K. F. Alhauwari®

General Electrical Company!, The Libyan High Technical Center for
Training and Production?, University of Sebha*, Univercity of Zawia®

hmidalogmanai@gmail.com, Mohamed.altaher@tpc.ly
Ibr.bakari@sebhau.edu.ly, Moh.ibrahim@sebhau.edu.ly
Alhauwari@gmail.com

tuaddall
By JuSill Alfy sl Chlaal Jie gludl) daa o Hdbe il slageall
sl Slealls lawi (AT (alye) ) ALYl panll 508 (aily «Qldll cilias
Ol
sl g ddane lidie o slaagaal)l il duln s Gand) 138 (e Caagl)
e BV cladad e Teliy adlsa) L) &5 adlge 6 ) Adasall aseds 23 Al
5ad ey (990 IS 5 el 31 ) Z et A Gl pliagun SSYI SLY)
Glabidll s Ao ol JAdlgia ad dae ol 5 s3al allgal) 228 & cliasuall
Ay o Lual g (4 Uil Gl l) slageall Gubies ge Liliass gple Jeaaiall
Ghlie al G Alanall a3 ade g AT ) ase (e a5 dland) 8 lingeal
Ssing - 3hliall sda (8 Janll Ly mgaceal) Liia3l) saally slimguall daps o ol
Uane Glidie Glo pliasaall 5l (galiil lge bl g dals Cliags o ] 138
Al elesll Al

Abstract:

Noise is an unwanted or damaging sound that may damage a human
hearing and may causes other health effects such as stress,
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hypersensitivity to noise, increasing in blood pressure and
increasing heart rate. It can also interfere with communication at
work, which could lead to accidents. These may happened due to
effects to the performance of working people at many industrial
locations, such as a power stations.

The present study was investigated the effect on noise of Al-Zawiah
Electric Power Station (Libya) on the workers during one shift. The
selected study cases were six locations by co-coordinating with the
management of power station, which expected to have high level of
sound pressure during the operation and maintenance. This location
has been rotten inspection or taken reading rotten. The experimental
activities were done by an appropriate equipment which
recommended by Occupational Safety and Health Administration
(OSHA). According to the results, the power station divided into
different safety regions by comparing the noise readings with
OSHA standard, they are save slightly save and un-save regions.
Keywords: (Noise, Electric Power Station, Human hearing safety,
OSHA Standard).

1. Introduction

1.1. General

the perceptual analysis of sounds that the complex pattern of sound
waves may be classified as “Gestalts” and labeled noise, music,
speech, etc. From a physical point of view there is no difference
between the concepts sound and noise, although it is an important
distinction for the human listener Noise is a class of sounds that are
considered as unwanted. In some situations, but not always, noise
may adversely affect the health and wellbeing of individuals or
populations. Since long agreed among experts, it

is not possible to define noise exclusively on the basis of physical
parameters of sound. Instead, it is common practice to define noise
operationally as audible acoustic energy that adversely affects, or
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may affect, the physiological and psychological wellbeing of people
[1].

Noise is one of the most common pollutants. It is often ignored
because it is Colorless, Odorless, and tasteless. And yet it can have
negative effects on human well-being [2].The normal range of
hearing for a healthy young person is from approximately 20 Hz
(Hertz) to 20,000 Hz (20 kHz). Human ears are more sensitive to
the middle frequencies, which range from 500 Hz to 4000 Hz - the
speech frequencies [3].

1.2. Types of Noise

Continuous Noise: is produced by machinery that operates
continuously, such as, gas turbine and pumps [4].

Intermittent Noise: is when machinery operates in cycles. Regular
or Irregular period operate and difference in noise level such as
pump operate on time to time when pressure has been dropping the
system. [4].

Impulsive Noise: is the noise from impacts or explosion such as
safety valve on high pressure pipe transmitting [4].

1.3. Tones in Noise

Annoying tones as mosquito sound or same thing like this, such as
motors, gearboxes and fans or pumps often create tones. Because has
been Unbalance or high vibration.[5]

2. Literature Review

2.1. Physics of Noise (Sound)

As sound energy travels through the air, it creates a sound wave that
exerts pressure on receivers such as an ear drum or microphone.
Sound pressure is typically measured in microPascal (uPa) and
converted to a sound pressure level in decibels (dB) for reporting
purposes. The decibel scale is a logarithmic scale relative to the
human threshold of hearing. Sound pressure level is used to
determine loudness, noise exposure, and hazard assessment [4].
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2.2. Economic Impact of Noise Pollution

Noise-induced hearing loss is one of the most common occupational
injuries, resulting in health problems for many workers and it
presents a significant social and economic cost to Libya. The human
cost is also high. This includes lost jobs, increased absenteeism,
reduced performance, lost opportunities for promotion or other
employment and impaired family and social relationships. In
addition, if your hearing is damaged it could cause a workplace
accident. The first sign of noise-induced hearing loss is often the
difficulty to hear high-pitched sounds, such as consonants (e.g. ‘t’,
‘d’, ‘s’) and the voices of women and children. When more than one
person is speaking or there is a background noise, the problem
becomes worse. Noise-induced hearing loss occurs gradually over a
long period of time and unfortunately, hearing loss is permanent.

3. Noise Level Meter Devices

There are many types of noise level meter device. We will pay
attention to a dosimeter level meter because it's the used device in
our study. Dosimeters are widely used for monitoring noise in
workplace environments where sound levels may be hazardous to
hearing. Basically, the dosimeter integrates a weighted function of
sound pressure or sound pressure level over a time period to
determine noise dose, which is a percentage of permissible exposure
criteria [7].  In our study we have been used a dosimeter model
number CEL-360 which is shown in figure (1).

Figure 1. Dosimeter model number
CEL-36
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4. Standards of Safety Noise

Today, the literature is lacking in terms of deeming a noise
prevention program successful. Perhaps the success in the field is
the enforcement of prevention programs in workplaces across the
nation as determined by organizations such as Organization Safety
Health Association (OSHA). This standard was created by the
Occupational Safety and Health Act of 1970. It concerns with noise
exposures began primarily in the workplace [6].

Table 1. shows the duration (in hours) of allowable exposures based
on OSHA criteria, where (PEL) is the Permissible Exposure Limit

[8].

(Tablel) OSHA PEL standard [6]
Levels | 85 | 88 | 90 | 92 [ 95 | 97 | 100 | 102 | 105 | 110 | 115
indB A

OSHA |16:00 | 10:00 | 08:00 | 06:00 | 04:00 | 03:00 [ 02:00 | 1:30 | 1:00 | 00:50 | 00:25 or
PEL less

According to data in table (1), permits exposures of 85 dB for 16
hours per day, and uses a 5-dB time-intensity tradeoff: for every 5 dB
increase in noise level, the allowable exposure time is reduced by half.
For every 5 dB decrease in noise level, the allowable exposure time
is doubled. All time/intensity values shown on the OSHA PEL line in
table (1). Are assumed to have equal risk to each other, that is, 16
hours at 85 dB carries the same auditory risk as 8 hours at 90 dB, 4
hours at 95 dB, 2 hours at 100 dB, and so on.

5. Research Methodology

5.1. Introduction:

Al- Zawiah Electric power station is one of most important of
stations of the General Electric Company in Libya. It's located at
north west of Al-Zawiah, about 45 km from Tripoli It consists of
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three steam turbine and six gas turbine units with capacity of 1400
MW. The total station manpower is around 296person [7]

5.2. Noise Measurements Steps:

(Step A): Noise Source Classification:

After several visits to the station area and our discussion with the
top and middle level management about the source of noise in the
station, we have decided to classify the station to six locations (X1,
X2, X3, X4, X5, X6) namely as the followings:

X1 location: Low Pressure Feed Pump (STU3):

This pump very important where it provide the steam turbine to low
pressure steam, it has been inspection and reading rotten.

~ N PPy i
) ||| SRlEEE
P A Ny'.‘."__

i |
\

‘ o, X
e _ L 551 5 Y
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Figure 2. X1 location: Low Pressure Feed Pump (STU3).

X2 location: 6 meters away of location X1 (STU3):
This equipment has been reading rotten one of important stage in
create steam.
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Figure 3. X2 location: 6 meters away of X1 location.

X3 location: Area in between X1 and X2 Locations:
This location has been two important control valves.

Figure 4. X3 location: Area in between X1 and X2 locations.
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X4 location: High pressure feed water pump ( STU2):
This pump is very important where it provide the steam turbine to
high pressure steam. It has been inspection and reading rotten.

Figure 5. X4 location: High pressure feedwater pump (STU2).

X5 location: Fuel forwarding pump unit, (FFPU).
This pump very important where it provide the gas turbine with light
fuel. Has been inspection and reading rotten

- Pa s AT A N
Figure 6. X5 location: Fuel forwarding pump unit (FFPU).
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X6 location:Trust bearing joint between compressor and
generator room, (GT14).

This location joint is between compressor and generator room. It has
been reading rotten temperature and pressure indicator

Figure 7. X6 location: Trust bearing joint between compressor
and generator room, (GT14).

5.3. Tests Procedure:

The noise readings have been taken for the six locations using a
device of noise measurement. This procedure has been done for a
continued five days. The device has registered the noise minimum
and maximum levels for five minutes in each site. In the present
work we have compare the maximum levels which have been taken
during the five days with the OSHA standard in order to identify the
allowed and non - allowed working period time.

6. Results
The following figures show the measurement at each location in
the electric power station.
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X1 Location

120

100

80

60

40

20
0 First | Secon | Third | Forth | Fifth
day | dday | day | day | day
mmax level 01.8 | 88.3 | 81.8 82 85.1
mmin level 85.2 | 80.2 | 78.5 | 80.1 | 80.9
npeak excesdance level| 106.7 | 104.1 0 0 103.8

Figure 8. Max, min and peak exceeding level at location X1, STU3

X2 Location

120
100
80
60
40
20

mmax level
Emin level
mpeak exceedance| 110.6 | 112 | 111.2 | 111.6 | 113

Figure 9. Max, min and peak exceeding level at location X2, STU3
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X3 Location

120
100
80
60
40
20

mmax level
Emin level
mpeak exceedance | 112.6 | 111.8 | 112.3 | 111.5 | 112.6

Figure 10. Max, min and peak exceeding level at location X3,
STU3

X4 Location

120
100
80
60
40
20

W max level

min level

W peak exceedance level | 1117 | 112 110 | 1121 | 112

Figure 11. Max, min and peak exceeding level at location X4, STU3
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X5 Location

120 -
115 -
110 -
105 -
100 -
95 -
90 -
85 3 . .
First | Secon | Third | Forth | Fifth
day | dday | day day | day
mmax level 101.7 | 102.7 | 102.6 | 102.5 | 103.2
mmin level 99.3 | 99.4 | 99.4 | 100.2 | 100.3
u peak excesdancelevel | 118.2 | 117.3 | 117.4 | 118.1 | 118

Figure 12. Max, min and peak exceeding level at location X5, STU3

X6 Location

130 -
125 -
120 -
115 -
110 -
105 -
100 -
95 = " ;
First |Second| Third | Forth | Fifth
day day day day day
# max level 112.7 | 112.3 | 112.8 | 113.8 | 112.3
#min level 110.2 | 107.5 | 108.4 | 109.5 | 109.1
'pmkel’e‘f:fdmce 1282 | 125.7 | 126 | 127.4 | 126.4

Figure 13. Max, min and peak exceeding level at location X6, STU3
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The following Arithmetic mean formula was used to calculate the

average of minimum and maximum reading during the five days for

. Thesumo fvalues
each location [8]: f

Table 2 shows the average of maximum and minimum readings at

Xmean =

Nmberofvalues

each location in the electric power station.

Table 2. Average of the maximum and minimum readings for each

location in the electric power station.

Table 3. Comparing the average of the maximum readingswith
OSHA criteria, in order to evaluate the Permissible Exposure Limit

Average of Average of
Location max. sound min. sound
level (dB) level (dB
X1 85.80 80.98
X2 92.18 89.22
X3 94.62 92.38
X4 95.00 92.98
X5 102.54 99.72
X6 112.80 108.94

(PEL)
Location ﬁ\gz(r.age sounotj PEL
level (dB) (hrs)
X1 85.80 16
X2 92.18 6
X3 94.62 4
X4 95.00 4
X5 102.54 1.3
X6 112.80 0.25
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7. Discussion and Analysis
7.1. At X1 location: According to table (4), the average of
maximum sound level is lower than 90 dB, thus the workers in this
location can work in this location safely.
7.2. At X2 location: the average of maximum sound level is 92.18
dB, and according to OSHA standard, workers in this location must
not allow to work in this location more than 06:00 hours.
7.3. At X3 location: the average of maximum sound level is 94.62
dB, and according to OSHA standard, workers in this location must
not allow to work in this location more than 04:00 hours
proximately.
7.4. At X4 location: the average of maximum sound level is 95.00
dB, and according to OSHA standard, workers in this location must
not allow to work in this location more than 04:00 hours.
7.5. At X5 location: the average of maximum sound level is 102.
dB, and according to OSHA standard, workers in this location must
not allowed to work in this location more than 01:30 hours.
7.6. At X6 location: the average of maximum sound level is 112.80
dB, and according to OSHA standard, workers in this location must
not allow to work in this location more than 00:20 hours.
According to the sound level measurements, the electric power
station classified to four regions of machinery noise effects on the
station workers based on the OSHA standard. These regions are
shown on figure (14).
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| Save locations

slightly un-zave

needs to usge a personal
protection equipment

slightly un-zave

neaeds to ugea self
personal protection
equipment with high
management control

H Un-zave locations

Figure 14. Classification of machinery noise effects on the station
workers

8. Conclusions and Recommendations

8.1. Conclusions

Noise hazard is one of the major disturbing factors in human
everyday life. It causes annoyance, difficulties in concentration and
performing tasks, and hearing impairments. Moreover, the
continuous exposure to noise leads to non-auditory health disorder.
In order to investigate the effect of machinery noise of Al-Zawiah
Electric Power Station on the workers, the station was divided in six
different locations, and the maximum and minimum noise
measurements were taken at each location during five working days.
The locations were chosen, because of their inclusion of high
pressure and high temperature gauges, which need to be checked in
the daily basis for long time from the work period.

According to the results, the power station divided into different
safety regions by comparing the noise readings with OSHA
standard, they are Save, slightly save and un-save regions.
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8.2. Recommendations

1- Educate employees and officials about dangers of noise.

2- Awareness courses for operating and maintenance workers in
occupational safety and noise hazard are needed, because of the
gradually effect of the noise begins with turbulence in sleep
fragmentation, lack of focus, an advanced stage of blood pressure
and hearing loss may lead to death.

3- Taken tough decisions management to the workers they require
developing protecting them self by using earplug to reduce noise.
4- To provide the employees by noise measurement equipment to
determine the noise level in danger places.

5- Routine screening devices and routine maintenance and periodic
lubrication of machines to reduce noise sources of noise, especially
in the rotating parts such as pumps and the like.

6- Employers must be taken into account the reduction of working
hours in some places which have unpermitted noise according to
OSHA standard.
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Abstract

Factorial field experiment was conducted to evaluate response
relationship between two local wheat genotypes (Triticum aestivum)
and phosphorus soil test values. The M 0.5 NaHCOs3 based (Olsen
phosphorus) extractant was carried out on soils taken from the plots.
The experiment was conducted at western region of Libya. Soil pH
at the experimental site was 8.1 and the texture is sandy. The
experiment was performed using a randomized complete block
design (RCBD) method with three replicates for each treatment of
phosphate fertilizer at concentrations of 0, 60, and 120 kg P,Os ha'
for both genotypes. Results were expressed by relative values
(Relative Yield). Relative yield (RY) of the two wheat cultivars
showed similar significant responses to both soil test values and the
grain yield. Linear relationship between relative yield and the grain
yield at 0 kg P205 ha'* for both genotypes was found, whereas, non-
linear relationship was noticed among treatments that received 120
kg P,0Os ha?. Both the linear and non- linear relationship have
explained by tendency curves and showed how both genotypes
response to phosphate fertilizer.

Key wards: Wheat genotypes, Olsen soil phosphorus test,
phosphate fertilizer, Relative yield.

Introduction

Wheat is grown on more land area than other commercial crops
and continues to be one of the most important food grains source for
humans. Wheat with rice and maize represent the essential food for

487 Copyright © I1STJ Ak gias okl (3 ia
Ayl g o shell 40 sal) dlaall



mailto:baribillaed@yahoo.co.uk

27 ) 3y ol 330 U

Imtrwaational beimrs mad Taviasiags demraal

SsTI

International Science and
Technology Journal
i) 3 »hall A 1) Ayl Volume 27
October 2021- xS

80% of the World's population [1]. Wheat provides vitamins,
minerals, essential amino acids and fibers [2]. Wheat products
important in increasing red blood cell counts, curing anemia and
normalizing blood pressure [3]. There are many cultivars of wheat
which are grown in many countries around the world based on wheat
adaptability. In 2020, Statistics estimated the average global
production value of wheat was 765.4 million metric tons [4].

Phosphorus is considered one of the major macronutrients after
nitrogen and potassium which are very significant elements for the
higher plants nutrition. Phosphorus (P) exists in the soil in large
number of chemical forms, these forms contribute to varying
quantity of plant available P [5]. The concentration of the
phosphorus in the soil solution is ranged between (10°-10* M) in
most Arable lands [6]. Phosphorus is taken up from soil solution as
orthophosphate ions, typically H.PO™ and HPO4™ [5][6], and the
availability of these forms are totally depended on the pH of the soil
solution. The relationship between soluble P and less available
forms can be determined by different soil tests, which are chemical
methods for extracting and estimating plant available nutrient from
the soil [7].

Soil tests have been developed to provide an indication of the
level of soil P that is available to the plant. These relationships have
been thoroughly reviewed and established based on the modern soil
testing. Generally, some soil tests are more appropriate for
extracting available phosphorus from acid soils such as Bray, Acetic
Acid, and Mehlich. Bicarbonate extractants. Olsen test is better
suited to calcareous and alkali soils [8]. Several experiments [9] [10]
[11] [12] [6] were performed over the world to evaluate the
correlation between soil nutrient tests and crops yield, and
concluded that there is a positive relationship between the
fertilization and crop production. Crop response to nutrients (e.g.
phosphorus, potassium.... etc.) is usually predicted using soil test
information.

Fertilizing recommendations obtained from soil test results are
commonly based on calibration curves. These curves can be used to
compare any crop production at a specific soil test level to yield
where the relevant nutrient is not limiting [13]. When different soil
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test levels are made with yield inspections in numerous sites, a
calibration curve is developed where relative yield is schemed
against soil test level. Direct relationships among calibration curves
are that decreasing soil test level leads to decrease relative yield
[13]. Relative yield, which is calculated by Billaid in 1995, (grain
yield at nil applied phosphorus / maximum grain yield) x 100 [11].
The objectives of this work were to evaluate the effect of
phosphorus on the final crop of two local wheat cultivars.

Material and Methods

Factorial field experiment was conducted to evaluate the
response relationship between two local wheat genotypes (T.
aestivum) and soil phosphorus test values. The two wheat cultivars
‘Acsad 901’ and ‘Salamboo’ were used. The experiment was
conducted at the research farm in Tripoli countryside (Janzour
located is about 10 km west Tripoli, Libya). Table (1) demonstrates
some chemical and physical properties of the experimental sites
[14]. The soil texture of the experimental site is sandy; sand 87.8%,
silt 11% and clay 1.2%. For Both genotypes, the experiment was
performed in a randomized complete block design (RCBD) [15]
with three replicates for each treatment of phosphate fertilizer at 0,
60, and 120 kg P2Os ha! as triple superphosphate (46% P20s). The
experimental parameters were tested at (P < 0.05) [15].

Soil samples (0-20 cm) were collected to determine
available soil phosphorus levels. Available soil phosphorus was
determined at the beginning of the experiment. Olsen soil test (0.5
M of NaHCOsat pH 8.5) procedure was used for soil extracting [16].
Wavelength of spectrophotometer was 880 pm for measuring of
available soil phosphorus. The area of experimental unit was 16 m?.
Basic applications of nitrogen, potassium, and other micronutrient
were made since they are essential to sustain plant growth. Weeds
were controlled manually in all plots. Corrective measures were
taken for control of insect pets and diseases. The soil was watered
to 80% of its water holding capacity at least three times per week
throughout the growing period of the crop. Two square meters in the
central of each unit were harvested at the end of the season.
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Table 1. Some chemical characteristics of the experimental soil

Soil pH CEC F. B. 0. Pa K

property (1:1 (meqg/100g capacit densit M  (mg/Kg (mg/kg

i ) M) y®) vy % ) )
(gee) )

value 8.1 14 8.2 15 02 16 150

“pH in water (suspension 1:1w: v), P, = Soil Available Phosphorus, CEC= Cation
Exchange Capacity, F= Field, B= Bulk, O. M= Soil Organic Matter, K= Soil
Available Potassium

Statistical analysis

Data was analyzed by Excel software. The correlation between
relative yield and soil test values was used. For actual grain yield,
comparisons between ‘Acsad ¢ and ‘Salamboo’ wheat genotypes
was done using the Student's t-test.

Results and Discussion

Results in Table 2 refers to actual grain yield and Table 3 to
relative grain yield of ‘Acsad’ and ‘Salamboo’ wheat genotypes. For
the final crop, after soil were treated with phosphate fertilizer at 0,
60, and 120 kg P20s ha, a significant increase in grain yield was
observed for ‘Salamboo’ wheat genotype, where the average actual
grain yield value on ‘Salamboo’ was 1053, 2081, and 3694 Kg ha'!
at Yo, Yeo, and Y120, respectively. The average grain yield across Yo,
Yeo, and Y10 was 2276 Kg ha for ‘Salamboo’ and 2029 Kg ha'
for ‘Acsad’.

Table 2. Actual grain yield of ‘Acsad ‘ and ‘Salamboo’ wheat
genotypes. Soil was treated with phosphate fertilizer at 0, 60, and
120 kg P20s ha'* as triple superphosphate (46% P20s).
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Actual Yield (Kg ha™)

Soil test
(ng P mg™) YO0 Y60 Y120
Acsad  Salamboo'  Acsad Salamboo’ Acsad  Salamboo”

23 4104 628.9 1017.6 1175 31584 3281.1

35 505.9 776.1 1213.3 1420.5 3112.8 33053

36 5294 791.9 1346 1522.1 3304.1 35494

5.9 761.5 972 2026.9 2180.3 3419.7 35994

7.7 1002 1209.3 2246.8 2550.5 3670.8 3884.8

8.4 1004.5 14348 22715 26614 3697.5 39859

9.8 11906 15592 2812.1 30554 39258 42533

The significance of differences between actual grain yield of
‘Acsad’ and ‘Salamboo’ was determined using Student t-tests. p <
0.05 was considered statistically significant (*).

100
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&0 v=>000125574 2 21305+ 14415

40 4 -
30 1 B Spe
20 —

10 &
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i
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0 2 4 G b 10 12
Soil Test (ug Pmg-Y)

Figure 1. Wheat relative yield for both localized genotypes ‘Acsad’
(Triangle) and ‘Salamboo’ (Diamond) at unfertilized treatments

The curves of relative yield for both genotypes were trend to
non-linear relationship at high phosphate rates (Figure 2). Non-
linear relationship among fertilized treatments mean all treatments
responded to more phosphate fertilizer until limited point, this point
is known by a critical level for a nutrient, which was 9.8 pg P mg™.
the grain yield decreased gradually with increasing in fertilizer rates
(Law of diminishing return). The curves of relative yield for both
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genotypes started to be flat after the value 9.8 ug P mg™. The critical
level value was performed about 71.8 % of maximum yield.

On the other hand, curves of both genotypes showed different
trends, however the curves of grain yield at 0 kg P.Os ha* for both
genotypes were linear relationship (Figure 1), thus increasing in
grain yield was dependent on soil test values and phosphate
applications. So, there is a fairly good linear correlation of ‘Acsad’
and ‘Salamboo’ at grain yield on P unfertilized soil.

Table 3. Relative grain yield of ‘Acsad ‘ and ‘Salamboo’ wheat
genotypes. Soil was treated with phosphate fertilizer at 0, 60, and 120 kg
P,Os ha! as triple superphosphate (46% P,Os). Relative yield was
calculated as : grain yield at nil applied phosphorus / maximum grain yield
x 100.

Relative yield
Soil test
(ug P mg™) YO0 Y60 Y120
Acsad Salamboo Acsad Salamboo Acsad Salamboo

2.3 13 19.2 32.2 35.8 100 100
35 16.3 235 39 43 100 100
3.6 16 22.3 40.7 42.9 100 100
5.9 22.3 27 59.3 60.6 100 100
7.7 27.3 31.1 61.2 65.7 100 100
8.4 27.2 36 61.4 66.8 100 100
9.8 30.3 36.7 71.6 71.8 100 100

Hence, our observations corresponded with those reported by
Billaed [7], Varvel et al. [17]. beyond the critical level point for
phosphorus in the soil, the yield curve will be flat before it to be
concave down. Most treatments responded to fertilizer rates, but
the grain yield might be decreased.
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Figure 2. Wheat relative yield for both localized genotypes Acsad
(Triangle) and Salamboo (Diamond ) at 60 kg P.Os ha* treatments

Conclusion

The current study has concluded that the relative yield is suitable
representative to determine soil nutrients critical level. The critical
level for phosphorus in the study was found 9.8 pg P mg™. The
current study and previous one for own author emphasized the importance
of wusing the critical nutrient level concept in fertilizer
recommendations. Using this concept with fertilizer programmes
will lead to: (i) conversion of the simple entry variance of yield
across sites to a practical, agronomic stability measure, allowing
easy comprehension of the genotype-by-environment (GxE)
structure, and (ii) ease in comparing of large numbers of entries
tested in different experiments at the same site and year. Plant
breeders are encouraged to use routinely relative yield, to adopt the
variance of relative yield across sites as a powerful, yet simple, and
stable measure. The study recommended the use of good
agricultural practices and farming operations to increase the
productivity of the crop per hectare. Selection of drought-tolerant
and salinity-tolerant varieties is significant factors for obtaining
high productivity under local conditions.
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Abstract

In industrial applications stepper motors are wildly used, such as
arm robot movement, belt conveyer, printers. Stepping motors are
well-suited that is to go from point to point and then return to the
starting point with extreme precision. The goal of this study is to
control the movement of three different motors used with certain
paths to obtain rotational movement so that it goes from the start
point to the end point and then back to the starting point without
data loss which occurred when using the sine wave. In this study
MATLAB and Lab view software’s was used to achieve the best
results.

Keywords:- Stepping motor- Step Angle-starting point- end point-
rotational movement-step increment
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Introduction

A stepping motor, also known as step motor or stepper motor is a
brushless DC special electric motor which divides a full rotation into
anumber of equal steps that move in discrete steps. With a computer
controlled stepping you can attain very precise positioning and
speed regulator without any error. The major components in a
modern motion control system are the motor drive, the feedback
sensors, the motion controller, and an electric motor [1].

Together with these components, the system may contain other
components such as ball screw and lead screw. Nowadays a motion
controller can either be a Programmable logic controller (PLC), a
motion control card (MCC) or person computer (PC). In order to
perform their assigned task (function) properly these component
must work together perfectly consistent. Selection of these
components is depending on the economic consideration as well as
the engineering. Table (1) describes the movement direction of the
stepper motor. Where the forward motion is obtained when moving
from phasel to phase 4. And the reverse motion is achieved when
moving from phase 4 to phase 1 [2].

Table 1. Forward and Reverse motion of the stepper motor

Forward A B 1 2 3 4 Reveres
Phasel |0 O 1 0 1 0
Phase2 |1 0| 0 1 0 1
Phase3 |0 1| 0 1 1 0
Phase4 |1 1 1 0 0 1

Step Increment and Step Angle Accuracy

Compared when rotating with "full-step” algorithm, the angular
rotation of the rotor covers half distance when "half-step” algorithm
is implemented. This implies that it take many steps to make the
rotor complete one rotation. Also it implies that it is possible to
achieve "finer" angular increment when half-step codes are
implemented. Depending on the application, this may be an
advantage. Consider the situation when the rotor shifts 45 degrees
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between the applications of two half-step codes, while it shifts 90
degrees between the applications of two full-step codes [3].

The more poles a motor has, the smaller the rotational increments
on both half and full steps. On the other hand, this also means that
more code sequences are needed to make one complete turn. There
are advantages and disadvantages to having a stepper motor with an
N number of poles. The tradeoff is rotational speed versus angular
resolution. The angular resolution a for full step sequences
calculated as:

0= oo (1)

360
=—=138
200

And, from that o for the half step sequence a is equal to 0.9. Another
characteristic difference between using half-step increments and
full-step increments to make the rotor move is the torque force
capability. The motor will exhibit a greater torque force when full-
step codes are used because there is twice as many energized stator
poles applying magnetic attraction on the rotor than when half-step
codes are used.

Each motor has its own distance travelled for one step. This is called
variable step increment. The motor steps given by manufactures are
not very precise and this must be recalculated when precise
measurements are required [4].

Step increment calculations are presented as follows instead of
manufacture data:

One cycle to X-motor=3.33mm on X-Axis and real step
increment=0.01667.

One cycle to Y-motor=0.994mm on Y-Axis and real step
increment=0.00497.

One cycle to Z-motor=3mm on Z-Axis and real step
increment=0.015025.
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Step Position Error (Spe)
The maximum positive or negative position error caused when the
motor has rotated one step from the previous holding position [5].

Spe = Msg = Om v (2)
Where:

Msa is measured step angle and @m s the theoretical angle

Note:-
There are four categories of stepper motor drive modes:

e Full step drive (2 phase on).

e Half step drive (1 and 2 phase on).

e Wave drive (1 phase on).

e And micro-stepping (continuously varying motor current).
Problem statement
The objective of this study is to control motion of different used
motors with given trajectory. Initially sine wave has been used as
the generated signal.
Also generated signals (trajectories) which are corresponding to
data can be used. Figure 1 shows the location of the problem to be
resolved [5].

enerat. Sampling and Generate Boolean Create digital
Sin W Quantization sequences waveforms

Figure 1: The location of the problem

Although sine wave has been used to control the motion of different
motors at given trajectory, the achieved results were not so
impressive.
To overcome this problem new approach has been suggested.
Previous encountered problem was caused by not take into account
the following major factor:

The relationship between sampling time Ts and amplitude A.
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By ignore this factor many data can be lost and this cause the motor
not to able to return to the start point (origin). Also, another
disadvantage of sine wave is that, it is not easy to make baseline
shift between the periods. Sine wave could be applied by
considering the following factors.

Minimum number of samples Ts.

Maximum slope angle dm.

Minimum number of sample is calculating as follows [4].

T e 3
S (3)
Where: A is the amplitude and Si is the step increment. The
maximum slope angle Om is given as:
Si
Om = tan™* (—) PP 3
Ts

Figure 2 display when the maximum slope angle@m, the
amplitude A and the minimum number of samples Ts) are taken
into accounts.

[

Amplitude

Figure 2: Applied Signal

Saw tooth wave

The new approach is to use the saw tooth wave to control motion of
the motors. The saw tooth wave has been chosen because, it is more
flexible to control compared to sine wave. Also, it has similar
properties like sine wave.
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Figure 3 displays all the procedures required to generate signal for
moving motor. These procedures are:

1- To generate signals.

2- Followed by sampling and quantization of the signal.
Quantization is the process of approximating a continuous range of
values by a relatively small set of discrete values such as 1, 0,
andl.

3-The quantized signal is then passed to the Boolean sequence
where digital command array will be generated.

4-Digital wave form will separate the command numbers for each
wire of the motor.

Generate signals Sampling and enerate Boolean Create digital
saw tooth wave Quantization sequences waveforms

Figure 3: Overall steps generated signal

Generate a signal
The motion control of a device can be achieved with various ways
such as microcontrollers or computers based systems. Mechanism
of motion control referred to as the moving an object from one place
to another. This can either be moving from point to point positioning
which implies that, an object (device) will start to move with zero
velocity and stop with zero velocity.
The standard trajectory of the motion can be with zero velocity at a
constant acceleration and this will be followed by a portion with
constant velocity and lastly is the constant deceleration to zero
velocity. The limit of the acceleration is set in such a way that the
required acceleration will not exceed the force ability of the system
at any point. The selected acceleration must be the one which the
actuators can sustain at the highest speed. Before acceleration must
be the one which the actuators can sustain at the highest speed.
Before generating signal for the motors many things should be
known, such as;

e While designing the internal dimensions the all points must

be specified.
e Determine the movement for each motor.
e Maximum and minimum speed for the motors.
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e The knowledge of the distance for the movement of each
motor (amplitude)is required.

When all the above-mentioned are known, the generation of the
signal could be started. The movements of devices (objects) in time,
where objects are defined as spatiotemporal regions are called
motion trajectories.

Various kinds of signals such as the sine wave or saw tooth signal
etc. can be applied as part of the motion trajectory.

Amplitude (mm)

] 200 400 500 800 1000 1200
Time (ms)

Figure 4: generated signal

The generated signal by using mentioned tools is demonstrate in
Figure 4 The saw tooth signal can be used to generate a signal that
has similar properties as the sine wave. Figure 5 shows the saw tooth
signal with similar properties as the sine wave.

10f---

®
T

@
T

Amplitude (mm)

~
T

=)
T

0 200 400 600 800 100D 1200 1400 1600 1800 2000
Time (ms)

Figure 5: generated signal

If the signals are sending to both motors (X and Y) then the
movements of the two motors will look like circle. Base line shift
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between periods. To remove that circle on X-Axis that needs
Baseline shift between periods.

So to remove that circle on X-Axis 7.5 mm, Number of periods = 4
Baseline shift between periods = 7.5/ Number of periods - 1
Baseline shift between periods = 2.5 mm

By using MATLAB program the generate signal can be created with
the baseline shift as shown in Figure 6.

20T T T T T

Amplitude (mm)

: ———| Basdline shift
oS A i
sl i i i i i i i

o 2000 4000 G000 8000 10000 12000 14000 16000

Time (ms)

Figure 6: Generate signal with the baseline shift

Generating actual signal

The generate signal will be used to drive the motors by tracking
process, and it is essential to know the precise measurements then,
draw the trajectories which will provide the properties of the signals
such as the amplitude A, period and baseline shift.

The measurements of the parameters are as follows:

Sampling time = 0.001 s

X- Amplitude peak to peak = 18 mm

Y- Amplitude peak to peak = 18 mm

Z- Amplitude peak to peak =20 mm

X- Baseline shift between periods =5 mm

Y- Baseline shift between periods = 0 mm

Z- Baseline shift between periods = 1.1 mm
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Figure 7 displays the Z-Amplitude peak to peak and the end point
of the trajectory. The distance between the starting point and the
endpoint is about 8cm.

< End point

7-Axis g3

X-Axis ) 10"
Figure 7: Actual generate signal for motor in Z-Axis

This distance can be covered by 32 cycles and 5mm X- baseline
shift. Also, in order to cover 8 cm with 64 cycles then 2.5mm X-
baseline shift is required. Using many numbers of cycles implies
that the time will be increases. On other hand when the number of
cycles decreases the time will be reduced, however, the speed will
remain the same. The same procedure repeats for both X and Y axes,
however, some information will be changing. The trajectory will be
a straight line that means Y-baseline shift is zero.

Figure 8 displays the trajectory line along X-Axes and Y-Axes with
precise Y-Amplitude.

~ Enld point

1 2 3 4 5
X-Axis x10

Figure 8: Actual generate signal for motor in Y-Axis

504 Copyright © I1STJ Ak gias okl (3 ia
Ayl g o shell 40 sal) dlaall



International Science and 27 "'\’J\ Aall y p ghall 0350 A
Technology Journal Volume 27 Ioerrmasanat s et Tostasiag St

2K
il gl ALl Ko October 2021- x4 S T -'I /\

The signal for motor -X, and motor-Z are displayed in Figure 9, 10
and 11, respectively. In order to check for any data loss two signals
are merged together.

o 05 15 Z5 35 4

Figure 9: Actual generate signal for motor -X

Anplitule

Amplitude (mm)y

5
Time (ms) x10°

Figure 11: Actual generate signal for motor -Z
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Figure 12: Actual generate signal for motors, Y, Z

As shown in Figure 12almost 45000 steps, there is no data loss.

Sampling and Quantization

When sampling time Ts is 0.001 implies that the maximum number
of samples is 1000 per second. Also, it is possible to say that
500samples/s which obtained when Ts is 0.002 and 333 samples/s
at 0.003 and so on, however sampling time between 0.001 and
0.002. If sampling time between these periods is needed, it can be
easily computed from the signal in the loop with delay to get any
numbers between 0.001 and 0.002. Maximum speed for the motors,
Motor-X require200 samples for one cycle and one cycle will give
3.333 mm which means that, the maximum speed for motor-X is
5*3.333 = 16.665 mm/s, Motor-Y is 5*0.994 =4.97 mm/s, motor-Z
5* 3 =15 mml/s.

The step value Vs array for each motor is read to be sent Boolean
array sequences.
To calculate Vs we will use the below algorithm:

IF (X(i+1) - X(i)) > 0 THEN
Vs(i) = 1 FORWARD
ELSE

IF (X(i+1) - X(i)) < 0 THEN
Vs(i) = -1 BACKWARD

ELSE
Vs(i) =0 STOP
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Figure 13 will give the direction of the motor. When the value of the
difference between two steps is 1 then will move forward, when the
difference is -1 the motor will move backward and when the
difference is 0 the motor will stop.
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Figure 13: Motion control of the motor

Generate Boolean Sequences
Four-bit code sequence is needed to energize the appropriate pole in
a four -coil motor at any given time. This sequence is required to
make to rotor to turn and can either be full step or half step
increments. The only differences between these modes of operation
are that, some of the code has been omitted. If appropriate codes
applied to the stepper motors signal line then speed or direction can
be changed. When, motor motion in terms of value steps Vs, it
possible to generate the Boolean sequences for the motor. For each
value of the Vs array the corresponding sequence must be created.
There are only three possible ways to travel in 2x4 Boolean
sequence arrays. These ways are;
1- If the value of Vs= +1, in the ascending order then motor will
then go forward.
2- If the value of Vs= -1, in the descending order then the motor will
then go backward.
3 - If the value of Vs= 0, in staying at the same sequence, the motor
will then be stopped.

Also it is required to take accounts in the amplitude of the
generated signal. Also, the distance covered by each motor must be
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limited on each axis. Moreover, in case of saturation, the value of
the reconstruct digitized motion should be recalculated.

Create digital waveforms

The pins in the stepper motors allow the current from the power
supply to flow through the coil windings of the motor.

Although there are some few options of selecting a waveform to
drive a two phase stepper motor, such as a full-stepping motor
shown in figure 14, still these signals can be produced by a dedicated
stepper driver. Each is signal "a" and "b" is applied to the coil
terminal. The coil has two terminals hence two signals must work
together to drive a single coil. After the sequence of the motor has
already been calculated then converting the 2D Boolean array into
digital waveforms is required. To constraint each motor, two
waveforms are needed and these are corresponding to each columns
of the Boolean array. The interval between samples must be defined
when digital calculation is required for that reason sampling time of
the initial signal must be chose [6]

Boolean sequences

1 1 1 1
I I I I
1 1 1 1
X \ \ Digital waveform 1 [~ !
: o : x|
' . . Digital waveform 2 [ '
I I 1 I
I I 1 I
' Boolean sequencel ! L ! :
i i i 1 '&'_ i
: i —— :
1 [ [ 1 1 1
1 1 ] 1
' ' 1 '
| ‘ > 1 I
1 1 1
’ \ |
i i . Digital waveform 6 [~ ! :

Boolean sequence3

Figure 14: Digital wave form generation

Sending samples

The second part of the program is sending signals to the motor, the
array of 6 waveforms must be built, two for each motor.

The sending processes are as follows;

e Sends the array of waveforms to 6 digital outputs,

e Read the array on 6 digital inputs,
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e Using a counter with a frequency equal to the reciprocal of the
sampling time.

The counter has been used to make sure that every sample will be
sent every multiple of the given sampling time Ts. Also, the sending
and reading continuous sample is essential which implies that the
saw tooth signal will be repeated. The last step is that, the motor
should finish the current cycle when the button is pressed; hence the
motor will terminate its motion and go back to the original position.
The emergency button should also be implementing. This button
will stop the motor whenever any fault is detected.

Figurel5shows the final form of the signal sent to the motors to
obtain the required movement [7].
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Figure 15: Digital wave form signal

Conclusions

In this paper, the procedures required to generate the signal for three
moving step motors to obtain rotational motions are reviewed, and
the processes required to generate digital waveforms in addition to
sending samples to the motors are discussed. Moreover, an
algorithm for generating a saw tooth wave signal instead of a sine
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wave signal in which data loss occurs was implemented. Sampling
and quantification are also presented. Finally, the actual signal that
is used to drive the three stepper motors is developed without any
data loss, which means that returning to the starting point is
extremely accurate.
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Abstract

The presence of phenolic compounds in water and wastewater
has been of great public concern and it is one of the most frequent
contaminants at hazardous-waste sites. Phenol is usually formed due
to the photo degradation of pesticides and these phenols have
considerable solubility in water. There are very toxic to flora and
fauna and therefore, pose serious environmental problems. In the
present study, two organic phenolic compounds (4- Nitrophenol &
m-cresol) were used to determine their adsorption capacities by
using activated carbon. This work was carried using a fixed bed
column. The effects of process variables such as bed height, flow
rate and breakthrough have been investigated. The results have been
used to predict the effect of parameter changes on the system by
using the bed depth service time (BDST) model at various depths in
column (Z=30, 40 and 50 cm), (4-Nitrophenol: Q = 50 mL/min,
Breakthrough 10%, and m-Cresol: Q = 50 mL/min, Breakthrough
20%).
Key-words: Adsorption, Coconut Shell, Activited Carbon,
4-Nitrophenol, m-Cresol.
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1. Introduction

The major aim of wastewater treatment is to remove as much of
the suspended solids as possible before the remaining water, called
effluent, is discharged back to the environment. As solid material
decays, it uses up oxygen, which is needed by the plants and animals
living in the water. Phenolic compounds are toxic to human and
aquatic life, creating an oxygen demand in receiving waters.
Chronic toxic effects, due to the phenolic compounds pollution
reported in humans, include vomiting, anorexia, difficulty in
swallowing, liver and kidney damage, headache, fainting and other
mental disturbances [1]. These organic compounds are considered
as priority pollutants since they are harmful to organisms at low
concentrations, and can be toxic when present at elevated levels and
are suspected to be carcinogens [2]. Phenolic compounds are
commonly produced in wastewater streams generated by
petrochemical, oil refineries, coal conversion, steel plant, paint and
phenol producing industries [3, 4] The removal or destruction of
phenolic compounds has become a significant environmental
concern as less than 1 mg/L Phenolic compounds are required for
wastewater discharged [5]. It is well known that phenolic
compounds are toxic while some of these continents are
carcinogenic. Adsorption processes play a good roles in pollution
prevention with application for product recovery, purification and
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removal (and recycle) of contaminants from air and water streams.
It is a physical process in which dissolved molecules or small
particles (adsorbate) are attracted and become attached to the
surface of something larger (adsorbent). The attraction is similar to
that of a magnet on a refrigerator, but on an atomic or molecular
scale. Energy differences and electrical attractive forces which
known as Van der Waals forces, cause molecules of the adsorbate
to physically fasten and stick onto the adsorbent. Adsorption occurs
when molecules diffusing in the fluid phase are held for a period of
time by forces emanating from an adjacent surface. The surface
represents a gross discontinuity in the structure by the surrounding
atoms like those in the body of the structure. The amount of material
adsorbed depends on a number of factors including the degree of
attraction, the surface area exposed to mobile particles, the
concentration of the contaminants the pH and temperature of the
liquid. Typically, the strongest adsorbents are micro porous or finely
divided solids (clays, charcoal, powdered metals) and liquids (fine
droplets like aerosols). The rate of adsorption is controlled by
transfer of species within the adsorbent particle because diffusion
through solids is naturally slower than in fluids, Therefore the
process continues until a characteristic equilibrium is attained at the
adsorbent surface between the adsorbate in fluid phase and
adsorbent on the solid or adsorbent properties. [6]

In the present study, two organic phenolic compounds (4-
Nitrophenol and m-cresol) were used to determine their adsorption
capacities by using activated carbon. The major advantages of an
adsorption system for water pollution control are less investment in
terms of initial cost and land, simple design and easy operation, no
effect by toxic substances and superior removal of organic waste
constituents as compared to the conventional biological treatment
processes. Activated carbons of high porosity, high surface are
frequently used in industry for purification and chemical recovery
operations as well as environmental remediation can be produced
from a number of precursor materials including coal, wood and
agricultural wastes. Recognizing the economic drawback of
activated carbon, such as high cost, many investigators have studied
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the feasibility of using cheap, commercially available materials as
potential adsorbents such as the low rank coal. [7]

The overall aim of this study was to determine the capability of
modified coconut shell adsorbent for adsorption of 4-Nitrophenol
and m-cresol. To determine the breakthrough point for a dynamic
column operated under different bed depths and flow rates in order
to evaluate its performance.

2. Experimental section

2.1 Materials and Method

2.1.1Adsorbent (Activated Carbon)

Coconut shell is suitable for preparation of micro porous activated
carbon due to its excellent natural structure, high carbon and low
ash content. [8] Activated carbon particle size fraction from (0.5mm
to 2mm) was sieved. The activated carbon was washed by distillated
water and kept in distillate water an overnight and finally dried in
an oven.

I. Product Description:

Activated Carbon is a carbonaceous material of porous carbon
element made from anything, which carbonizes under combustion
(direct or indirect fire/heat). The innumerable pores of Activated
Carbon make it highly useful for absorption of gases, liquids,
vapors, solvents, dispersions and colloids. Activated Carbon comes
in granular or powdered form, thus giving different pore sizes
(micropores, mesopores/medium and macropores), suitable for
differed target substances. coconut shell charcoal activated carbon
is generally microporous with high absorptive capacity and an ideal
liquid or gas filter agent. Activated Carbon can be made out of
wood, but coconut shell is a cheaper and widely available raw
material considered as farm waste by-product.[9]

Il. Raw Material:

Coconut shell charcoal activated carbon is sourced from mature
coconut shells. Coconut shell is an important raw material used to
produce charcoal briquette. And coconut shell charcoal have wide
applications in many fields because of its features and advantages.
In Malaysia, coconut is the fourth important industrial crop after oil
palm, rubber and paddy in terms of total planted area and it is an
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important export country of coconut products. Due to its high carbon
content and hardness, coconut shells are an excellent raw material
source to produce activated carbon. Activated carbon manufactured
from coconut shell is considered superior to those obtained from
other sources. They typically have a tighter, more microporous pore
structure and tend to be harder, more resistant to abrasion and lower
in ash than similar grades of coal-based carbons. [10] Even Though,
the Coconut shell is more cheap than others but, still have a few
disadvantage like these shell has high alkaline and these alkaline
will increase the potassium in the components you will used and this
increase will make too many disease.

I11. Manufacturing Process:

There are basically two steps:

(a) Carbonization (burning/pyrolysis) which produces mere charred
coconut shell with poor absorptive power;

(b) Activation by selective oxidation of the charred shell in
controlled atmosphere of steam and air that increases the absorptive
capacity.

The process essentially involves the creation of internal pores of
various widths, bulk density, size distribution and hardness that
account for the powerful forces, which hold the absorbed molecules
on the surface of the carbon. The surface area of the internal pore
structure measures the absorptive capacity.[9]

2.1.2 Adsorbate:

Table (1) shows the physical properties of 4-Nitrophenol and m-
Cresol.

Table (1): physical properties of 4-Nitrophenol and m-Cresol [11].

Properties
Chemical formula 4-C6H5NO3 C7H80O
Molar mass 139.110 g/mol 108.14 g/mol
Appearance Colorless or yellow colorless liquid to yellowish
pillars liquid
Melting point 113 to 114 °C (235 to 11 °C (52 °F; 284 K)
237 °F; 386 to 387 K)
Boiling point 279 °C (534 °F; 552 K) 202.8 °C (397.0 °F; 475.9 K)
Solubility in water 10 g/L (15 °C) 2.359/100 ml at 20 °C
11.6 g/L (20 °C) 5.8 g/100 ml at 100 °C
16 g/L (25 °C)
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2.2 Fixed Bed Experiments

A small scale pilot plant was constructed to determine the column
characteristic of the adsorption system. Figure (1) shows the fixed
bed adsorber. In this study burette were used and it was made of
inert materials (grade glass). Column breakthrough data were
obtained ina 1cm ID and length 66¢cm. The adsorbent should be kept
submerged in water before the run. The adsorbate solution in tank
(10 L) distribute to the adsorber column by used calibrated rot
meter, it was used to control the flow rate through the column, then
samples were taken from sampling point at appropriate time
intervals by a syringe to record the value of outlet concentration
phenolic compounds; finally the effluent was discharged into the
drain.

Figure (1) Fixed Bed Adsorber.

2.2.1 Adsorption Kinetics In Fixed Bed Adsorber
A simple approach to fixed bed absorbers has been proposed, to
correlate the service time (t) with the process variable. The column
experiments were carried out under fixed initial adsorbate
concentration (40 mg/l) for flow rate at room temperature (25 °C).
A series of experiments were carried for each phenolic compound
in their single form. Breakthrough curves were recorded during each
column experiment at various depths in column (Z=30, 40 and 50
cm), at flow rate (F=50 ml/min) was studied. All the runs carried at
room temperature (22°C) and distillate water was used.
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2.2.2 Mathematical Model

Various models are available for the design of fixed bed adsorption
column, out of them MTZ, HETU and BDST model are the most
commonly used which are discussed as following. [12]

2.2.3 Bed Depth Service Time

In continuous flow experiments, it is essential to predict the
exhaustion rate of adsorbent bed on how long the bed will last before
regeneration is necessary. In this the service time of a fixed bed
adsorbent, treating a solution of single adsorbate can be expressed
as a function of operational variable as equation (1):

No 1 Co

t=—27 ———Ln|2 = 1] (1)

C()U KACO Cb

Where: Cb is the breakthrough phenolic compounds concentration
(mg/L), NO the sorption capacity of bed (mg/L), U the linear
velocity (cm/min), and Ka is the rate constant (L/mg. min).
Equation (1) can be represented as equation (2):

E=MgZ 4 Cuo ()
Where
— No —__1 G _
My =25 And Cy = e In [Cb 1]
Thus a plot between service times against bed depth can be used to
test the model. The

amount of metal retained in the column depends on the influent
metal concentration and can be calculated from the area above the
breakthrough curve Eq. (3).[12] The adsorption capacity of the bed
g can be determined from a plot of In[(CO/Ct)—1] against t at a given
condition.

_ 13;3\4 N [ ] ............................................ 3)

Where:
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g represents the amount of phenolic compounds retained (mg of
phenolic compounds per g of adsorbent), Ct and Co are the
phenolic compounds concentrations at the column effluent and
influent (mg/L) respectively, Q is the flow rate (mL/min), M is the
mass of adsorbent in the column (g) and t is the adsorption time
(min).

3. Results and Discussion

3.1 Effect of Organic Flow Rate and the Bed Depth

Figures (2) and (3) show the influence of the feed flow rate on
breakthrough curves for the phenolic compounds. Generally the
breakthrough point time decreases with increasing of flow of fluid
through the bed. As the liquid flow rate increases, liquid
distributions are improved and the resistance to mass transfer
through the external liquid film is reduced which causes an
improvement of the performance of the bed. Whereas increasing in
the velocity of the liquid causes decreases in contact time, which
results in a decrease of the capacity. It is also evident from these
Figures that the break point time increases with increased bed
height.

Accumulation of phenolic compounds in the fixed-bed column is
largely dependent on the quantity of sorbent inside the column. The
sorption breakthrough curves obtained by varying the bed heights
from 50 to 30 cm at 50 mL/min flow rate and 40 mg/L initial
phenolic compounds concentration onto Coconut Shell -GAC are
given in Figures (2) to (3).

Both bed capacity and exhaustion time increased with increasing
bed height, as more binding sites available for sorption, also resulted
in a broadened mass transfer zone. The increase in adsorption with
that in bed depth was due to the increase in adsorbent doses in larger
beds which provide greater service area (or adsorption sites). This
states that bed height (Z) and service time t of a column bears a
linear relationship. Model is termed the Bed Depth Service Time
(BDST) model and stated that the service time t of a column is given
by equation (1). The column service time was selected as time when
the effluent phenolic compounds concentration reached 40 mg/L.
The plot of service time against bed height at a flow rate of 50
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mL/min, as shown in Figures (4) and (5) was linear (R2 = 1.00)
indicating the validity of BDST model for the present system. Thus,
the bed capacity will change with the service time . The rate
constant, KA, calculated from the intercept of BDST plot,
characterizes the rate of solute transfer from the fluid phase to the
solid phase .If KA is large, even a short bed will avoid breakthrough,
but as KA decreases a progressively longer bed is required to avoid
breakthrough .The BDST model parameters can be helpful to scale
up the process for other flow rates without further experimental run.
Equation (2) is easier to use in its simplified form.

A plot of service time t versus bed depth Z should yield a straight
line with a slope equal to m,which represent the time required to
exhaust a unit length of the adsorbent in the column under the test
conditions. The intercept on the ordinate Cy is the time required for
the adsorption curve front to pass through the critical bed depth. The
main fixed bed variables studies in this section include bed height
and flow rate.

é A\
=6¢—30cm
0
% =40 cm
O
50cm
| Al
Time(min)
\ Y

Figure (2) Breakthrough Curves for 4-Nitrophenol onto Coconut Shell-
GAC for different bed depths, Q =50 MI/Min, Co=40ppm.
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Figure (3) Breakthrough Curves for m-Cresol onto Coconut Shell-GAC
for different bed depths, Q =50 ml/min, Co=40 ppm.

3.2. Effect of bed height

Equation (2) is the equation of straight line relating service time t to
bed depth Z and may be used directly to test the BDST model.
Figures (4) and (5) show how this relationship was confirmed for
the adsorption of the solute of phenolic compounds onto GAC for
various bed depths. The experimental data for the adsorption of
phenolic compounds onto Coconut Shell -GAC fit the BDST model

very well.

s

48.95x - 2.8358y =
1=2R

t(min)

Z(cm)

-

J

Figure (4) Effect of Percentage Breakthrough by BDST model for 4-
Nitrophenol onto Coconut Shell-GAC (CO=40 mg/L, 50 mL/min)
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Figure (5) Effect of Percentage Breakthrough by BDST model for m-
Cresol onto Coconut Shell-GAC (CO=40 mg/L, 50 mL/min)

Table (2) Compares Bed depth service time (BDST) parameters at
different percentage breakthrough for the adsorption of Phenolic
compounds with copper onto pretreated Aspergillus niger biomass.

Table (2) Comparison Bed depth service time (BDST) parameters at
different% breakthrough for the adsorption of Phenolic compounds
with cooper.

Vol Ka Correlation
Adsorbate Adsorbent Flow Rate B]eall;;l.u SIO.P e M lgm cept NO (mng/L.m | Coefficient | References
(nLimin) | °vgh% | (minem) | Celmin) | o7y | ®)
4-Nitrophenol 50 10 218357 4894 | 1784 | 0.0030 100
Activated carbon Present
. (Goconut Shell) 50 20 3.0768 4326 | 1933 | 0003 100 work
m-Cresol
Copper L6 99 27 -312 5060 | 0.008 099 Mausumi
pretreated M. efal.
Copper | -ispergilius niger 52 99 71 04 | 60 | o0 100 2010
biomass

4. Conclusion

This research work has revealed some latent facts about the
usefulness and effectiveness of granular activated carbon produced
from waste agricultural materials. From the experimental
information gathered, it has been shown in this study that From the
set of experimental and theoretical analysis on adsorption of
phenolic solute compounds the following conclusions can be made.
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1- granular activated carbon of (0.5-2 mm) particle size produced
from coconut shell can effectively remove organic pollutants
from distillate water

2- The sorption of phenolic compounds by coconut shell pellets a
fixed bed column was studied.

3- The experimental results:

A. (4-Nitrophenol: Volumetric Flow Rate = 50 mL/min,
Breakthrough 10%, NO = 17.84 mg/L and Ka
0.0030 mg/L.min).

B. (m-Cresol: Volumetric Flow Rate 50= mL/min,
Breakthrough 20%, NO =19.33 mg/L and Ka 0.0031
mg/L.min) showed that adsorbent removes the
phenolic compounds effectively and the change in
the column operating parameters, such as bed height.

4- A bed depth service time model (BDST) has been applied as a
quick design method for a fixed bed and has been successfully
applied to the adsorption system where the variables studied
include bed height and flow rate.

5. Recommendations For Future Work
1. The first recommendation is to increase the porosity of the

coconut shell adsorbent by treated it by moisture and NaOH. It
is regenerated by treatment with NaOH and moisture under
conditions resulting in impregnation sufficient to restore the
activated carbon to more than its original adsorptive capacity
for the phenolic compounds

2. uses less than the size used in this purely, because the Grain size
of carbon has effect on absorbance of the chemical compounds.

3. determine the breakthrough point for a dynamic column
operated under different bed depths, also studying effect of
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different flow rate and effect of particle size in order to obtain
on good results.
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2. Abstract.

This paper investigated the effect of the welding process of Shielded
Metal Arc Welding (SMAW) and the relatively Tungsten-inert gas
welding (TIG) process on 304 Austenitic Stainless steel.
The welding process was carried out on 4mm thick plate of 304
Stainless Steel using SMAW and TIG welding processes. The two
set of plates having the single plate size of 350mmx26mmx4mm
were welded using Tungsten Inert Gas welding and Shielded metal
arc welding process. At the varied welding heat input, no noticeable
modification of &- phase throughout the microstructure was
observed, only variations in grain size of austenite could be noticed.
Also, inclusions and porosities in form of dark dots were noticed in
some of the microstructures, none of micro-cracklings were
encountered during the investigation. Weld solidification cracking
were present as white stretches in microstructures of the HAZ
samples evaluated. Further it is observed from the optical
micrographs shown that the extent of grain coarsening in the HAZ
increases with increase in heat input.

Key words:- Shielded Metal Arc Welding (SMAW), Tungsten-
inert gas welding (T1G), Heat Affected Zone (HAZ).

2. Introduction.

Industrially speaking, welding process is widely used for the
manufacturing industries to the service companies such as
automotive, aerospace and building activities. Welding is not just
combining two piece of material; rather it is also used for the
softening, separation and joint combining. So that, welding is
commonly used in the shipbuilding industries; welding is
considered the core operation for the ship builders. In many cases,
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the application of pressure is needed to weld the material. However,
in some circumstances, it is not required, especially with soft or low
density steel metals. Welding is also usually used in all fabrication
companies due to similarity in used manufacturing
processes. [1], [5]. Pervious research has shown that welding is of
great importance especially when it comes to joining metal piece
thus saving the need to buy new equipment or machineries. Thus,
welding assists organization in saving their cost of buying newly
manufacturing industrial machines [2]. One of the most workable
and effectively used welding processes is called as Arc welding
which is done via the metal fusion in which two metal pieces are
exposed to heat and melt to form a single piece of item [3]. Welding
is found to be widely used process in industrial sector; however, it
must be carried out in a precautious and careful manner to avoid
human injuries or damaging the machine or part of it [4]. There are
different welding processes used for different materials to achieve
state of art quality and standards welding materials. In this study,
the processes of SMAW and TIG welding were employed [6], [7] .

3. Experimental Methodology.
The microstructure of the stainless steel was prepared as per ASTM

B557standard with the prescribed criteria. These specimens were
observed under the optical microscope and the microstructures
before and after they were obtained. The microstructure was
analyzed by using specialized microscopic machine and equipment,
the results were obtained in form of microscopic images and details.
The slide cutters used to cut dimensions 350mmx26mmx4mm. then
conducted cleaning operations to remove dust and grease.

The base material used in the present investigation was in the form
of stainless steel plates type 304 sizes of 350 mm X 26 mm X 4mm
which were cut using shear cutting machine from a sheet metal and
the filler was —AWS E308L-16l solid electrode of 3.15 mm
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diameter. The chemical composition of the base and the filler metal
Is shown in tablel&2. The welding machine which was used in this
study is Aristong 255 AC/DC. It has been initialized edges welding
cutting operations machining on the milling machine where it was
rinsing a 30 degree angle and length 350 mm) pieces and put
properly to be the edge of the both be welded on one side likeness
(single-V) and as shown in Figurel.

— 2% —|

1/

M-1.5%02

All dimentions in mm
Figure 1: Preparation of the slides for welding process.

In the present work double V-groove design was used so that
welding could be accomplished ensuring full penetration. Before
welding all the edges were thoroughly cleaned in order to avoid any
source of contamination like rust, scale, dust, oil, moisture that
could creep into the weld metal and later on could result possibly
into a weld defect. Bead-on plate SMAW was performed along the
center line of solution annealed plates using electrode - AWS
E308L-16l of diameter 3.15 mm. The samples were shown in
Figure 2(a & b).
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Figure 2: (a) SMAW process (b) TIG process.

It is a well-established fact that among all the welding variables in
arc welding processes welding current is the most influential
variable since it affects the current density and thus the melting rate
of the filler as well as the base material. The rest time of 30 seconds
was allowed after every subsequent pass.

Heat input was calculated according to equation 1,

_ pxXVXxI

H
\Y

(1)

Where, H= heat input in KJ/mm, = efficiency = 0.75 for SMAW,
V= voltage in volts, I= current in amperes, = welding speed in
mm/sec. So in accordance with this fundamental fact three different
heat input combinations corresponding to different welding currents
i.e. 75 A (low heat input), 100 A (medium heat input) and 125 A
(high heat input) combinations were selected for the present study,
also in this study two parameters such as the voltage and welding
speed are constant by 36 volt for voltage and 2.5 mm/sec for the
welding speed as shown in tablel. Also table2 illustrate the chemical
compassion of the base metal and table 3 shown the chemical
composition of electrode metal.
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Table 1: Welding process parameter.
Valtage Current Welding Heat
(V) (A) speed input
mm/sec KJ/mm
35 75 2.5 0.787
35 100 2.5 1.050
35 125 2.5 1.312

Table 2: Chemical Composition of Base Metal (wt.%6).

Typical Chemical Compositions

Type C Si Mn P S Cr Ni
3049% | 0.08 0.75 | 2.00 | 0.045 | 0.030 | 18-20 | 8-10
Table 3: Chemical Composition of Electrode metal (wt.%6)
Typical Chemical Compositions

Filler C Si Mn P S Cr Ni
metal

(AWS 0.04 | 09 0.80 | 0.040 | 0.030 | 18 9
E308L)

4. Result and Discussion.

4.1 Microstructure of SMAW welding:

The base metal and HAZ samples at varied welding heat input are
depicted in figure3. Generally, the phases are composed majorly of
austenite and ferrite. Also, chromium carbide formation and
precipitation due to sensitization was observed at the grain
boundaries. After etching, the ferrite phase was obtained as a lighter
phase in between the darker austenite phase, and only a little
difference was observed to exist between microstructure of the base
metal sample and that of the HAZ samples at varied range of low
welding heat inputs as shown in Figure 3.

The base metal and HAZ samples at varied welding heat input are
depicted in figure3. Generally, the phases are composed majorly of
austenite and ferrite. Also, chromium carbide formation and
precipitation due to sensitization was observed at the grain
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boundaries. After etching, the ferrite phase was obtained as a lighter
phase in between the darker austenite phase, and only a little
difference was observed to exist between microstructure of the base
metal sample and that of the HAZ samples at varied range of
medium welding heat inputs as shown in Figure 4.

The ferrite phase is seen to be relatively more dispersed in the
austenite matrix of the base metal sample as compared to austenite
matrix of the HAZ samples in figure 4. Austenite grain boundaries
are readily observable in the microstructures of the base metal
sample as well as the HAZ samples. At the varied welding heat
input, no noticeable modification of &-phase throughout the
microstructure was observed, only variations in grain size of
austenite could be noticed. Also, inclusions and porosities in form
of dark dots were noticed in some of the microstructures, none of
micro-cracklings were encountered during the investigation. Weld
solidification cracking were present as white stretches in
microstructures of the HAZ samples evaluated Further it is observed
from the optical micrographs shown that the extent of grain
coarsening in the HAZ increases with increase in heat input as
shown in figure 5.

Figure 3: Optical micrograph Figure 4: Optical micrographs
of low heat input (100x). of medium heat input (100x).
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Figure 5: Optical micrographs of high heat input (100x).

4.2. Micro-hardness of SMAW welding for austenitic stainless
steel type 304.

Micro hardness measurements were taken in the transverse direction
I.e. perpendicular to the base plate surface and this shown in figure
6. the figure also show that the micro hardness near the top of the
weld bead surface is high and as the center of the fusion weld zone
is approached by the inventor, it gradually reduces due to the fact
that cooling rate is relatively higher at the top of the weld bead
surface than at the center of the weld metal.

y == \|gld pool
7 EeTem——

7l g HA

E 2 20842

| B B L e et | s | ] ]
Lo o D Dem o i DU Uy D et oo L e ]
Lo Lo Lo a1 o 1o Lo Lo o 1 o | e |

19376 s B3se mets|
18146

Weldpool- HAZ - Basemetal (')

Figure 6:Micro hardness along weld pool, HAZ and base metal at
different heat input.
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From table 4, it is observed that as the indentor traverses outwards
(parallel to the base plate surface) from the center of the weld/fusion
zone towards the fusion boundary, micro hardness increases from
181.46 VHN for high heat input, 193.76 VHN and 242.95 VVHN for
high heat input welded joint around HAZ region.

Table 4. Micro hardness values at different weld regions.

Low Medium ]
reV\é?(I)C:I heat heat he;'tI?erut
Input Input
Weld 207.30 194.37 181.46
pool
HAZ 229/10 208.42 193,76
Base 242.93 242.93 242.95
metal

The steep rises in the micro hardness with the average values of
weld pool, HAZ and base metal are 194.37 VHN, 210.43 VHN
and 242.94 VHN respectively at low, medium and high heat input
(see figure 6). High hardness in the fusion boundary zone (FBZ) in
all the joints, can be attributable to the presence of partially un-
melted grains at the fusion boundary which are partially adopted as
nuclei by the new precipitating phase of the weld metal during the
solidification stage. After reaching this peak value, micro hardness
shows a decreasing trend in the HAZ. In all the joints, HAZ area
adjacent to the fusion boundary was coarse grained HAZ (CGHAZ)
which possessed low hardness whereas the HAZ area adjacent to the
base metal was well grained HAZ (FGHAZ) which provide high
hardness. The reason for this trend of micro hardness in the HAZ of
all the joints is that the area adjacent to the weld/fusion zone
experiences relatively slow cooling rate and hence has coarse
grained microstructure, whereas the area adjoining the base metal
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undergoes high cooling rate due to steeper thermal gradients and
consequently has well grained microstructure. It is evident from the
trend depicted by the micro hardness profile within the HAZ of each
of these joints. In general, it is observed from these micro hardness
studies that hardness follows an increasing trend in the order of weld
metal, HAZ, unaffected base metal and fusion boundary for all the
joints made at different heat inputs. It is also found that there is a
significant grain coarsening in the HAZs of all the joints.

4.3 Microstructure of TIG welding:

From figures 7,8 and 9, it is clearly seen that the heat input increases
the depth of penetration increases along with the height of
reinforcement. There is no effect on the weld width due to increase
in heat input. Full penetration welds were obtained in all the three
combinations of heat input (75A, 100A, 125A). As indicated by
these values, it is found that heat input increases the fusion areas of
the joints proportionately. The same trend is followed by the HAZ
area associated with each of these joints and fusion zone and HAZ
area also maximizes when the heat input is increased. Optical
micrographs show the microstructures of weld zone, fusion
boundary and HAZ for different heat input combinations (see
figures 7,8 and 9).

Figure7: Optical micrograph of Figure8: Optical micrograph of

TIG welding at low heat TIG welding at medium heat
input(100x). input(100x
534 Copyright © ISTJ A gina aiball (5 i
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Figure9: Optical micrograph of TIG welding at high heat input (100

X).

4.4. Micro-hardness of TIG welding for austenitic stainless steel
type 304.

Micro hardness measurements were taken in the transverse direction
i.e. perpendicular to the base plate surface, plate surface and the
same are shown in figure 10. Figure 10 also shows that the micro
hardness near the top of the weld bead surface is high and, as the
center of the fusion/weld zone is approached by the indentor, it
gradually reduces due to the fact that cooling rate is relatively higher
at the top of the weld bead surface than at the center of the weld
metal. From table 5, it is observed that as the indentor traverses
outwards (parallel to the base plate surface) from the center of the
weld/fusion zone towards the fusion boundary, micro hardness
increases from 217.40 VHN at low heat input, 204.27 VHN at
medium heat and 191.46 VHN at high heat input welded joint
around HAZ region.

Table 5: Micro hardness values at different weld regions.

Weld Low Medium High
region _heat heat input heat input
input
Weld pool 217.40 204.27 191.46
HAZ 239.35 238.36 203,76
Base metal 256.85 256.85 256.85
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The steep rises in the micro hardness with value of 191.46
VHN for high heat input at weld pool, 239.35 VHN for HAZ
and 256.85 VHN for base metal respectively. High hardness as
possessed by the fusion boundary zone (FBZ) in all the joints
can be attributed to the presence of partially un-melted grains
at the fusion boundary which are partially adopted as nuclei by
the new precipitating phase of the weld metal during the
solidification stage. After reaching this peak value micro
hardness shows a decreasing trend in the HAZ. In all the joints,
HAZ area adjacent to the fusion boundary was coarse grained
HAZ (CGHAZ) which possessed low hardness whereas the
HAZ area adjacent to the base metal was well grained HAZ
(FGHAZ) which possessed high hardness. The reason for this
trend of micro hardness in the HAZ of all the joints is that the
area adjacent to the weld/fusion zone experiences relatively
slow cooling rate and hence has coarse grained microstructure,
whereas the area adjoining the base metal undergoes high
cooling rate due to steeper thermal gradients and consequently
has well grained microstructure. This is evident from the trend
depicted by the micro hardness profile within the HAZ of each
of these joints. In general, it is observed from these micro
hardness studies that hardness follows an increasing trend in
the order of weld metal, HAZ, unaffected base metal and
fusion boundary for all the joints made at different heat inputs.
It is also observed that there is significant grain coarsening in
the HAZs of all the joints. Further it is observed from the
optical micrographs shown that the extent of grain coarsening
in the HAZ increases with increase in heat input as shown in
figure 7, 8 and 9.
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Figure 10: Micro hardness along weld pool, HAZ and base metal at
different heat input.

Conclusions:-

It is concluded from the results of this experimental study that
in a fusion boundary, there is a steep rise in the micro hardness
with value of 191.64 VHN, 203.76\VVHN and 256.85 VHN at
high heat input respectively. In all the joints, HAZ area
adjacent to the fusion boundary was coarse grained HAZ
which possessed low hardness whereas the HAZ area adjacent
to the base metal was fine grained HAZ which possessed high
hardness. It is also observed that there is a significant grain
coarsening in the HAZs of all the joints. Further, it is found
from the optical micrographs that the extent of grain
coarsening in the HAZ goes up when the heat input is
increased. The tensile strength of austenitic stainless steel
decreases when welding parameters are increased because
during low heat input conditions, the width of HAZ is very
small around the fusion zone. This process changes with higher
heat input. Micro-structural details of the weld metal, in terms
of dendrite size and cell spacing, demonstrates that high the
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tensile strength and ductility is possessed by the joints at low
heat input, which would be attributable to smaller dendrite
sizes and lesser inter dendritic spacing in the fusion zone.
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